1 DESCRI PTI ON NI TROGEN- CONTAI NI NG SPI RO- Rl NG COVPOUND AND MEDI CI'NALUSE OF
SAME 5TECHNI CAL FI ELD [0001] The present invention relat es

ni trogen-containing ,spiro-ring conmpoundjand a pharmaceut i mm@“’ml@
Specifically, the pr esent invention relates to an inhibitor o nase
3, referred to as JAK3 hereinafter, a conpound for prevention -8t % eatnen

of organ transplant rejection,- graf tDE&GRIBEIONDst reaction after

transpl antati on, autoi mmune di sease and al l ergic di sease, and a

10phar maceuNITROGES€ONTAINENG SRR O-RIVO ZJOMPBUNDeSED MEDICENA [ SEabs QA Ke!l at es
to an inhibitor of Janus kinase 2, referred to as JAK2 hereinafter, a
conpogind fﬁm{% Ugn or treat ment of chronl c nyeloproliferative disease,

and a ph rese use q le a} Allr GROUND ART LOOOS] JAK3 is a
member of us f P ’OH '5él ﬁ §s? tn8ve BT SR HY R SPIOF AR CORRAREr @0t
this famﬂ Htig Ff'e gE |ﬁe i %326 RIPSRY RYentighfefages Soapminfubitends danys kigass i3 y

i n hemat dpimed tO@SééKﬁé*eremafter a copppogng faxipFqveRsioa op treaimiem o f jorgai rausplagtirejeptican
i npor t anterafolverses hgsheachyn afteromansplanthison, sapsowimt disersofand AlBrewi tiseage, cAndi n1s
combh t hamdateyticalubd ofidedamecept ors including 1L-2, IL-4, IL-7, IL-9, IL-15

and 201 L-[2002] MrHeh®eseRCRMNAbN ARG i ralkRdl t& |a9rlﬁl1b1td’r%?$qﬁlﬁt1bﬁ)£c 2 QQfQA‘Jd to as JAK2
Signi fi C%Pe'u%ftérequ&%ot}xﬁKﬁ)r FychfE R bE¥EhFeR o Gicd gg&grgh 360 1sgase andsacI D

7-chai ns ever e Co i ned %'mrunoégc I clen erre 0 ’as

her ei naf t%e mnaceutlc’?l Hte"ﬁ df"3ti on. That indicates that an i nmunosuppression
is produced by blocking JAK3-nediated signaling pathway. It has been

r epott ed BAH-BHRABENDARSEri ment s that JAK3 plays an inportant role in

mat uri ty [6903NKAXSde k ImembB- ¢fidamisdemile whih delbagsyphody kamsean Dthes neadentor &id y
requi r ed fhoily 4rhexprasbadtie naivoetisies Twhied JAKBUR etprQRE onfydP B&hatéoidtiaselkeen al so
reported that TisliN8nd &piebiidrok ifobve@R: é%p&ﬁéﬁo&@fjﬁﬁ%ﬁ?%&y @ov%%l}t'ﬁ‘s%tcﬁ%
N- (7H pyror QAR itB v RhANS dointbn s A’iu}»ﬁlaﬂmid}% Rlc8drs éfﬂldtngzﬁ}b I%JPtBHrﬁpé RN 5 L j €)
I npryyes ff ?H&U@x’é?&c t@rrrﬁ dtéds? ?i‘lrl E’d?x?tré Asis conalitl and “shows

rejectio n m.an_ renal gOt ranspl antati on nodel and
ai rway i ﬂ% 6°ﬁ“t§'uf?8?°§gﬁ pé‘?‘f’&c'f‘?lsl N 5P SECHS ihrR AR Fhai TEgosEnd i
vi ew of t¥ET8 ficiepey, defoaeq &/ @8 YHR: heseipadigy| %@ElFlafnPleaaw i rihane
acti vi ty ipfjcaagmt ?WW?%‘PBTCSESB)HG%I@P@tlceql o blp¢kengdd\Bemediated ignatimgyathvet  of

or gan transpl dhtas begjneerortechin agmse expeemsnts thattK 3 a6 tah dmpoatiitable in maturity of NK

t r anzpl antl iBolymphotyes mndiTeyapisefse arnth ekl feqdir@eRs ehe MABAAINODTNEEN
ot her hanfgahctibds. has been indicated that an inhibition of JAK2 is useful for

patients [o@3; Ewﬁafs SEdn" Mo rE R RhetY I CinIBREU. 940' 458 r((%k' 4‘&% 334 SRRS, [E-methyl-

chronic r ne S era,

el of  br e R SR ARG Aoy PGk AL, e o
chropj c ? %cfﬁof’?s‘ﬁ eﬁ?R‘i‘Hﬁ”}i %’ﬂr 5 ‘?“és é@g‘itlﬁﬁ PRGSHON offfssiti 40 wmiapnieal
neut ophr;l}é‘Fs(P PRfRLRPdE émnélawa@tl%wa@ﬁ%on G@Bl]mqutse psthrepemnpdslied t hat
the chr ofPQ06hyrVispob fherbpvatinowedies i dchelipvey fipea cxgulsteh dfian dmgune @tvieelyl JAKS0
mut at i ongnhiltitorreivausefpbietthe pevenios er |tsatngndof drehasatpant refoood, @ebfi Rekusehost

| ar ge mejrexiidnyafef rgeplymationenicimmenadisagait eirgic aSca€l | as a significant
number Of[O(Q)W] '@H e R} QhAD r1t0§aissbe§n Ma?eastﬁﬁt dnatlnhﬁ)nlof? rqu(AY(t2h§ ms%ls dt? f}% ci%&t S

hav ai

i nhi 5?tl gnﬁo Lh%grf %(g,%g%lg—]%&fo mﬁferabwe ﬁls\eﬁsﬁol a¢ g}frg?lc FH’FIOB’P? ]E?Faél Egﬁgaég méiﬁ‘des
i nhi bi t i SRIYOY eﬁ?‘mvﬁflet’%{t‘%ﬁnysﬁ ’é’ﬁ‘é’t tﬁfﬁ?f‘é‘tﬁh@ efythemiy shrymisomysleeytic dapkesiat he
‘above knéhorggeyelpmonogytiseleploysal qhrenic sosiregbiliatieukamat chrooici fenraphiin lakemia,
hemat opoisgténtic oebtbeytdsig. JAK2 i nhibitors is useful for the prevention or

t r eat menfoeB] GhisoBYlieveaYBAORE Qhﬂoﬁﬁrlﬁﬁélc}fﬁolﬂkr‘ﬁ@@s@%ase{ 919%% 59% ﬂ‘ypce'ﬁtr%f f‘"ll

(10 .{J

menhgy s r S r known
"R ud oM RASE oL LA B Ly Se %gts% i arﬁaftaéw s
and tyrost ﬁg IPFthé‘gge a5 v gfaér Pea’gP@C%t% IMRET heh drimant dryelofivepsists jagd hessansgled
that a JARIMPIRihEMIaGPKFS hevergaRpof- ﬁﬁFtlﬂﬂtf@ittatmﬂéo%ﬂlAé@ Jisles Okenfabyo refrosted that an
prevent i aritotion ofeat kM6 1 T kivase bg tisvesottuldi mkidB@S caises dndfihibiio oJMBferation of

i nhi bi t ohem&Ehcotc CHIRE OF | NVENTI ON PROBLEMS TO BE RESC]_VED BY THE

| NVETI O'N)do@mrl]we%@%@fﬂt %oteo kﬁ&‘&zl@ﬁ'ﬂ%‘ e étb‘éﬁ'év%& tfl;?r Smﬁlonpofs ke gtion of
devel opi ngmgtonov for Panspt ant

eventi Vv
rejection. "grALt Cy %etruéu g% %%&?ﬁpoﬁ ks f%t rt %?b?vﬁ?ﬂoé‘t Pbﬁrea%?blo gic
di sease &HQ OB‘IOIIIEﬁrﬁ‘iVE ‘a‘?aéf'éase alternative to conventional one, the inventors
have foul®lAb¥etr typasradgembenmifai fanmgkidlfs piefeored ings nperdinaer\\atrily bAKGown
inhibitory effect and achi eved the present invention. [0012I The - preseﬂt—~
i nventors have al so found novel nitrogen-containing spiro-ri
with JAK2 inhibitory effect and achi eved the present |nventllm HIW
SOLVI NG THE PROBLEMS [0013] Specifically, the present inventi o
foll ows. 15[ 1] A corrpound of the foI I ovm ng gener aI for mJI a [ t]——{'@ﬁ&h&aj\



20(2) (1) (2) 25 (1 \ k.) C1.6 alkyl, or halogen atom nl is an integer
selected fromO to 4, Rois the sane or different and each: ,Cl_6 al kyl, or
hal ogen atom n2 is an integer selected fromO to 4, m is an integer

sel ected fromO to 3 nQ is an integer seI ected from1l to 4, Xa=Xb is:
CH=CH, 2 ni trogen atom or (2) CGHRd

wher ei n F&f g ?F bfﬁ?ﬁ?ﬁrtoﬁép%bhe@@e@ﬁr 13442 TAK 3, and girenins kansbe dtrefgréd om
the foll mm@vk@b)aretn@ﬂf(rﬁénd it i§ blidvgdithagehAlat owbito &) aCllyk® iretititpk are @atsb @sell figr
subst i t utllethré&yntidaer Gediend bf CHricli®y Fidtseabed SmPar SUDBAK 3 1nedttSr sel ected from t he
following Goup A, 3 (3) -C(=0)-le, (4) -C(=0)-0-1e, (5) -C(=0)-NR6R 4 in
whi chy IeDIg@L@@RﬁgFlﬁqgggﬂ@are the sane or different and each: 5(i)

hydr ogen pal g éﬁyﬁﬂms“bs“ tuted by the sane or
differen OE)‘?{:‘E ubsti uents 3 hefolloww% Goup A or (6)
a gr oup o1 ﬁ?ﬁ‘?ri‘n" Od%‘eer‘?f‘éf%llsm fhgpg tRelegifyelopiRe 3 RovRhiherAPeyiC PEPravegivsp
sel ect ed 28516 ffr Prgan freﬂSPléWﬁ actpp)grefé Vf(rmslhyst r<(a|ct)!or@ﬁeﬁtrmsplexyatmeautc(xmm)me diseasy -

or (iii) andyliepgic @iscaselaRnaigveTo cgnventional(dng, BGinyntes yrdve f¢undno@3 nikldgen-containing
cyclidal | spikq-rig compoun(ds iith JSKB inhiltied effericine betived tk ylessibBiveitont he sat ur at ed
monohet eq@OYE Myt pEodhp fdvesrs hal ® ado &g mead] Qﬂ?og@x@l:&ﬁélﬁg Eﬁx%ltﬂ;‘ @Jnﬂﬂﬁﬂis%xﬁm
oxygen atjmquhlbwyfaﬁect%@sememkgree%&%%m atoms and the nunber of

20consti W&S F %L@tDQ@BfHESP I9E IS the sane or different and each
(1) cyang\oqlgf %CI s an integer selected fromO to 4,

25Gr oup H‘CCPB‘??EI?té‘E“CH‘gD“df as fp droxyl, (b) Cl_6 al koxy, (c)
cyans, 1 c1 ARy PE Hesliyying @E’é‘)fo{l}lm% ﬁl kyl car bonyl oxy, and (0 C2-6
al kenyl o hemi¢al Borpiilirldmceut i cal |y acceptable salt thereof, or a solvate

t her eof . (R®)n1

(RP)n2 m( }
m22\ N\
RC
N
Xa
X| N Nub
LA~y

[1]
wherein R® is the same or different and each:
(1) Cy¢alkyl, or
20 (2) halogen atom,
nl is an integer selected from O to 4,
R” is the same or different and each:
(1) Cy, alkyl, or
(2) halogen atom,
25 n2 is an integer selected from 0 to 4,
ml is an integer selected from 0 to 3
m?2 is an integer selected from 1 to 4
X=X’ is:
(13 CH=CH,
30 " (2) N=CH, or
(3) CH=N,
X is:
(1) nitrogen atom, or
(2) C-R® wherein R?is hydrogen atom or halogen atom,
35 R®is a group selected from the following (1) to (6):
(1) hydrogen atom,
(2) Cy, alkyl optionally substituted by the same or different 1 to 5 substituents selected from the
following Group A,

E

2



[0014] [2] The conpound of [1], wherein, in the general fornmula [1], nl is
an integer selected fromO to 2, n2 is an integer selected fromO to 2, 35
m is an integer selected fromO to 3, n@ is an integer selected from1l to
3, Xis: (1) nitrogen atom or (2) CGRd wherein Rd is hal ogen
atom 40R is - roup selected fromthe following (1) to (6): (1) hydrogen
at om (2)(3E1C(60hg‘k,yl substituted by one substituent selected fromthe

fol |l ow ng4D=(Ziaﬁ)Q-R°(3) -C(=0)-1e, (4) -C(=0)-0-1e, 45(5) -C(=0)-Nele 4 in
whi ch | e (55-CZ0FNRPRYI optionally substituted by one substituent selected

from the if QhlcRW nm:? QCDMRA"’MB&@ shrite (gdﬁ@er?ﬂt k¥d eacl® 3 1S C. 6 al kyl Optl onal | y
substy tut ypstituent selected romthe following Goup A leis

5(i) hyd CL 6 fof |
UL ;é“ K ne'ﬁ‘%'}»%; 1% iy et B Bk e e
fol | owi nd°Yqwing & r?r (i) C1_6 alkylene, (ii) -C(=0)-, or (iii)

- C(=0) - 06) Rgrﬁgqufp%nm%u) phenyl, (ii) C3.6 cycloallcyl, or (iii)

. .pyrrolidi ﬁ;rctmlcalfbxmuwsﬂ(l ) cyano, or 20(ii) nitro, p is an integer ‘selected

30 A is the group consisting of: (a) hydroxyl, (b) Cl1_6
al koxy, 25fac o, (d) Cl1.6 al koxycarbonyl, (e) C _6 allcyl carbonyl oxy,
and (O C2,6 a o] or a pharmaceutically acceptable salt thereof, or a
sol vlaote t her eof~ E%;] 30[3] The conpound of either one of [1] or [2]
wheretrn nml is anp |nte er_of or 1 and n2 is an integer of 1 or 2, or a
phar maceut P’E’é‘ﬂ‘y ‘Sécgf,‘é‘]ﬁtséﬂﬁff“éi %CHP thetfollomingr (i) tofiily sol vate t hereof. [0016]
[ 4] The céﬁrﬁ%uﬁ@fymew] wherein a conbination of (m,nR) is (1,2), which is
a conpourtud) cﬂ(—@heorgeneral formula [11]: 35[ Cheni cal For mul a 4] 5
( Rb) n2RaXiii) -€R0)-G-J I ] |
15 Ring T is:
(1) Ce.ioaryl,
- (11) Gy, cycloalkyl, or
(i11) saturated monoheterocyclyl wherein the saturated monoheterocyclyl comprises 1 to 4 heteroatoms
selected from nitrogen atom, oxygen atom or sulfur-atom as well as carbon atoms and the number of the
20 constituent ring atoms is 3 to 7,
R® is the same or different and each:
(i) cyano, or
(i) nitro,
p is an integer selected from 0 to 4,
25 Group A is the group consisting of:
(a) hydroxyl,
(b) C,,alkoxy,
(c) cyano,
(d) C,, alkoxycarbonyl,
30 (e) Ci alkylcarbonyloxy, and
(f) C,, alkenyloxy, or a pharmaceutically acceptable salt thereof, or a solvate thereof.

fromO or 1,

[0014]
(2] The compound of [1], wherein, in the general formula [I], nl is an integer selected from 0 to 2,
n2 is an integer selected from 0 to 2,
35 ml is an integer selected from 0 to 3,
m?2 is an integer selected from 1 to 3,
Xis:

(1) nitrogen atom, or
(2) C-R* wherein RYis halogen atom,
40 R is a group selected from the followmg (1) to (6):

(1) hydrogen atom,
(2) C, alkyl substituted by one substltuent selected from the following Group A,
(3) -C(=0)-R*!,
4 -C(=0)-0-R°2,

45 (5) -C(=0)-NR*R**



wherein each synbol has the same neaning as defined in [I], or a

phar maceutically acceptable salt thereof, or a solvate thereof. [0017]

5[ 5] The conpound of [3], wherein a conblgatlon of (mM ,n2) is (0,2), which
is a conpound of the general formula [I1117]: [Chem cal For mul a 5] (Re)nl
(Ro)yn2  [111] wherei n each synbol has the sanme neaning as defined in
[1], or anphzhRicieqtd dkil byticelbepbsaibite nadite smﬁkt]hlemeel‘écted)ﬂrorﬁt}&cfblwmxﬁg Ghap aof .
[0018] [ 6] The RFOREQyAEylpf [ 3], wherein a conbination of (m,nR2) is (0,1),

which is a conpoyny, gyt ﬁorﬁﬁﬁﬁibalmté@wyﬁ@sukéthﬂem &E@E@h&ﬁ'thfm&%‘ng&&up A,
(Ra) ni (Rb)n2 ¥ X 15[| wherei n éach synbol has the same neaning as

defing % egrog harnaceutlcally acceptabl e salt thereof, or a solvate
thereof E g g [ The conpound of either one of [1] or [2], wherein a
combi nat iBhCef 2O o) is selected from (0,3), (2,1), (2,2) or (3,2), or a

phar maced$) 88&Ioup obforBHRabl e salt thereof, or a sol vate thereof [0020] [8]
The conpd@henmiofl Famyulahle of [1] to [7], wherein Xa=Xb is CHECH and Xi s

nitrogen atorm a 5pharnaceutically'acceptable salt thereof, or a solvate
t her-eof [ 0@2{ 9] The conmpound of either one of [1] or [2], wherein a
conbi natifn § Q

thereof or a 5o

,n2) is (0,0), or a pharnmaceutically acceptable salt
[ 1] .ein _a co Nl )...ls (1,0), or a
pharnace g‘%& mzﬁ%“ﬁ% %qug gﬁ&?ﬁ%§0)% 1”él.solvate t hereof . [0023]
(

a&é thereof. [0022] 10[ 10] The conpound of either one of
[11] The ¥"8f either one of [1] or [2], wherein a conbination of
(nl, n2) i@ 9)- olor a pharmaceutically acceptable salt thereof, or a
sol vate t(her€ 6ﬂD‘l5[0024] [ 12] The conpound of either one of [1] or [2],
wherein a comRinaTison of (nl,n2) is (2,0), or a pharmaceutically acceptable
sal t13 hergofhen@dy a sol vate thereof. [0025] [13] The conpound of either one
of [1] oqni@ eqmng&gl&.a conbi nation of (nl,n2) is (0,2), or a
20pharnaq Y Ji Xlacceptable salt thereof, or a solvate thereof. [0026]
[ 14] The coé%ﬁg d of either one of [10] or [12], wherein IV is nethyl or
fluorine §ton1 of a pharmaceutical ly acceptable salt thereof, or a solvate
t her eof . d@??]°?5[15]The conmpound of any one of [1] to [14], wherein Rc is
(=W - Rﬁ" BYrog phar naceutical |y acceptable salt thereof, or a solvate
t her eof [0028]pis pilBjegdrelesehfpoundr bf [15], wherein Rd is C 1_6 al kyl
substituted byGroueA listde gooyp comsistimg@afo group, or a pharmaceutically

acceptabk@ Byakdxyt,hereof , or a solvate thereof. 30[0029] [17] The conpound
of any on f;mgh to [14], wherein 12 is -C(=0)-Nele, or a

pharys@ ceQ | y acceptable salt thereof, or a solvate thereof. [0030]
[ 18] The wherein R3 is Cl1_6 al kyl substituted by one
X car 2
cyano gr gp & 4 5hydrogen or a pharmaceutically acceptable sal t
t her eof , ‘W EYPH@?
Cas alkenyloxy, ora pharmaceutlcally acceptable salt thereof or a solvate thereof.
0015]
30 [3] The compound of either one of [1] or [2], wherein m1 is an integer of 0 or 1 and m2 is an
integer of 1 or 2, or a pharmaceutically acceptable salt thereof, or a solvate thereof.
[0016]
[4] The compound of [3], wherein a cqmbination of (m1,m2) is (1,2), which is a compound of the

general formula [II]:
35 [Chemical Formula 4]



[0031] [19] The compound of [1] selected fromthe foll ow ng chenm ca
structural fornula: [Chem cal Fornula 7] or- a pharmaceutically
acceptabl e salt thereof, or a solvate thereof. 5[0032] [20] The conpound of
[1] selected fromthe follow ng chem cal structural fornula: [Chem ca
Formula 9] or a pharmaceutically acceptable salt thereof, or a solvate

t her eof 5[ 0033R%){ 21] A pharmaceutical conposition, conprlsing t he conpound
of any OQRbPE [1]Lt§h[20] or a pharmaceutically acceptable salt thereof, or
a solvate th apnd a pharmaceutically acceptable carrier. [0034] [22]
A Janus klnﬁgg i hbitor conprising the conpound of any one of [1] to [20]
or a 1O0phar |y acceptable salt thereof, or a solvate thereof. .
[0035] [23] The Ja us ki nase inhibitor of [22], wherein the Janus |dnase
i's Janus kinas& 3. ,J-0036] [24] The Janus klnase i nhibitor of [22], wherein
t he Janus kiXase |so§§nus ki nase 2. 15[0037] 9 [25] A therapeutic or
preventive agent lf or"a di sease selected fromthe group consisting of organ
t ranspl ant recht|¢$, graft versus host reaction after transplantation,
aut oi mune di sease, allergic disease and chronic nyeloproliferative

di sease, conprﬂﬁlng t he conpound of any one of [1] to [20] or a

phar nace I sol vat e the

[26] A t H/tél%rggleela% ?819159@1\% gan c?r\l'}éeanag 8]‘ rfed [hlz or aPhanaaCCUJ Y?ccgptﬂ@é%ﬁg“ si ng
t he conpfunﬁ OF & 31 eﬁ f [1] to [20] or a pharnaceutical |y acceptabl e
salt thet® L or a solvate t her eof . L0039] [ 27] A therapeutic or

prevénti {3 aggh?“mﬁpuwkﬁﬁﬂagh@ﬂnéémplmgﬂm@f@nenébnn@@hwhahHanwnmnemeﬁﬂkl]

t o 10[ 20kensral orphlafiidiceuti cal |y acceptable salt thereof, or a solvate

t her eof . [CH20ddA) ForlmdB]|5]A nmet hod for inhibiting Janus . kinase conpri sing
adm ni stering (rey 2 mammal a pharmaceutically effective amount of the
conpound(ﬁg any ?NgtOf [1] to [20] or a pharnaceutically acceptable salt

t her eof , “or %h e thereof. 15[0041] [29] The nethod of [28], wherein

t he Janus | cf nas¢ 15 _Janus | cinase 3. [0042] [30] The nethod of [28],
wherein the Qanys IcRnase is Janus lcinase 2. [0043] 20[31] A nethod for
treating or pri®venting a di sease selected fromthe group consisting of .
organ transpl ant rejection, graft versus host reaction after

transpl ant atXomsyadkgl mune di sease, allergic diseases and chronic
nyeloprollfe|ayy e sease conprising admnistering to a mammal a
pharmaceuti cariy eff ective amount of the conpound of any one of [1] to [20]
or a pharnaceuticarﬁy acceptabl e salt thereof, or a solvate thereof.

25[ 0044] [32]AUHpthod for treating or preventing rheumatoid arthritis,
conprisinﬂ a.dmn]6§ rlh to a fg}rtclarnaceutlcally effective anount of
the conpdfid’sre ey ?Safrf]m%asmﬁéa? d1p [ &F trehagprcertelly acseriahit @bl e

sal t the?@ﬁ?fob%“ﬁm§ﬁhV%{e t hereof . [0045] 30[33]A met hod for treating or
prevent|H@1ﬁ50r|a5|s conprising adm nistering to a manmmal a

phar macelfli calhgcosfrbamtdf V3, winmeint cohbihftmnod mpnmayis of, 1 Jawlich e dfappukd of the[ 20]
or a phagsmaceiskhalallvy: acceptable salt thereof, or a solvate thereof. [0046]
[34] Usei@femidaErdROReYNd of any one of [1] to [20] or a pharmaceutically
acceptab‘ It t hereof, or 35a solvate thereof in the manufacture of a
Janus k|na e Pnhlbltor [0047] [35] The use of [34], wherein the Janus

ki nase |$R "1 cinase 3. [0048] [36] The use of [34], wherein the Janus
ki nase is i nase 2. 40[0049] [37] Use of the conpound of any one of

[1] to [20 or a ﬁﬁarnaceutlcally acceptabl e salt thereof, or a solvate
t hereof in the manufacture of a nmedicanent for -treating or preventing a
di sease selefted fromthe group consisting of organ transplant rejection,
graft ver sy Xfreaction after transplantation, autoi mmune di sease,

al l ergic djjseases' @hd chronic nyeloproliferative di sease. 45[0050] [38]
Use of the d of any one of [I] to [20] or a pharnaceutically
acceptable salt thereof, or a solvate thereof in the nmanufacture of a
nedlganent fqpvfreatlng or preventing rheunat0|d arthritis.

wherein each symbol has the same meaning as defined in [1], or a pharmaceutically acceptable salt
thereof, or a solvate thereof.
[0019]



10 [0051] [39]Use of the conpound of any one of [1] to [20] or a

phar maceutically acceptable salt thereof, or a solvate thereof in the
manuf acture of a medi canent for treating,or preventing psoriasis. [0052]
5[ 40] A commercial kit, conprising (a) a pharmaceutical conposition
conprising as the active ingredient the conmpound of any one of [1] to [20]
or a phar{ficelthecahpopndotaphtadieef flabt [21,vierit 2 conbirtiswbMail gnd) haeretd frend

(b) a drqg,sp@plgagez)bmes torefpharhﬁcd%h@dlme&yﬁableaén&aemélatsb%em&h i ndi cat es
t hat the[g@@ﬁnaceutlca conposi tion nmay be used or shoul d be used for the

treat rrent P g\égrgﬁdk%]opafn ogg %) qi%% rlélllill aL gltfp%?lra 1s mtrooelntaQSB]or a
Pr e a

[41] rnaceutlca

conp |S|ﬁ ’E?“?Hg&aé?F&amFﬁgﬂgai @6 nd of any one of [1] to [20]

S or a phaﬂ eutlcally acceptable salt thereof, or a solvate thereof; and
(b) a dru@l paclagemponséefcithér anhef phar [r%ﬁofélgtenrcaﬂon@mp@sw&(nbm-)wﬁwhomdl cat es
t hat t he pbaramratieally acabtaglo spobereofoor aaivateehansdd or shoul d be used for the

t reat mentjoa2] prevention of 15rheumatoid arthritis or psoriasis. EFFECT OF

| NVENTI Ofy 6]0054113 cIRRubOYERLENG e BF [11] 80N vHRAYA] (nfbehaBb 6Qa T A2)% @@mpynd of
the preseﬂsmﬁx@éa !:aq@ta&cgﬂtab@sﬁ{tilg%&f Mﬁsafvaetﬂ&@orfapeut' c or preventive agent

for orgaa ?nsp ant rejection, graft versus host reaction after

transpl a aut oi di se ergic disease, etc. due to its
48 Rt ot O e S PR B L A e o el
n|trogenI%GHF&WHPﬁ@agﬁP?HCFﬂﬁ@méﬁhﬁBUﬁ asftharepd present application is
effeloti véO®4l a t herapeutic or preventive agent for chronic

nyel opr oll[iZ]er dthe venmhusdafsdtheiunme o[ 1i] bis[2], AliBreanct dowibinatiomdi (ol 1) a2 ©f,foeet . BEST
MODE FOR pEARRYdubEE11QeBcefthiie kANMESES a295[x@@51€e}e0-fer ms and phrases used herein
are defi ﬁﬁs s bel ow. The phrase "optionally substituted" includes

both cas €83 Athe B tuh&b'ft l‘,reongg t]'o:ﬁ[g I%mSau&)ﬁ;b #H&rﬁ?‘ (1"?1%)%(6 8%%
oy tu%ﬁﬁm(ag&ﬁ ﬁpﬁce& 4 tFereE‘goras T Blfeg gom tions gre sﬂgijl tult tegt ES

refers t Subst’i
hydrogen |n t he subj ect gro For exanple Cl 6 al kyl optionally
substi t ut E‘H bf £ RRAMROYAEC th%F‘T‘lF@fﬁﬁlOrl[1%]0“’53’@&Bstslnﬂfl@ht)"sﬂ%%iﬁe@t@d from
Group A" Phafelacryenlllaecptatle sadt thergef, enasstvatetheadsfe positions of ClL_6 al kyl are
substit uf@®7by the sane or different 1 to 5 substituents selected from
Gows A @] ndhe sattymiund oftadd o UDBTY i 4] Ukieddin R ROSED) RYeo Yrasmcelirhiggen

at ont' i ngldé @gegmHgaaﬂquggnﬁme$&ﬁlne atom bromne atom or iodine atom
preferablmng uorine aton1or chlorlne atom The phrase "Cl_6 al kyl" refers

to G _6 al hali Ssatur car bo
ethyl pifé i : @J"“M E Gt g‘@“é@’ép 57 S B g frardgeliby
|sopentyl %%E)eé’ 1574 %Ptalg?ﬁi}?/ FrS?J@?rasﬁ FL er‘?0§ohexyl 1, 1- di et hyl but yI ,
2,23 utyI 3, 3- dlnethylbutyl 2- et hyl but yl preferably nmet hyl ,

et hyI pr{ yl The s@moepfwf angpne of [Thie [ bﬂr\alseeelﬂ E?xsecefmemﬂw“ ma‘;exasnztcwnealyG
straightaumpmwp&mnhedﬁahawnw@msmwuwated hydr ocar bon contai ni ng one or nore
doubl e bgoods; e.g. vinyl, 1-nethylvinyl, 1-propenyl, allyl, nethyl propeny-1
40(i ncl udigrg rthérﬁﬁélmdlof PYIORE&¥h R G5 OBL A1 subs%%@%{?ﬁhe cﬁﬁ&«rr))mp, I gnyl,

2-b g r rmateuti es e solva -1 - b !
5. WE%ﬁCY“‘V‘“% B bbby @""Eé‘{yb“%“?’%’éi ol et o s O~ Dt byt pent enyl

hexenyl referably vinyl net hyl openyl nethyl ropenyl etc.
[ 0058] Trﬁg" phrl4g gemneyngsotdy l%ﬁﬂc@ﬂémmrtecfé1%W¥lécla9naf%wmra1§<rw derived from
stra|ghtI@hﬁvﬁﬂEmn@béﬂkyl as defined above, e.g. nethylene, ethylene,
trimethyl ene, tetranethyl ene, pentanethyl ene, hexanethyl ene, 45preferably
net hyl ene, ethyl ene, etc.. The phrase "C6_10 aryl" refers to C6_10
aromati ¢ hydrocarbon, e.g. phenyl, 1-naphthyl, 2- naphthyl, preferably
phenyl. The phrase "C3_10 cycloallcyl"” refers to Cl1_10 nonocyclic saturated
hydr ocarbon, e.g. 11 cyclopropyl, cyclobutyl, cyclopentyl, .cycl ohexyl,

cycl oheptyl, cyclooctyl, preferably C3_6 cycloallcyl (|nclud|ng

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.). [0059] The phrase
"sat urat ed nonohet erocycl y1" wherein the sat ur at ed nonohet er ocycl yl
conprises 1 to 4 heteroatons selected fromnitrogen atom oxygen atom or

sul fur atomas well as carbon atonms and 5 the nunber of the constituent
ring atonms is 3 to 7 includes oxyranyl, thiolanyl, aziridinyl, azetidinyl,
oxetanyl, pyrrolidinyl, pyrrolidino (including 1-pyrrolidinyl),
tetrahydrofuranyl, tetrahydrothienyl, oxazolinyl, oxazolidinyl,

i soxazol i nyl, isoxazolidinyl, thiazolinyl, thiazolidinyl, isothiazolinyl,

i sot hiazolidinyl, imdazolinyl, imdazolidinyl, pyrazolinyl, pyrazolidinyl,
pi peridinyl, piperidino (including 1-piperidinyl), norpholinyl, norpholino
(1 ncl uding 4-nDrphoIinyI) thlonDrphollnyI lothlonDrphollno (|nclud|ng

ten en



30Pr ef erabl e enbodi nents of Rb include: (1) methyl, or (2) fluorine atom
etc.. Preferable enbodinents of n2 include an integer of 0, 1 or 2.
Preferabl e enmbodi ments of ml include an ynteger selected fromO to 3.
35Pref erabl e enbodi ments of n2 include an integer of 1, 2 or 3. [0064] A
conbination of (8ﬁ1”2) includes (0,1), (0,2), (0,3), (1 1), (1,2), (2,1),
(2,2) or 3 Pr ef & bly, Ra aqgcle na e substltﬁ% on car bon

atons con i ng each spi y Ie of the eralnformula [1] exdept for a

spiro car ar bon are no bst d by N are

sat ur at ed ya?3§§§ ato se,\hat nl 's 2 Qr ve, g?gg§§he
anl substitutedion the same or rent "N

same or dlffere t andN40eac
positionsy er, in ca n2 is 2 orwaﬁb Rb may be
di f ferentand_edch, and sd\~L|tu ed on the B~ dlfferentlp9 it ons.

[0065] Xa=X6 i§: (1) CHECH N 2)NN=CH, or 45(3)CHN, preferab

Pref erabl e enbodlnents of X are: (1)nitrogen atom or 12 (2)C-C1 nnre
pref erabl w, 1) nitrogen atomfr [0066] Prefer bhe enbodi nent s of |nclude
hydr ogen ato cyanoet hyl , mcetyl, benzyl, c t hyl car bonyl(

propenyl o | car bonyl , o!!panylcarbony i Icarbonyl

met hoxycal bonyl , S)-hym ypt+tyl carbo drox.ym e hy onyI ,
1 - hydroxy&fhyl gcar \nyl , y yl carb yI ) - acet oxyet éarbonyl
met hoxynet Byl car bonyl, net hokyet hyl ca bonyl Noxyeth ar onyl,

(R) - met hoxye carbonyl N
- cyanophenyfegf bonyl , 4- henyl carb nethoxycar t hyl
car bonyl , p-ni trophenoxycar bonyls 1- cyanonet hyl c clopropanylcarbéhyl

t - but oxy ¢aKdaaay Ferniited)hy! car banmoyl, N-cyanonet hyl car bamoyl, 10

N- cyanoet hyl car banmoyl , N, N-neth Icyanonehﬂglc banoyl ,

N, N- net hyl ¢ et hyl car bamgyl |, r opany!| car bgnoyl , preferab

cyanonet h rbonyl , hydrpxy yl car bonyl anoethylc yt. [0067]

nopyrro | | marbony

Preferablle e i ments of la dompougetsof thé ggn fornul ] ncl ude
conpounds th ol | owi ng\'f \ae: [Chenwbalo orfyla 11]N NHXa X 1|
\/Xb NN Ra) ( n2 \ a)nOH(Rb)nZ <1 N\ 15[I I][

[ 0068] AN d oftNthe "yendral formul a Fﬁl]\l | udes pr

conpound Bf tlhe’general f T11-A], [MKN [11-C]. Fd\nula

12] (Ra)nI"™NRof2 RC NN N [11- B

HsC
N
N O //\'\\ N" 0o AN
N SN N AN \\ N N
L C _
NT N . N/H

or a pharmaceutically acceptable salt thereof, or a solvate thereof.
5 [0032]

[20]  The compound of [1] selected from the following chemical structural formula:
[Chemical Formula 9]



20[ 0069] A compound of the general fornmula [II1] includes preferably a
conpound of the general forrmula [II1I1-A], [I1I-B] or [Ill-C]. 13 Ra NI RC
[ 0070] A conpound of the general formulagfornmula [1V-A], [IV-B] or [IV-(
5[Chem cal Formula 14] (Ra)ni (Rb)n2N Rc \-1 [IV-A] [0071] Another

pref erabl e enbodi nent of a conpound of the general formula [1]_1ncludes

_conpounds*b@&the follomnng*ﬁﬁgnula [ Cheni cal mul a 15] (Ra)hi (Ro)n2 mi(
M Rc va X i/Xb 10[ 1 - ”[ 007 2] Anothe v, rabl e enbodiT of a
conpound t eneral f or'mul NI] has JA AK2 andie | a
|nh|b|tor ec mell[% i A b|t ff%??ﬂ\%b zkgiar a
compound ofN the(gene formul a [ al | f JA JKRQ TYN
i nhibitory effects. [0073] e " harnaceutm acceptable galt" of a
conpound general fof, ], whichllis |0 15 ref er¥e s t he
present ceqpound hereinaft be any at ﬁalts of th nt
conpound and i ntludes a salt mﬁﬂh an inorganic acid, an orgamic id, an
i norgani ¢ base, an organi c base, an amno acid, etc. 14 [0074] The salt

with an inorgamic acid inch

es a salt with hydro hlorlc acig, nitric acid,
sul furic aci

hydrobrom c agj d, stc. e salt

Wi th an Cld |ncIud nsalt with o al Atid, "mal ei hd, citric
aci d, rlc ad ‘lactic faci c acid,_sugciyic acid, E i-e~aci d,
acetlc aC| ri roacetl N ci g¥eoni ¢ afli d/5agcor bi ¢ Rel d, NN
net hanesul f nlcOaC| ‘\benzen sul onlc cid, enegul f oni aci8, et cN.
[0075] The h™n |n& base |ncI é§ soyi sal N Si um
salt, cal d] uplsa t magnesill , anmmoniu ﬁ etc e salt
with an orgs |cﬁbase |ncludeN a Halt w th net yIaH1 dlethy anﬁne

trimet hyl

triethyl ﬁ#ﬂ@“@?ﬂ&ﬁ%1§ﬂlne dlethanolanlne trlFthanoIanlne ethylenedlanlne
10tr|s(hy G net hyl ) net hyl ang dlcyclohexy am ne

N, N - di ben Iethylenedla an|d|ne yrlﬁrme, pi col i ne, e,

ci nchoni nf, uni ne, -The t W th no acid in na salt
wth |ysi ,/ar@Vnthk asp Tic faci &N gl ut '55aa d, gtc.. ordi ng
to known n8t hod® eath salt may be oblai ned by react | a co of Rne
gener al la [1] h\an\lnorganlc ba an organic'b
inorganiC|acidf\an or gani or an amn [0077] Th te
refers tokaf' rial wherei™ sal vent nol ectH. eg~egor di nat e wi npound

of the general*?ornula [I] or a pharnaceutical | ydacceptable sglt ther eof ,
and includes hydrate. A preferable solvate is a pharmaceutically acceptable
sol vat.e |n£lud|ng 1 hydrate, 1/2.hydrate om,c2 hydrate of a agnpound of the
general for [I] 1 hydr of Y sodi um sal t a conpound of rthe genera

formula [ jm: 1 nethanolate_ et hanol at Nl acetonitrilat Nof a
conpound &f t»he}p’h& J/?U%LL,\ 2/3 e hagol { 2 hydé a
conmpound o Ntheogen for | agf 1]} etc. re ref bIe SON at

hydr at e of conpound of th ra\\fornul ]. Accordlng t knomn

met hods, i&§b VRt e thereofl} be) ob¥ ai nedV A conpoufd Bf R e
general f ] al so exitgtsTms varlousL\l rs". Faor e

259eonetr|c i sofrer t hereof inclUdes E- and Zleamers I case thaH any
asymmtrbpasamwau@aﬁm EBhRL alt R LPRLGARBRD5Cd on such carbon atoms

i ncl des t1omers and di aster eomers. I n case t hat any chiral axes exist,
a stereo¥ﬁg q%sed aon Fuch axes exists. A taut r may exist _as the case
may be reonF? mmachical cgpRosifion; §pPRFIag M ompAMEA O BH Oé?le '9d2¥ora| | these
i soners ApRIMAceHisally pecepiabie éaétfthe’TWQPOlﬂat%B’ﬁﬁeﬁ Al dphapaseyfisplby aeeptablerpatrigr.[ | |
may be al®84] abelled by isotopes (e.g., 3H '4C, 35S, etc.). 30 A

pr ef er abl[22] c odplaowsckioke inhditgrecvarpaiking tie ruinpount bf &ty oae pfaf wae@EWr acal | y

accept abbrarmatdutié e beRptablekal@h S VRE Soltfieterbs i s substantial ly-purified
conpound @ﬁ5}he general formula [I] or a pharmaceutically acceptabl e salt

t her eof, a of r bIe one.is a,.co und of the
gener al \{(ﬁ) BET%QIIM'?&%P‘%% eoeit?rn%cll@'{]t‘f’%alﬁly LS KPR ﬁg‘éflktmn‘g reof, or a
sol vat e aPEof which is purified in the purity of 80% or above. 35[0080]
In the pﬁé@enﬂhFﬁv@ﬁbpﬁﬂmmb%wQﬁﬁﬂgwﬁﬁﬂaﬂ@éwwéwmﬁﬂﬁJﬂwﬁh@@mbraI formul a
[1] Yay b®33) so a useful drug. The "prodrug" refers to a derivative of the
present conmpound with chem cally or netabolically deconposabl e functi onal
groups which is admnistered in vivo, followed by converting into a
correspondi ng parent conpound by hydrol ysis, solvolysis or physiol ogical
deconposition to show original drug efficacies, and includes any conposites
wi th noncoval ent bonds and salts thereof. 40 The prodrug is utilized to
|nprove absorptlon in oraI adnlnlstratlon or to target at |ts target site,

o, e r



[0082] A nodified group for carboxyl includes nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, tert- butyl,pi val oyl

oxymet hyl , car boxynet hyl , di et hyl am nomet byl , 1- (acetyl oxy)ethyl, - (ethox
ycar bonyl oxy)ethyl , 1 -(i sopropyl oxycarbonyl oxy)ethyl ,

1- (cycl ohexyl oxycar bonyl oxy) et hyl, (5- 15 o

net hyl - 2-[8Xo- 14 Bempeiis ot preveniveeaepnt| fonsedisepse splaeted drorp thegrqup carsisind P pigrst hyl | -
di et hyl cdrapsmany terstidny kraft yersirdiostdydctiorafeer trafjspRBafonAautmidinfune disepsg ajerfior ani no
i ncl udes disnde-abdithrbnic dpdqsaliferplive diseusz] apntpmeing yHe@Eyipoumt anyly, onb ek | @dedarpy| |
pent yl cargaammyéutically-ab&blapk b4l Berdof| @GaLWaRARARF Pr OPYl carbonyl, 1-sulfo-1

- (3 -ethgyyzgd- Shydroxyphenyl ) met hyl, (5- et hyl - 2- oxo-1, 3

- di 0x01- 45yl hyl , (.5-nmet hyl.- 2- oxo-1, 3-di. 0x01-4- yl ) et hoxycar bo ,
RN ks e i e e S
conposi tiogl[l 119 &@?/?fd’ég‘ ’Eﬁc%ﬁ“&%{ yﬁfﬁié lﬁ_ts?lbﬁ‘e? e aohvelghessol capsul e, granul e,
powder , I[B%:?ﬂmge, syrup, enul sion, suspension, or a parenteral preparation

such as d#fler atheppeyss onpichentive egppbir penripsis,icanprtingothe cemrsynd nhaal ondpfi) to
pul ndhar y2@jrong phdt®p08%A]ly ddveptphiasatraloeeti| a alsolenehesbt | on of the present
~inventioroomy be prepared by properly m xing a conpound of the general

formul a [ibd) ora ampiiad "RE eihibidk! Yards CRRLRD! @mpatihe t NEHHGErnD 0 2a S Hla¥ALE a

ther eof \ﬁh%pna@éutilsﬁg.s aﬁe%ﬂé r?gnroH{;'{DJf‘?tgé X&E@uﬁcﬁg of) L]x%'r %CO%L{%{‘:’?I%&&]ZM?&E&? taa(‘:te)utxec':,ally

carriers a EroF [ unt's cordi 0 “known

medi ci nal® St thereof P sqlvatg thegotent of a compound of the general formula

[1] b alp¥Hddmaceutically acceptable salt thereof, or a solvate thereof in

t he 15phd2facelleinegiod 0b2ph sheiemrihadeperidmsorn Jartus kidasdge f or ns, dosage

amounts, [ev42], and for exanple, is 0.1 to 100% by wei ght of the

conposi tijem. [0R8RIhodBEIPRALRRGEM h&:Alil¥e RGLRPLAN.e carrier” includes

various Gggwentional organi cdor i norganic garn ers }‘ordphar maf:egu cal f

- mat ey al e. g, . excipient. i sintegrant. binder, uidi zer, lubricant for
Tl T30 5 Galy i eSS LB i 5 PIeRb e el M Ao S0t e otreen

agent, tdROAIANY reerdian, emfifests heyotepition Fohdgarplaniahon. i aytaimmpne gheage.i Bigegic

Furt her, dasasgsldindi whrohinc myelpprglifarapre séiseabengecoapeining  admiaisteiingi tdant magent ,a a

col or ant ,phamssetitalyi difjctivg @ffounteyf the coimiind bf anyedeadt .[1] Q080 or HhgharBaceicohignt "

i ncl udes aolBRRalt BSOS soldaldBMEOl , D-sorbitol, cornstarch, dextrin,

m ?:r_gcr ys[b@,{é![]l ne cel | uf ose,h ?:r ystal li nF cell gl ose, cgr mel | ose, carnell ose
cal cium um car hoxynet b starch, W-substitute . o
hydroxypr[g%yl c‘g]lnileg}fogs , t’éfﬁ[[‘#/ga%l?fe@?nq%’gcr?‘?“%@f%e@ 1% S9MBY A Admnigrigg de 2

car nel | odeAmed rgrpharpaceuicaly jeffsstive 4maunt 5 dhesertmnond 96 a@nviene of dok ymbiohyer a
st arch, ehawwasuticdllyesepsbdsalnthercefogpovivaetereof.ow- subst it ut ed

hydr oxyprio@asl cel | ul ose, hydroxypropyl met hyl cel | ul ose, crystalline

cel [39 osg331et CA .metitA foPitREEI" of Peldties RUSERXYINRRE CRAINiIMLEOSR: to 2 mammal a
hydr OXyprp Mag&tﬁ@ﬂ Ce?ile!:twecﬁﬁ‘l%fmtpocf%héjQ&I?pouﬁl of anyCJ .Sotfi}]l t'oH%O]CoerI ! éﬂa?rrsxaeclt:utically
sucr ose, _ex%a%f Nt %t art[cJ , gﬁ/ atlep carmelT ose“sodi um” gum-arabic, etc..
30The " f IXFQAY &S PREP LSO PG e ®hhy dr ous silicic acid, magnesium

stearate [0 . The "lubricant” includes nagnesium stearate, cal cium _
st ear at e,[34]lal dJseef the copP@8 P! ayent obH]1V enf20herdi phadmareuticallyesceptablefsale thenaalt er |
et hagtol , apobpyltiefef Gl tycainufRed GThaus k@B BhiBikdr, corn oil, olive oil, etc..
The "sol L[b(_i)47';|]zi nlg agent" includes propylene glycol, D mannijtol , benzyl
benzoat e, st [ i ne. j C nate, sodiumcitrate,
etc.. [3?48 53[1218 uﬁesﬁ%ﬂ’nﬁe%gp%z{rﬁlgﬁﬁ%%gj es Iga%etzjgl koni um chl ori de,
carnello%gh hydroxyproﬂcheLluIQse,_propylene_glycol, povi done,

met hyl cellPRil osie Ugd %f&@'ﬁwnefﬁbfh@éﬂ@ﬁf kipgse ihapus kimps2." t oni ci ty agent" i ncl udes
gl uctse, [949br bitol, sodiumchloride, D-nmannitol, etc.. The
"buffer" [BTicl uttesf thedbupauny df agene phas ph@ad kor aphatinaseugicAlyateptagle@hltiiereof, or
c?r bﬁn?t CY soa@eéltrfmwﬁpﬂh& hakhfact@t 6f a _m-gﬁl@arﬁe?@fb't'r k}gmg Y sxrebénttihg;a‘ WERS s L RE ¥lom

al cohol , r v en inclhudes e .
par aoxybdllzBave it o Srell FASIL J9r @8Rkt MRt B Sl afaprpsion
sorbj ¢ adPgmmpyne diseasgealiergic discases i chiggiapyeloprlifratae disseitum sul fite,

ascdti c (48508, etc.. 45The "colorant” includes food dye (e.g., Food Red No.
2 or 3, H3%d Meselobtire Mompoatndpf Hiy ot of 1] tof [30] warphirenesutiedlly. accephable ssineteahbng
agent " i nableR$heSdE HMEY hihufdRflirditfa ldRAIBSTorUrah gy Yrdv Btk ARl Rato ASPRffiA e,
16 [0090] The pharnaceutical conposition of the present Invention may be
orally or parenterally (e.g., locally, rectally, intravenously, etc.)

adm ni stered to a manmal except human beings (e.g., mce, rats, hansters,
gui nea pigs, rabits, cats, dogs, pigs, cows, horses, sheep, nonkeys, etc.)
as well as human beings. A dose of said pharmaceutical conposition depends
on adm ni stration subjects, diseases, 5 conditions, dosage forns,

-, . e o o o Y -, .



[0092] Preferably, a conpound of the general formula [I] or a
pharmaceutically acceptable salt thereof, or a solvate thereof may be used
as the active ingredient of a therapeutig or preventive agent for
20rheurmatoid arthritis or psoriasis. [0093] Moreover, a conpound of the
general fornula [I] or a pharmaceutically acceptable salt thereof, or a
sol vate {#Bfkof may be used as the active ingredient of a therapeutr c or
prevent i y¥]agéist off the canpoomd of amy ehogfi[d] iof[20)at b pBarthhsatctls atdeptable saigthereof, or

pol ycyt heRbiaaty @edef i HielHnifa08@ Fh nktiRShent (RS2RMzIAbreldiinEBRG ENEeM &, etc.
due to |t[@)5§ K2 inhibitory activity. 25[0094] The phrase "JAK inhibitory"

refers t QN E(’)tnrug cxaf"FStéo%]%ﬁ)lf éA tharm i@ ear or..reduce.its activit
and |nh|g {ing GG o IRGFIng AR ¢ Dhiamced %Cé’fné’f”é%‘?necmﬁp,&w“ﬁnﬁ FtaSIr"VQI
is hurrar‘flgj‘ﬂ%“ ﬁr"?ff‘?%‘r“ﬁ}o ax ?ﬂeeqféﬂatﬁl[%o OJ Al RhampRehic lyr accepiablenglidberephpor 2

i nhi bi t opolvate thefeg) 98] (bTaednphpagkaze igsaiK 31 thelphbinageupical regfmpesitianovliiehhindicatenigpat

f unct i onsheophachi@itical @ipagp@amapbe ueduereshiotld L30REd ifot thy tredtEnteot rBleBtion &f
refers t encumbioldiatthfgs drpiislakions of , JAK3 under the conditions of test

exanpl es @3 escrr bed her ei nbel ow A pr ef er abI e JAK3 i nhi b| tory | s "human
JAK3 i nhi |to A bre q(rab 1%1 L unman

'[0096] The ' phf aserA AR °°’E‘%“S‘“g %l ?8 a§m?°8“ Nij r%’i’Ft"F‘H&“ ?‘ti‘?Péﬂ“%ﬁ% th8r‘@‘°‘jv/£|<2
to di sappgaidiet the seeqund t°§ anyeenen ti/ ] t oY Qs secpbpresceyticallyefcggpiablecsalt dperepftariy

f unct i onsoludte thewcof; amdié) atdmeg paskatetinson of gfe phestacexaripbmpositonIFdesindiciedthat
her ei nbeki@vphadnoeusbalr @bipssitichAlkdy balidai sroghpiildite sbdIfE@thd MAmbmhir Bré@hion ofA
pr efigr abki@umdibtizrthdiN RipbdHasisi S “human JAK2 inhibitor”. [0097] As an

exanpl e, E@Fﬁ@fb@%ﬁ ngleparl ng corrpounds for wor Ki ng t he present i nvention

is illus he net hod f

compouna! 13 b e S ees Rl PR By iﬁ%rnreggt SBEBI S active as
speci fi ed, PEPReas oy ProyERIySr 28R f?r EERo U SHAY Trisctiofy araft VeSS BY! irprePoR@8fng
any pr ot EatPRBREoEHEmIyng fiseasgncrallerais|disgrseinis dug 1 ita dAKA activityrenhitiiéan effect.
depr26t ec{003§] dMecdoveyr thapsventiveanifregercomsdinipg spiroeditg cognpamyd dfulcpre@ntedpplicationps i n
t he for nmeffafivé Bed thePh@RIdIS Prdrentive Qe 6t @Ron By €loMVIRkati i diSdas R 18 G ITARDS

i nto the,GRELERAMM AGccdesi rabl e functional groups at an appropriate step;
or interchangi ng each order of process and step. 45[0098] In each step,

each af t ed out in a conventional
%@é&gﬁs&gg

trEg\ﬂIrIé ocess may be optionally
sel ggt edﬁp) Frl%? aB‘gWésﬁf F%S’é-l‘ gre‘r‘réfarﬂc? PElaFng crystallizati on,
recrystal | i zathophrasg %R“PM“aﬁWtéhmteée‘rﬁ@lk“é&slbeﬁ casgp fhatbgjisytabitipasitienoage aphy ,

pr epar at swbstitkied @)d an¢ nad sehtvied funsostituted) wokie sujeet grapmTherpe (atsubsétutedf sfgs t 0
1C t o 40 sucha cas¢ XA supsGembiadosiBoeyaar abstimedviyt lidebgd) atofrem e shbjddt geag.at i on
Met hod of Conpersiempik,]«d, CheyTiopadnafie subbtitaed By the 64300 dHdiffRnt P 1o 5 fbstiidntsi ) \

St ego2N /sc$&c%a frond @rolp NQircNks boti BRdshat }sub(stlx:ﬂ? 91% dsitiohs bf (\J, o I are subsQtul eﬁ bgr he

?2?;’6133? eriif ex‘@l% 9E ttlthfggs ngeg@ rg}’?'g:]\ nrpno? statutex E)unsubrstltu
(nit roge és"EhFl °§‘f’%ﬁbrﬂ mélng‘fﬁ 8%?‘3 ah‘anglhlé’ﬂﬂe a%?’okf{lﬁimnﬁéio Q@ igg! aﬁt%en
atom RaP™ “"“nh?omkéc 9([5“6 ¥m- iy P and Re have the sane neani ngs as

defined in t h@h%ﬂl?}tﬁ%ﬁé ‘€ oraligl arefery to 11§ OrpeEd]- o1 bemzhegychiayn saturated hyGrmegrbemd.gf Va]
may 3be r eetvykdthwi prapXtosqpounyll bityh sobutylases blityk mri-butyli peetyh isepemd meofensyldase t o
gi ve ConptuipebpplMViedxyl, isohexyl, 1. Thitmabybaylf 2 BgiskhylbutN s, I-Giaethybityl, PG MRSy 1 AN

est er son§b1}sMghyla@h)etﬁe,ﬂ 1, agog;o@tqeetc a ket one sol vent -such as acetone; an
am de sol vent TRY as@SC d, lm?éfgy Cor b%c dCc E‘iﬂ Iun& & Yy dro légxkr} S

th | ; | { h
et hano con:kaxmiglltD orie or %or c\jﬂ‘)’lﬁ% dss e% \81%1 4z n’llexhé/lvn’r IHX% é‘ylca]ﬁyd’r'geft% Ven lt Z :’JC

ast | uene lcg fa % 1a

and ey Bactls e ae pEpemT, 2R | HARBY 952 arm FBUEHY L 0y

pref er ab methybpisay] (inglpdipg & rrreéra&h atﬁnx 1~ TR L -butenyl, 3-methyd-1hateayl, eled Perfenhe
r eact i onnichylparienyl, hexeaylhyieterabhevinyV, INnethylsiopl bpyopetyhyhegtiprepenplyete.di ne, 4-
di met hyl &958lo e plotasa &C, INHipidnk tefins poladivialest, groupt detivet fhyndlsteaxdhelehairsOdialkiyl as
hydr oxi deefife@biRs6,ielm2@Bhneak, ety dee, uiistiyldne GakRNdide, RALASE]IUE FRLROAALR,
sodiggm bearhonatiBylede! gﬁﬁg&b&ty pot assi um car bonate. The reaction

t t Ly 10C f | ,80C t
110G The re: Er%%“?;iy b IO RART G P M Beb Sy ko B BEM g BB o ol
about 3 A 6@? ﬁe“ifa 3(0101] |

The phrase “Cs.jg cycloalkyl’ refers to Ci.jp monocyclic saturated hydrocarbon, e.g.



25(Step 2) Compound [Vd] may be obtained by renoving PN of Conpound
[Vc] in a conventional manner of am ne-deprotection reaction. The
deprotection reaction may be carried out;py known nethods dependi ng on

sel ected protecting groups. For exanpl e, Conpound [Vc] wherein PN
is tert- butoxycarbong may be treated in a single or 30m xed sol vent of

chl or of orsiffloRiPRkamelobusylhgyiclopensl atyelohextyh aymdheptyk tyrdvoty), praditraiily Cef eyclowtikglh an
aci d i ncl(indiudigg byctirmoaplyl, oydlebusat icgslofeniyt, lcudsiaagieétt.s: aci d. : For exanpl e,
Conpound [P056] Tk @hmbatsitiitated nR@ORYdrodyElyDONTEYdi @ M GO hondBNerb cf}y g&ﬂﬂ@@@f ed
in a singb @ heerodfons skl & dviRnt mgt)geﬁlﬁ o, %ﬁ(%ematotin%r s@ﬂ?r%c% W \9 } as a%gﬁggm ?1}1(;1 yl
acetafe, (gt m} of {ﬁ‘@tc{;@gﬁ)llent rﬁx %torﬁsrk %qggﬁg@ nce

|| adi 2yl a“hém%‘r‘@ AEuiA 1
B?esgnlcg 0 5%"091 my R?'g% 80 gl’[“E] i ’%(I)Rée agyflfg/félﬁ&}é}cé%tyﬁhgd"m@nyl ©

sol vent Sé%za 1? t%éz éé‘u HHX%Z?m‘whdé*gxad?ﬁ "égxl rthiggnlipght thiazelidiad, eis¢thipzolinyl,
acet at e; 1$pthizelidieyls dmidazplingly cimidazoligined .o merazeliny hnpyterolidinyle rpipesidatyl, aiperidino
N, N- di net(nghdiog nhipeiédindl mbmbblislyl, s moxEnlings Uohluding e tHhangHolinyg)) eidisdmiethylent
suchllas dhiioremigling Gydudiga rdbiomsphvigiit), Spidtaas]t lpeRnas @nclllﬁillr%gqf@ﬁ&ﬁmyl)
hydr ocar hexehgdrb\ SndxagitlhodonofhaliRf BédpipcaziRteifBY be Used alone or in
conbi nat if@usoPThephedse n@;”ﬁill&@(ﬁtr}aﬁ@toe p&ﬁfxéfﬁ Qphﬁana{%h\éﬁﬁﬁ E%n&ﬁ?? Qi?oxy,

di oxane. e{ﬁbﬁy §;§‘ox95fsgp1‘o ‘B o Clts(ﬂ w%\b ﬁgil_ t&lig :tgt ¥S%§‘P§¥ h’ﬁ&émy éy,

4- di net hyl [11
pre rabI Y % ne%pen k’xﬁ' lt?ly%%{ﬂi)%éh‘ Hlé?Wé Yction tenperature is usually
r oo terrper at UfeP 85 ¥eerayl {Efep e BOw Visrdn 66s stghtt eraranahed-chiafe

i s usual P¥oBHobirds30oni Cﬁ@f”@é tRﬁ”?quy mpsthokeqagtiohyl, attberycatbanyl,4 phapexgearbonyl,
10[ 0103] lﬁlﬂeﬁopwaﬁmr@l Covqxocanepny\/d]isoratpx partoeglct adbuwixydartangdar bouykyarbasyld
conpound pentylexycahumht | Bogentydoxychaiongl r2e@ethylBitoydardors0) Vﬁ‘é%bedtfloi grbBygsence
of a condtpipiapex BBy, &ﬁﬂyl@cybﬁB&]yIQIﬁH e@%@@bﬁ?%n&i LiWherein Re is acyl .
The 20l veavis1 US8Ephriket-be, afll@ﬁ&mogﬂoi}nq ‘?@a %anio‘g%’?&&hér 16.C5 a]kyl binds

N, N- di rrewﬂ'éﬁl'tfogfflﬁﬁﬁhgﬁ’oxg ch?r? :?c%g/%x TOPIONYIQX: r'b %Xr%l Xy sogut 10 as C.

chlorof orm ang nryryse d 2 ?'rPap g'n%ly natT oo f oMY OFBrEof t hem
A preferaple Sﬁi g‘? atlf'u yl‘”éyaéfﬁeréﬁo ? &roup WaATTREY éb?V@Wt bings tpadxy gRarticularly
tetrahydla P ar BFd¥x8fe. The condensi ng agent used in the reaction

i ncl udes [404¢ke Preéeaphipsrabodumastsdpr saritgroyreing. compoundtdfiytie-generglFormula [1], which is also

- di rfét hy referied spasshpymiyssairdooupindihdrinafiety ove Hlustrdtalies beldwN -

di cycl oh&0g3lc arefrpabild emtddimetdispliRhiyitipftosphoryl azi de, carbonyl dii m dazole. To
t he reactlyon methylioe nmay be added 1-hydroxy-1H benzotri azol e,

4- di met hyham pegmeia@n)ec.. i f needed. A preferable condensing agent in the

reaction is C?fe?e?aﬁ;‘fé gﬁﬂomr&ﬂ Q)H?I mégée %nolﬁlt]e rofbne bove am dation reaction,
F

t he ;gar boxyl i re convérted into a correspondi ng
aci 360hl |de9re§era eemg)naxmea é’EE (4] f’%f:e and then reacted with Conpound [ Vd]

to give Cdnpoll '6‘ I[Pr [ 0105] For exanpl e, Compound [Vd] may be reacted with
acryl oni Ezrl | eflpgiing mp?‘ésence of a base including triethylamne, pyridine,
N, N-di i soprop!}lle&w cartiofianents o8ninglpddrincyetam pb0.4.Hpundec- 7-ene i n an 25ani de
sol vent i ncl uBlicfegabl, dbbdilimehis pf ho irnchude aeintddelNeBtie@irbinloas et ani de, or

aceBeni tril e PrefegibieenBotmRURES hb IncWaeheinke Beoﬂlsz Q,rppyl nitril e [0106] For

exanpl e, [06ePRWBA b MHn 19@ 5@@&&?@1) i},@“ & 381c- by a
conventi onal r)éf%hﬂ?ysks sFmECS\A%-} nt %‘I el n’ e S

al koxyca‘%bony0 ula %ﬁ Sh Eo?yé 88 with
al kyl f’“ ""‘c °r S 6?1%‘%&“: £ 8@%‘9??9 WésCPéIedPt ﬂhbétaut%bbng@R
Conmpound®f P 4 P% r??é“?@mél frcpredbat Abésst Bahgie, R' may be thy sameloe diffsroneandr ea
syntfiesi g@chitapd substiteipd amibg éar@fmm‘dim@t pasitione Rlrther, imemedt tbal ndii horkbovd, Rbpheny |
chl or of obaithe enteor diffeentdndyehche ardsabstititegaindhedsatieof GipfeRBYdosiEGAser Whi ch may be
sequent i @65 Xexltsed with Conpound [Vd] to give Conpound [I]. [0108] A
conventiqmpal dgpcratection of amne in Conpound [Vd] wherein N of Qis
SubStltU(tz d by= @H?éprot ecting group may be optionally carried out after or
bef ? dugL g Re. The deprotection may be carried out by known nethods
dependi ng %nbfg wﬁ_ﬁ protecting groups. [0109] For exanple, the

deprot ec a protecting group is p-toluenesul fonyl may be
carried out b@fefeFaéEtW@dlme@tﬁo% agt kal i i ncl udi ng sodi um hydr oxi de,

pot assi uh hydresgedetongesi um carbonate in a single or mxed sol vent of an

et her solvent such as tetrahydrofuran or dioxane; an al cohol solvent such
40as et hanol or methanol; water, etc.. [0110] For exanple, the deprotection
in which a protecting group is p-nethoxybenzyl may be carried out by
treating with an acid such as hydrochloric acid, trifluoroacetic acid in a
single or m xed solvent of an ether solvent such as anisol e; a hal ogenated
hydr ocar bon sol vent. such as chI orof orm an ester sol vent such as et hyI

e o o o



A preferabl e base used in the reaction is an organic base such as

4-di met hyl am nopyridine, etc.. 20 A preferable reaction tenperature is
roomtenperature. The reaction tine is ugually about 30 mnutes to | day,
preferably about 2 to 6 hours. [0113] For exanple, Conpound [VlIa] nay be
al so reacted with Conpound [VIDb] wherein Y is a |eaving group in a solvent
in the p‘@sengécof a base. 5The | eaving group includes chlorine atom

br om ne &awsmrefendiydb rrem atomsy| oxy and tosyl oxy, preferably brom ne atom
The sol vE6uSederatie t dngbodie@otsi ©fi Rhcinvldés bydramh deompl sandetslic Acagl, benzyl,
N, N- di metyubieheabas], pﬂjﬂer@ldi%th)ﬂéﬂrb/&xm 259161fAnAarSing X @iQicarBort Y, Oh @K &bny],
sol vent &laRdIRRydIRNIARRE 1 a:LIBIBﬁJx%th}Jl&rtﬂm(}lo@ét%ﬂe%lcglfbogylOr

&Drl\l—edl()];reki}l;dg%toé’e& ]% 5 etﬁcﬁg?ﬁgﬂﬂglcblgoxg m&ﬁ@ﬁryhgﬂar fnyl (S -me hox eghv{ajcﬁrbonyl

i nor gani b blcarboné'od ?ﬁ"@@%‘ﬁ my Cg{bggﬁl um caﬁ% °a§ Fom  +
phosphat & a4 5 %ﬁﬂﬂﬂw hospl’i‘§1t Xy%abtﬂ’i“ﬂﬁ?hblicérg?‘ti’énat e, PBiepkangBicgbaBlassi ukn
car bonat &Y2nTREhylewlapPrpAN@rReaY a tBrEexYcarhgaylalN- gﬁhyl%bﬁmoehplércamn@thwa@ml

pr eflér abNycypensthytcerbpmexdt U¥.&-mah@G@nomSiyicarbaagt,i OLN mettyldysnaggiykhibymafdod- 30
m nut es pwpdnyttasbampyleprefeablly yyalooathyRarbonyd, Hyotok gmethyddatébinyl Sicgimoi@ylcarbamoyl.
Conpound[(0¥71C Prefiybld embddamdnehfycompe @it &Mt @Rkl EralukeM heddd aMgRIERf i a
sol vent ﬁﬂbun@fgﬁﬁ§§nce of a base to give Conpound [VIgH 20A preferable
sol vent I&mF+Q§m1qgctlon i s tetrahydrofuran. The base used in

t he reaction % base s ch as I|th|un@$g‘sopropylan1de l'i thium
hexanet hyl dlél|@ de, potaSS|u nhexanet hyl i\l azi de, sodi um hexanet hyl
di sil azi q@® %ﬁodl drldB Jnpot a S‘Pn1tertfb% ofrz preferably [ithium
hexanet hyl dj A pretsr reacti on A\e! rature is about -80C to
0C. 25The repcti r*{tine is ugual lly agut 30 hinytesrto 1 day, preferably
about 2 to 4 fs.R§ 0115] ( 3a) carboxylic acid noiety of
Conmpound [VId] |may be converted into a carbangte in a solvent to give
Compound [ Vi U aCOﬂVEFSI XMes ac tighal Curtius
rearrangenen|.\§ A bxeferablﬁ\re gehubused pt re@ction is

di phenyl phos zi de sol vent g the reaction includes
an am de solvent suétch as N, N—dwnethylfornanld anHal cohol solvent such as
benzyl al cohol jjan et her solvegi jsuch as dloxaﬁgg a hydrocarbon sol vent
sucH5as tol uene,” and may be us J alone or in a nbi nati on of 2 or nore of
them A Wé$]er‘\&49m@01§1dlo\fémgemenal formutad He includes mefarably xedmpaingdtof 61e gofiersl ddroelae
and benz{ll-Ail[0ier [II-8HA pref erabl e base used in the reaction is

tri et hyl poHefigcal Adi@ulagapti on tenperature is usually roomtenperature to
110C, preferab& about 80C to 110C. The reac on time is usually about 30

_m nut es to 2 dayS\\ ref eral®y Rbout 2 houyrs " y An additive including

4- di net hyR rfégne may |fﬁhéeded 0116] (Step 4a)

The ol efin et Conpo may be d into hydroxyl to give

Cbnpound [VHEm conver Si \lllustrat d [ he following Step 4a-1 or
as an exa [RL17] 45 nﬁﬁund [Vie] may be treated

|n a sol vent

y an ozone oxidation, follomed by a reduction to give
Compound [Vh« AN

may be iel out according to a
conventlonallnet | vent qsfd n Yhe ozone oxidation is a
m xed sol uti G N21 met han The reaction
tenperature in therzone oxidatioH is usually aboHt -100C to OC, preferably
about -80C t ‘g C. 1.1 The reactio kﬂne in the ozone oxidation is
usual 'y about 5 nlnutes to h urs preferal } about 515 minutes to 3
hourd. Awﬁ?éf r%PEI*P@“?OeaE,éﬁtgeagré’d fqriula AT} étﬁuléfﬁ pisferablys @ ciomprwns ofhibd raenesal
The reacforsna{lEibdtBire (HrCk he reduction is usually about -100C to room
tenperature, preferably about -20C to OC. The reaction tinme in the
reduction is usually about 30 mnutes to 6 hours, preferably about 1 to 103
hours. [0118] (Step 4a-2) Compound [Vie] may be treated in a sol vent
by a hydroboration, followed by an oxidation to give Conpound [VIf]. 15The
reagent used in the hydroboration includes borane-pyridine conpl ex,

bor ane-di net hyl sul fide conpl ex, 9-borabicyclo[3.3.1] nonane, or a solution
of borane-tetrahydrofuran conplex in tetrahydrofuran, preferably a solution
of borane-tetrahydrofuran conplex in tetrahydrofuran. A preferable sol vent
used in the hydroboration is tetrahydrofuran. -



The reaction tenperature in the hydroboration is usually about -20C to room
tenperature, 20preferably OC. A preferable reaction tinme in the
hydroboration is about 1 to 4 hours. [0119] The reagent used in the

oxi dation includes hydrogen peroxi de or sodi um peroxoborate nonohydrat e,
preferably sodi um peroxoborate nonohydrat e. The reaction

t enper at uCemigalttleanuxl Pat i on i s usually about OC to room tenperature,
preferably 25r t enper at ur e. preferable reackRron tine in the oxidation

i s about hou 1 day. [Oléﬁr\ Step 5a) PN2.,anong PNl and PN2 nmay be
selectrve“? vied|from Conmpound [VU by a c veﬁT]onaI 30 am ne
deprotection FreNsi m | ar Tjﬁﬁeﬁ—Np t he abgve JPQW 2 of Ceneral
Preparation thod 1R% gi ve{CongoundRkq VI g] . | The depm@tectlon may be
carried out byhkﬁomn met hods g%nding on selegted protecting groups.

[0121] (Step 6 35Conpound [VIg] may be treated in a solvent by a
cyclization, d by an tion of i ve Conmpound [VIh]. The
cyclization y rried Ogt i rodu0|ngea [eay ng group into hydroxyl
of Compound [ M a sol ve resen N/ base. As an exanpl e,
Step 6a-1 or 2 is ilflustrated as beHOM/ [0122] 40($tep 6a-1)

Conpound [VIgHHnmg be react ed[mi-Bp carbon tet ﬁbg m de and

tr|phenyI phi I ernatlv chl ori de i

the two rfeg@; 'g§ &I‘é OZ% t’ ((thera] f% %ggf\g lgﬁg‘gesdtr nféraBléfsae C?IBP%‘B%O&}% 5??6”‘

i nt roduct’PBH"d ] up and a cyclization in one step. A preferable
sol veht d§@ﬁnFﬂFPﬁ%ﬂ%eﬂctlon i s dichloronet hane. 45A preferabl e base used
in the reactioRdg triethyl gaine. A prefer&le reaction tenperature is 0C
to roonttenperatUL The readk_og_tine E@_L |y about 10 minutes to 24
hour s, 2rab|y out 30 mn stol gﬁEOIZB] (Step 6a-2) The
|ntroduct B tng g ou §nd the £ycy1'Zzation may be divided in two
steps. A pref ab er agent d i R° theZEb?godd%tlon of a leaving group is
nethanesulfonylfthlorlde 5Ahbreferable sl vent used i.n the introduction of

a | eaving group s chl orof or A preferable base used in the introduction
of a IeaV|ng tri eNAy reaction tenperature of the
introduction |ng tou is usua y bo OC to room t enperature,

preferably 0C Arpre erable Ne€actNon time of the introduction
of a |eaving group |§ about 30 nifutes to 2 hdlirs. 10A preferabl e sol vent
used in the cyrviAdation is N[Nvdﬂnethylformauqde A preferable base used in

t he cycll o) hydr. i reaction t r re of the
cycli zat g@ %oﬁ;;{r?%*#%“ oo omprunp e e BrafE A bR Hcotpouds
preferabF’ é%&%ﬁ‘ of the cycllzatlon is about 10 mnutes to 2 hours.
15[ 0124] [Fheniey)Epmpal donpound may be introduced PN3 by a conventiona

am ne protectRm to gi ve Conpound [VIh]. The amine protection nmay be
carried oy, by knewn nethods depending on sel ected protecting groups.

For exanp %2@1 onpound wherein PN3 is benzyl oxycarbonyl may be obtai ned by

=z

treating w th | chloroformate in a hal ogenated hydrocarbon sol vent
such as chl or fo nt\ i chl oronet hane in the 20presence of an organi c base
such as triet nlne Step 5a may be abbreviated, and then, Step 6a-2 may
be carried out [0125] (Step 7a) PN1 anong Pm and PN3 may be sel ectively
renmoved fro ouxd [VII1] by a conventional 25 am ne deprotection in
the simlar nnefr t bt he above Step 2 of General Preparation Method 1 to
gi ve Conpoun he deprotection may be carried out by known nethods
dependi ng on s ect d protecting groups. [0126] Either Conpound [Va],

[Vc], [Vd] or in General Preparation Method 1 or Conpounds [VId] to
[V'|M)|n GEner Preparatlon Met hod 2 nay be optically resolved to give an

optical | yo@ry |Mﬂth310§@féﬂihlén§nbodlment of IQ@mQ&In'dQﬁlthcr Eél@tlaptdrf%ﬂla' ['i‘]cllxa%'qgﬂlaand/or

met hod V‘hﬁﬁ@'zﬂﬂd/&a ifhiby is\a/ as% 33fhiR gf? yMa?e Ir\e/f%raglm a corﬁlpound
conpound FhE. genera? rmulf.?lllé% bltor)ffgg—m

fo
dlastereg&gﬁﬁ%l 1§§ﬁ$? dﬂggf ?g%wéf Be desalted ina
convent i AnRiarpaseyicglly asentatls s gkt ?WOWGG%%FHFWJ ulg Iy, .whigh is also
(-) -15s omapfered b@ﬁﬁomeqtvpopomwewaﬁwepay belatyyaterdo prlts of therpresprs coppaiuad end
350pt i calihojudge b isalewrlmam @ocganigownid an pQRART Jacidhan inpighealbhsg; acbrigyée Ba¥e,N@ amino
conpound acidgdteides (S) - (-) - 2-am no- 3- phenyl propan- 1 -ol, (R-()-2-
am no- 3- phenyl propan-1-ol, (-S)-(-)-1 -(1 -naphthyl)ethyl am ne,
(R-(-)-1-(1-naphthyl )ethyl am ne, ( 5)- (+)-2-am no-2-phenyl -ethanol
(R)-(-)-2-am no-2-phenyl -ethanol. [0128] The sol vent includes a ketone
sol vent such as acetone, nethyl ethyl ketone, methyl isobutyl 40 ketone;
an ester solvent such as nethyl acetate, ethyl acetate, isopropyl acetate,
-isobutyl acetate; an ether solvent such as isopropyl ether, :

T T 1



[0129] Additionally, a conventional nethod for enhancing the optical purity
may be optionally carried 45out. For exanple, a recrystallization nay be
r epeat ed. - An alternative nethod fgy the optical resolution includes
a nmet hod wherein racemic Conpound [I] is treated by a chiral
stationary-phase colum to separate desirable optically-active Conpound [ 1]
from anol{&ﬂiﬁ] iThe pedtr witthar iporfganic 23d [rolide a JaltontrhatiroBll enxaacat, nituic adit, lnd6hri8 Jacid,
[ Chem calphdsphariglaaid li8drobrontiabei®aidd0C [VIT al[VIil b]l[VIl dI * Step 3b
/-N . N4 P Pcif@salt with arl Mighni€hcid Vcludéd a salt wit] &hBd heid, 24aldiChEMNI AL 25O MM
19] St e_ﬁciz,tlamc'aci(i, %ﬂd‘acﬁi}@uéﬁ%u@ tartafP a§@, am:tlic a@id[”giﬂ)um’oguﬁc acid,%ﬁil‘ auh'l,
PN6 [SVI | a&:]orbic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc..
[0075] The salt with an inorganic base includes sodium salt, potassium salt, calcium salt, magnesium
salt, ammonium salt, etc..
The salt with an organic base includes a salt with methylamine, diethylamine, trimethylamine,
triethylamine, ethanolamine, diethanolamine, triethanolamine, ethylenediamine,
10 tris(hydroxymethyl)methylamine, dicyclohexylamine, N,N’-dibenzylethylenediamine, guanidine,
pyridine, picoline, choline, cinchonine, meglumine, etc..
The salt with an amino acid includes a salt with lysine, arginine, aspartic acid, glutamic acid,
etc.. ' : _
- [0076] According to known methods, each salt may be obtained by reacting a compound of the general
15 formula [I] with an inorganic base, an organic base, an inorganic acid, an organic acid or an amino acid.
[0077] The “solvate” refers to a material wherein solvent molecules coordinate with a compound of the
general formula [I] or a pharmaceutically acceptable salt thereof, and includes hydrate. A preferable
solvate is a pharmaceutically acceptable solvate including 1 hydrate, 1/2 hydrate or 2 hydrate of a
compound of the general formula [I], 1 hydrate of sodium salt of a compound of the general formula []],
20 1 methanolate, 1 ethanolate or 1 acetonitrilate of a compound of the general formula [I], 2/3 ethanolate
of 2 hydrochloride of a compound of the general formula [I], etc.. More preferable solvate is 1 hydrate
of a compound of the general formula [I]. According to known methods, a solvate thereof may be

obtained.
[0078] A compound of the general formula [I] also exists as various “isomers”. For example, a
25 geometric isomer thereof includes E- and Z-isomers. In case that any asymmetric carbon atoms exist, a

stereoisomer based on such carbon atoms includes enantiomers and diastereomers. In case that any
chiral axes exist, a stereoisomer based on such axes exists. A tautomer may exist as the case may be.
Therefore, the scope of the present invention encompasses all these isomers and a mixture thereof.

[0079] A compound of the general formula [I] may be also labelled by isotopes (e.g., 3_I-I, e, S, etc.).

30 A preferable compound of the general formula [I] or a pharmaceutically acceptable salt thereof,
or a solvate thereof is substantially-purified compound of the general formula [I] or a pharmaceutically
acceptable salt thereof, or a solvate thereof. More preferable one is a compound of the general formula
[I] or a pharmaceutically acceptable salt thereof, or a solvate thereof which is purified in the purity of
80% or above.

35 [0080] In the present invention, a prodrug of a cdmpound of the general formula [I] may be also a
useful drug. The “prodrug” refers to a derivative of the present compound with chemically or
metabolically decomposable functional groups which is administered in vivo, followed by converting
into a corresponding parent compound by hydrolysis, solvolysis or physiological decomposition to
show original drug efficacies, and includes any composites with noncovalent bonds and salts thereof.

40 The prodrug 1s utilized to improve absorption in oral administration or to target at its target site, for
example. Modification sites for the prodrug formation include any reactive functional groups of the
present compound including hydroxyl, carboxyl, amino, thiol, etc..

[0081] A modified group for hydroxyl includes acetyl, propionyl, isobutyryl, pivaloyl, palmitoyl,
benzoyl, 4-methylbenzoyl, dimethylcarbamoyl, dimethylaminomethylcarbonyl, sulfo, alanyl, fumaryl,

45 or sodium-saltified 3-carboxybenzoyl or 2-carboxyethylcarbonyl, etc..

[0082] A modified group for carboxyl includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
butyl,  pivaloyloxymethyl,  carboxymethyl, dimethylaminomethyl, 1-(acetyloxy)ethyl, 1-
(ethoxycarbonyloxy)ethyl, 1-(isopropyloxycarbonyloxy)ethyl, 1-(cyclohexyloxycarbonyloxy)ethyl, (5-



m'( Step 9b#COOHStep 10b NH pN6 ml' ( nR2 (#& N H O pN6 [VII ni [VII O]
pN4, pN5, pN6 and pN7 are [In the above schene, a.protecting group of am ne,
preferably benzyl, tert- butoxycarbonyl py benzyl oxycarbonyl; pcl is a
protecting group of carboxylic acid, preferably tert-butyl 5 ester, nethyl
ester or ethyl ester; Hal is a halogen atom nl' is O or 1; carbon atons
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a conventd YR bynesight pf the gemrosiSan-by a rearrangenment to give Conmpound [Vile].
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15[ Cheni IGTOCEYSE ege ?se alline cellulose, carme ose, carmellose calcium, sodium carboxymethy
starch, low-substituted hydroxypropylcellulose, gum arabic, etc..

25 The “disintegrant” includes carmellose, carmellose calcium, carmellose sodium, sodium
carboxymethyl starch, croscarmellose sodium, crospovidone, low-substituted hydroxypropylcellulose,
hydroxypropylmethylcellulose, crystalline cellulose, etc..

The “binder” includes hydroxypropylcellulose, hydroxypropylmethylcellulose, povidone,
crystalline cellulose, sucrose, dextrin, starch, gelatin, carmellose sodium, gum arabic, etc..

30 The “fluidizer” includes light anhydrous silicic acid, magnesium stearate, etc..

The “lubricant” includes magnesium stearate, calcium stearate, talc, etc..
[0088] The “solvent medium” includes purified water, ethanol, propylene glycol, macrogol, sesame oil,
corn oil, olive oil, etc..

The “solubilizing agent” includes propylene glycol, D-mannitol, benzyl benzoate, ethanol,

35 triethanolamine, sodium carbonate, sodium citrate, etc..

The “suspending agent” includes benzalkonium chloride, carmellose, hydroxypropylcellulose,
propylene glycol, povidone, methylcellulose, glyceryl monostearate, etc..

The “tonicity agent” includes glucose, D-sorbitol, sodium chioride, D-mannitol, etc..

The “buffer” includes sodium hydrogen phosphate, sodium acetate, sodium carbonate, sodium

40 citrate, etc..

The “soothing agent” includes benzyl alcohol, etc..
[0089] The “preserving agent” includes ethyl paraoxybenzoate, chlorobutanol, benzyl alcohol, sodium
dehydroacetate, sorbic acid, etc..

The “antioxidant agent” includes sodium sulfite, ascorbic acid, etc..

45 _ The “colorant” includes food dye (e.g., Food Red No. 2 or 3, Food Yellow No. 4 or 5, etc.), B-
carotene, etc..

The “sweetening agent” includes saccharin sodium, dipotassium glycyrrhizinate, aspartame,
etc..



Hal CH3 Step 3b2 Ha [0136] A preferable solvent used in the
rearrangenent is N, N-dinethylformam de. A preferable reaction tenperature
of the rearrangenent is about 60C to 100z A preferable reaction tine of
the rearrangenent is about 30 mnutes to 3 days. 20[0137] (Step 4b)
Conpound [Vile] may be intranolecularly cyclized in a solvent in the
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{ogegenglr 2 r‘Aé? fﬁ(‘?ﬁ’g]% 5%68’&%"“36% i HReR AR @nsbIRE s The )r/eagent used as the
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t ri peny lapinay p fonexample, it refers to-inhibiting functions of JAK3 under the conditions of test examples as

described hereinbelow. A preferable “JAK3 inhibitory” is. “human JAK3 inhibitory”.

A preferable “JAK3 inhibitor” is “human JAK3 inhibitor”.

[0096] The phrase “JAK2 inhibitory™ refers to inhibiting functions of JAK2 to disappear or reduce its

activity. For example, it refers to inhibiting functions of JAK?2 under the conditions of test examples as

35 described hereinbelow. A preferable “JAK?2 inhibitory” is “human JAK2 inhibitory”.

A preferable “JAK? inhibitor” is “human JAK?2 inhibitor”.
[0097] As an example, a method for preparing compounds for working the present invention is
illustrated as follows, and the method for preparing the present compound is not intended to be limited
thereto.

40 Unless otherwise specified, effective preparation methods may be carried out by introducing
any protecting groups to any functional groups, if needed, and then deprotecting such groups at a later
step; treating any functional groups in the forms of their precursors in each step and converting such
precursors into the corresponding desirable functional groups at an appropriate step; or interchanging
each order of process and step. :

45 [0098] In each step, each aftertreatment of reaction may be carried out in a conventional manner, and
an isolation and purification process may be optionally selected from the conventional method
including crystallization, recrystallization, distillation, separation, silica gel chromatography,
preparative HPLC, or a combination thereof. The room temperature refers to 1°C to 40°C.
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[0142] 20(Step 8b) Conmpound [Viii] may be reductively am nated in a solvent
to give Conpound [VIIKk]. A preferable amne used in the reaction is

benzyl am ne. A preferable solvent used iy the reaction is tet rahydrofuran
A preferable reaction tenperature is roomtenperature. 25A preferable
reaction @ gﬁ is about 12 hours to 1 day. A preferable reagent used as the
r educi ng t is sodiumtriacetoxyborohydri de. %0143] Step 9b)
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depr ot ecEdlgﬂ inthe simlar nner to t ner repara i on”'Met hod

1 Step 2 S&oa?gr ve Conpound [VI1o]. The deprotection may be carried out by

kno dependr n(ﬂ on sel ected protect n? groups. 50149] [ Gener al

Pr epar at i on grﬁwn Py be oPta\x]Fql by r@p‘{ovx\g{g |P}’ Compound [Vc] in a conventional manner
of amine- deprotectron reaction. The deprotection reaction may be carried out by known methods

depending on selected protecting groups.
For example, Compound [Vc] wherein P" is tert-butoxycarbonyl may be treated in a single or
30 . mixed solvent of chloroform, dioxane, ethyl acetate, ethanol, methanol, water, etc. with an acid
including hydrochloric acid, trifluoroacetic acid.

For example, Compound [Vc] wherein PV is benzyl or benzyloxycarbonyl may be
hydrogenated in a single or mixed solvent of chloroform, tetrahydrofuran, dioxane, ethyl acetate,
ethanol, methanol, etc. in the presence of a catalyst including palladium carbon, palladium hydroxide.

35 [0102] '
(Step 3)
Compound [Vd] may be introduced R® in a solvent to give Compound [I].
For example, Compound [Vd] may be reacted with 1-cyahoacetyl-3,S—dimethylpyrazole in a



[In the above schene, PN8 is a protecting group of am ne, preferably
tert-butoxycarbonyl; pC2 is a protecting group of carboxylic acid,
preferably tert-butyl ester; Hal is a hal,ogen atom nm2' is 1 or 2; 5
carbon atons of * may be optionally substituted by Ra so as to be
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' chI or of oidr%‘nrd7 E%bﬁ%mP g(d,tlre, éeraétteg it %ky BOGRneE ‘Et‘babryo‘bﬁﬁ’“"en“o“al
t enpdr at SR CSIQBI!H%? tPé‘aYthOH’rHO‘H reli’s%df??%‘ﬁ’@ﬂ%ar‘@@ylm nutes to 1 day,

pref er abl y ab8uthe gbave ugapsputhesis, the 2EgpmBgsempPoynd| mayi h\?gilsscmhcumvbthc"ambgmmﬂ as
an addi t FMerofrayatbéo gipt elbyladatbamadkgalh-nitropheny! ¢htve whieh ial iba geqBentadiy mehc{ewwlﬂhh]
may be r€ampeadiVd]thgivs Coimbamd@nner to CGeneral Preparation Method Step

8b or | at@ost a c@hwean&m aéBr&ecti%Q PP aMRAE i @6&6&9@ NYuNehdén @p@ﬂoelimhbkt\{hde@hy 230

EXANMRLES B r re 0 eftion may be
specu:? fic 1[0% i&xﬁn %t e tgﬁzgﬁ?}iﬁi%é\ei%ﬁ Qﬁtﬁﬁﬁaﬁ%ge%%:d%& gln |ysb not
i nt ended@j(r% & g Ties in_chem cal

struct ur &4 %]f ?rI"FéaIB%I BTJ EpLotegfign i which 2 Bﬁoéeﬂt‘?gwgrf’%lsyalﬁﬁleé‘g fonylopayghe carried

Measur enét yé’iﬁﬁé‘ﬁé’f‘ﬁ‘s"é‘sa keHdndusing rigmdydwsie; rotastiem fixdrapHe sesiyre caboratsi ih ews .
35HPLC afiatly of wixedpadiant efanletier spranasucas tealydfirar orsbidnand; an aldphdSealiventsuch
di hyifir ogesetipnoisp hethend; watelr ett.e (23.4 g) was dissolved in water (3000 nL) to
be adj ustmdolt Bordxardpld, thy depstegioR ROSHEOS bfotcRh@grodPis P-ldoxyMB2sIUh &M arried
i nst r umepebytiRhfng Wt SMcruMARAY af RRSRATd, g}‘hdd'r&laetp etfigk ET@B@% olr'rrg)yéd%olvent
Chr onat ogf Qrpghgr)rsgmrﬂ%ﬂ&eas anisole; a halogenated hydrocarbon solvent such as chloroform; an ester
solvent such as ethyl acetate; an ether solvent such as dioxane; an alcohol solvent such as ethanol or
45 methanol; water, etc..
As an example, some synthetic methods of Compound [Va] in General Preparation Method 1
are illustrated in the following General Preparation Methods 2 to 4.
In the following General Preparation Methods 2 to 4, Compounds [VIi] and [VIIo] correspond



40Col um: DAI CEL CH RALPAK AD-3R 4.6 mmlip x 150 nmm Col utmm tenperature: 40C
Mobi | e phase: (solution A) 100 nM phosphate (sodium buffer (pH 2.1),
(solution B) methanol Solution A SolutiopB = 30:70 (constantly 20-m nute
sending). Sending rates of solutions: 0.5 m/mn 45Detection: W (220 nm
[0159] [Preparation 1]: Synthesis of Conmpound 1 [Chem cal Formula 22] 30 N
NN (1) Pi petompaved [Va43- di car boxylic acid 3-((E)-but-2-enyl)ester 1-tert-butyl
ester [Chi@miral Formula 23] 0 OH HO 5To a sol ution of

14t er t - byGenesat Brepaaych)Mahda Rper i di ne carboxylic acid (50.0 g) and

1- et hy1- 34 PELRW @w nopropyl) - carbodiinm de (45.8 g) in chloroform (500
m ) was added 4- di nethyl am nopyridine (29.3 g), and-the mxgure was

stirred for 50 minutes. To the gixture was added; (E)-but-2- endil-ol (22.1
m), and the mxtureowas stlrr*e/d at roonytenp ture for 1.5 j7rours To the
I

reacti on mixture was % Waqueous pom i um bi sul f at e 0l uti on (500
m), and the thLi s 1Y0 extractgg /th chloroform T papat ed
orgai nc | ayer wa' equent i al vy bvias he\ t\h sat wepted aque H\SOdI um

qghl ori de

bi carbonate s /(400 nd gayf | ed agueots sogi®u
sol ution (SSOCHr{n&LJ')2 h m aqueou%ml ayer was ext ract eg,jmvm th

chl or of orm (300 n1) agal n The conbi ned organi c | ayer was Elr S] over
anhydrous sodi um sut vatse, and concentr&tVé¢ Lnder reduced pressure. The
resulting residue was purified by silica gel colum chromatography (el uent:
n- hexane/ et hyl acetate = 7/1) to gl ve 15the titled conmpound (57.1 g).

1# NWR (CDCL3) 5 5.84%9,73 (1H m, 5 62-5,52 (14 'm, 4,51 (2 d. J =
6.4 H), 437400(1H/\ﬂ,395388(1H & 19-2.87 (1H, 0184- 2. 76
(1H . 248240(]44 ' 2.08-2.01 (.mef/g@vl 74- 1. 66 ("BMW

1.63-1.55 (11-1, m, 14@(9, Yo [O m2 ( NH,
20(2) 341- MeteApl - al rw iNpey i dit%éa 1, 3%g?§cabb03pyl i SRR 1. téz >buty| est er
[Chem'caI—FWu‘I?% )p(fOzO ®",Toya sol ution of R") N

pi peri di ne- 1, 3- di'cat bd xylic acid 3-((E)- b t-2-enyl)ester 1-tept-butyl ester
(105.7 g) in tetrahydﬂ’ofuran (1000 m) C@?L?g to -68C was ?qﬁed l'ithium

" hexanet hyl disilazi de/i(ell.1M 25 tetrahydr n sol ution, The
reaction m xture was warned to OC over 20 mnutes, stirred at the sane
tenperature for additi ona.J 30 mnutes, and then cooled to -68C again. To
the m xture was added, t.r

thyI5|IyI chI oride I56.6 nl). The reaction
m xture was warmed t®’ %]ure over (2)/&?urs and stirred at the
same tenperdPite fom? | Nonal ﬁ ours. Nce cooling, to the m xture
were 31 sequentiallylad edPwat er (L (1000 and ‘#¥ aqueous sodi um hydroxi de
solution (136 nl),®Ragd ¥ he nixture was @ wi th n-hexane (1000 ml). The
separ at ed aqueous | ayerf®was aci dified by 2Mtqueous hydrochloric acid ~
solution, and then ext §,a¢ ed with ethyl acetwatie (800 nil). The organic |ayer

was sequential ly was he WI b h vat er (700 mM) and saturated agueous sodi um
chl or i de [sdharbpomschadd Pt P, and Pk 4 pretesémpagradped amipeepafrabhytent-bumsycarbonyl,
ext ract etenayt herzyloyycadbortlaY és {yEeBylylo) a &gainp .grolib énchalivyi ch&flin® b@an beonisyf6mWwas
dried oveddir@niyd mbds o disyoxys w1 atEor 120EHLEONERN iRt @chyHRAEEstLRAUSAE so as to

ressur €pe i c ef 81U a3l b %o e n labove
acetgte 3 “ﬁzgg T B R o PR e Shhal YR8 o M e
c

filtrate entrated under reduced pressure, and the resulting residue
was sl url[gﬁg\]ashed wi t h n-hexane/ et hyl acetate solution (4/1, 200 m) again
to give £tevla) g (14. 4 (l; The 10solid was slurry-washed wi th n-hexane/ et hyl
acet ate sol ut CompewdlY ai@@?/r’ﬁe)coragaﬁmalthoesgmf@dt“h@ Gqmpoee DIhpumebi(ehtltoRiyy) .
The r esulCompoundd¥lad.ofty axewple,cCCanpoend fdal mby bdregasipoitinGorapcind [glb] wheteiNVRis
(CDA53) 8ydrbxyB0rDsofknt(id He pfasencd ofleohdddfing Afdnt f)d.a tas)6- 5. 03 (1H, m,
4.32-4.20 (1HTh&Yolved: &Od 1n?thc,81%a<(t113h|mcmlies 2 Sfidesolnt(sGbh asrﬁN d?xmg‘tg Horsr mfdl*Hm

m, 2. 19et%crjs%lv@1:lt|§ucms’ tet}larhﬁddroigarzé d hx;ld'r fb%n é%y&l}ﬂlch@ Chlg'l‘ flé?_‘( ?r!(_ll ma§')
1.07 3H eld al t?‘ m. re er\{)g o?ng t onis a
3-(1- netFX I 3‘%), er|8| %aéAtB zier?‘(f’tipl &deagy
[ Cheni caP? ‘ieéﬁﬁuc °’§eed crystal of a salt of an
opt i%al | y- act Pvisefg 6‘ 6 NHFE agey tlls Fy reagitipy ) waiir selpblacgrgodiingde (e.g., 1-ethyl-

di car boxyt(® cdlmeﬂlﬁlamlmempylbmbytﬂnreéfthbfdrthtOth)Réte( ) - 2- ami no- 2- phenyl - et hanol
[ Chemi cal For rurefe@ble base uRi3n (hbrédetidiyb at dbrghnipbdse ficl a1 dilneln/nGAsp9a s, ief..
acid 1-tert-butyl ester (2.0 g), isopropyl acetate (10 ml) and i sopropanol
(10 M) were mxed to dissolve. To the m xture was added (R)-(-)-2-am no-2-
phenyl - et hanol (484 ng), and the m xture was stirred at roomtenperature
for 24 hours. The slurry mxture was filtered, and the resulting solid was
washed with isopropyl acetate (6 m) and dried under reduced pressure to
give the titled conmpound (735 ng). 30[0163]



(3)-(2) Salt of an optically-active conpound of
3-(1-nethylallyl)piperidine-1,3-dicarboxylic acid 1- 3? tert-butyl ester
wth (R)-(-)-2-am no-2-phenyl - et hanol

3-(1-Methylallyl)piperidine-1, 3-di car boxg/q ic acid 1-tert-butyl ester (106.6
g9), (R-(-)-2-am no2-phenyl-ethanol (31.0 g), isopropyl acetate (480 m)
and i sopr opanol prc#fiblertaLtinaepdratieds ioomdeifspdne. at room tenperature. To the
m xture sol ut iTee réeondsledutiig S8RBoGHYSEAL 1901, Hrdtadbly abc(ﬁ)rc(elﬁoursand the 5

m xture ‘f@m?tﬁol”é choilng Aifa) P b8 L Yol Xii] B Sk ‘gﬁrﬁ@ﬁ% i Y9
n s

the tltl eav1 % 1n ventm es nceo XSIS O the resu

anaIyS|s con tpﬁ \Mth sho reten |on({ s vvas

a main pr oduct qvifg e‘i‘?ﬂ? P RGuie <LioBnE &P BOBHES aé?iﬂ»ﬂ?%%esatwewﬁ KHANG PHOXE, 48

M nut es) meerﬁ@bh@mlwtqm | onger retention times (retention time 10.70

m nut es) 10[ 01B4polyd) use@)n tpreagmhligcluges prvanido pponhshchfs N,N-dimethylformamide; an

3- ( 1- net letherbdlydn) piches didkane; d hBirchiadan Boxyt iscchamsi tdludnet eid mhyiby/hiseé atodé or in a

r ecover edomb@aidnlvE 2 bi ibreaf @e@f A(pidfefaBle solvent in thd Ractfdnli$ KM-@inRfhylféthratde. Was

concgntrat ed ufd@hseediug et rQic%§§ H{cﬁrdesa'ﬂldmg 91115 gsulstding SB&%Q%OW fﬂl%ﬁﬁjn

with et hXLrngga% aly 1u(115g1905§113te a Lﬁh%%ggten'ﬂf dluthglcgﬂ)&a %C :pguagsluﬁg
or gani

by the addlbtl Qn o ass e separate ayer was
washed with sat ur at ed aqueous SOdI um chl ori de sol Eél on éid-p(B‘F:oncent rat ed
under reduced P SReifndempegatyre is ysyally gopm {Gmperaiyielg | room {gmpeppure to

m xture WA concentrated under reduced pressure to gi ve the titled conpound
(75.18 g). The reagtion HmMRuse@DEP8Yt 3¥:mifutgiod dag, pfafdrably ayout B1O®h@Ir07 (1H,

m, 5.06{6L183 (1H, n), 4.32-4.20 (1H, nm, 3.90- 3.83 (1H m, 2.87-2.74
(2H, M, (&epM)2.31 (1H, nm), 2.19-2.11 (1H nm), 1.64-1.55 (2H, nm), 1.51-1.44

20(111, m, 1 Cﬂ)ﬁxp()l%jdl[VIeﬁ )maylbeq;ea{ea }ﬂ’y adcon'Jennor?al Eidieh- rez{nQJrMen( ) S1JenOh R

opticall réé&}c X?a g}g’%wgcto thy al l'yl )p| peridi ne-1, 3-di carboxylic
aci c50 ert rgls W é% am no- henyl et hanol [Chem cal

For rful a 27] % cra eso e use %leHuléY g ]‘gL obt ained in (3),
(S)-(+)-2-ani B??leét‘“né‘??a‘i“’“( g%ﬂée . bases e 25y Rthidge a%oeroevée@*dm g-hauﬁu

i sopr opaferaney ‘dW@SSr‘Hf&b‘H‘at“éthéﬁ dglride sediump detrmetihdipiteride.codipy hydridex ed

sol uti on mia@na@i@édmtomieseéerablyyﬁmah hotamagihpleddsilapd¢.3) - (1), and the mi xture
was stirred f oxpreférablehenation temipatsiels abpuri8ftod®°®as filtered, and the
resudsti ng sol iTte v@astionaisteasusohltyhabostOmipytks @0 lhftpeeférdbi abdu} 2 to4 &R ve t he
titled coppeynd (54.2 g). An analysis of the solid by HPLC anal ysis
condi tiongd, ghjowed that an |soner W th Ionger retentlon ti rres vvas a mai n

pr oduct . An I SI?]”%grbOXYI aﬁ%] r(1)101e r & éen&x{dﬁQ/tI(}] g rge t m% atcarbamitﬁ mibsolvent

m nutes) An i
rtlllS rearrangement

i nuj e) ¢ by |P’§)’e%?b°[“| des o
3- ( 3%et hyl al IAPTFEHER rrFa@Frﬁésef 113ﬂ’d|r‘éa&F%b‘§<§‘1PP@Y%Pﬂ>h9f-Yi @de. butyl ester

[ Chemi cal For rhite 8019@] used in the reactiofignciydes prt aroidé batveat suick es Norpiogthy! forinagide; an

- ( 1- met hylcahdlgblygit pemadbmylhlcshcd; aaetboxylvene sahiag dibxdrey 4 hydrgdarbes t@venasudh sal t
of (S) - ( Wiuchepdnid ey e PRRNYdre @k od Gdmtifedion 0f) ovRbR IdEtad A @relirbl€tdhent in the
acetate (&Rfodis FmixedRElude B holkedB4ndbehryl@aRehdihe nixture was acidified by the
addi4si on of p%aéﬁc}aumbme%eé&%%rarhsné%p e Or gani ¢ | ayer was washed

wth saturate chlor ri over. anh
sodi um syl é? anﬁp%noﬁe(r:n ﬁrta{r{lzra ésdusual OPb H@gﬁp‘%‘?g %E&g feézi?t{}}éxg‘?’i’gléﬁ iG (%d
corrpound 0 . The, crude Product vvas partially used in the next step

wi thout furt héﬁhe maﬁtiorn.t@m gally about 30 minutes| i 2R, piefocb) abgut Zhagp-te 1 gay. ( 1H,

m, 5.09-5. 07 Amadditing incl§dig$4-Findghyldrkinopyriding n@9 b4 uskd, if ddddedr) , 3. 90- 103. 83
(1H,40m , [@187-2.74 (2H, m, 2.39-2.31 (1H m, 2.19-2.11 (1H m, 1.64-1.55
(2H, m, ($tepda)l. 44 (1H, m, 1.45 (9H, s), 1.07 (3H, d, J = 7.1 Hz). [0167]

(6) Opti cal l'y- &t b PR AEPImASund TPRDZY) bOXNCALRMY b Beiod N
y1) i perydj @fi ls_lﬁﬁg} lntﬁf érﬁggqe_pitéwl £3h8karh wf%érﬁ R

To a refl U|ono actlve conp

3-(1- netﬂ I)plperldlne 1 3 dlcarboxyllc aC|d 1 tert butyl ester (9.0
g) dhd t K té?ﬁ%/?/ mne (8.9 mM) in toluene (90 M) was added dropw se

di pheny| phos pHmppundiVérd nag b treatyd Baeiolver byianpeens oxiaeon; &dlowedhy mioduaive tvwas
stirred fgor Qnpo@d [N&{ir Bheatzonereidat pembebparddiouesccadohg thepnvérgiosd] omethod.e
~added benzyl & eedi@hbld 16lvark Jus@inth dre cHonE bkRidhtiunl B3aPYitedi dRutiod ot drofork@nd

m xture was stirred for 33 hours with refluxing, followed by cooled to room
tenperature, and acidified by the addition of 10% aqueous potassi um

bi sul fate solution. The m xture was extracted with ethyl acetate, and the
organi c | ayer was washed with saturated aqueous sodiumchloride solution
and concentrated under reduced pressure. The resulting residue was purified
25 by silica gel coI um chr omat ogr aphy (eI uent chI or of or m acet one 20/ 1).

T 1

o I



35[ Chem cal Fornula 30] 34 A solution of an optically-active
conpound of 3-benzyl oxycar bonyl am no-3-(1- nethylallyl)piperidine-1
-carboxylic acid 1-tert-butyl ester (25.H3 g) in chloroforn methanol (250

ml/ 250 mM ) cooled to -78C was fl owed ozone air for 30 mnutes. To the
reaction m xture was added sodium 5 borohydride (7.5 g) in small batches,
and t he methamele was warned to roomtenperature. To the nixture was added 5%
aqueous sodi uMhbraaidaomapeata it th® bzond PRidatidn, isaraallyhedow A00Ceo ARG, préferadit ed
wi th chl esqt ®or {185>arl) . The separated aqueous Iayer was extracted with
chloroform ( l%ﬁe FhdioR %HeBn th@%@a&%mbﬁlﬁﬂs Qngﬁ'}nﬁ%u Ahiluted@e ?cﬁlgsu?r%ﬁ‘ér?ow about

washed V\Al Qn ? aqueous soI ut1on of sodium bi carbonate/sod

t hi osul fa e%“t&s( 21] wat.er nd 10% aqueous sodi um
10 chl ori de sé‘ﬁ‘ffi‘”“g ?ﬁ%‘q H‘Fl’gélddkﬁ\?é?s gﬁl“ﬂé&ﬂ’%)g” nesi um sul fate, and
concent r at ed %Ié‘?ac‘i“é’d trEwaragi %é%d heg redegfiony ’és‘m‘ﬂyn@bOPIeslgO@Ue (AROT UPTREraRe-hy
silica gefefadlvauchi6ratdgraphy (el uent: nhexane/ethyl acetate = 1/0 to
2/°'3) to give fTherenétioheichedn npotdudti¢riZid uGialjy about 30 minutes to 6 hokr§\FRfdrAHDCAIt Bto
7. 3707. 29 noé, rr) 5.54-5.15 (1H, m), 5.06 (1H d, J = 12.4 Hz), 5.02 (1H,
d J =1 148 ; 4.03-3.93 (1H, n), 3.84-3.64 (3H 1), 3.27-2.84 (2H, m,
21618 m, 1.66-1.59 (2H, 15m), 152145(1Hrr)144(9H s),

1.04 (3H 16 8 | a
- ani o %]% %06‘?‘3 0 17t o Rl E b i PR i vty
ester 85’ Oy, ‘a 311 -)0 To a solution of an

opt i éa| | y- act il0® '8 d’tﬁ?ijd”bfhe3h>t5‘éq‘?2w1@3<%&%dﬁbhwlaerﬁbﬁ6‘“§ ezl d PegRye-dimethyl
met hy| et FYpgd semplen, nicborabievsiabbf Inoeinac i at witiop uafyboranstieirahydrafuginggoniplex i
met hanol tetrd@@rafhrpn, peeferatdyl e dolt ) qf @bamdietrahydsufloamcdnihlék ig Jetralydebfirtae m xt ur e
was hydr ogenatgfiefedable o6ltenk asEae fit HyRobondRh iEEHhRabral essure for 190

mnutes. The n‘harréaaﬁmvve&pérhdu;eernet@le hdrosFRioRal ubiily %BSbtt E@cfdolx%&ﬂtt&nﬁ/@a‘%u}e
conczgntrg; gder reduced pressure to give the titled conpound (13.8 Q).

11 NI\/R(CDCB 3..87 H, 3. 86 : 374365(1H

. 3. 63@ Q%Tgiﬁgra‘élf’ea g%‘é‘m "3*1 ?ﬁb" °“‘%i§"‘/’z&g“7‘gk .. 1 70- 1,43
-(5H Yppeeeyt vl o @ %H”“‘B‘ ony incl Peeq g e(og)seswcafw 9ets ve
corrpound mopohydras; Wﬁferabyﬁioé‘iué‘z%gﬁp?%ftg@P?Wﬁ%ﬁf‘e 6-di carboxylic acid 1-
30benzyl est efh@repgon tdmpeydture gt de O{U@@mlmﬁualmhquﬂ ®C3@oonBiEmperature, preferably a
sol ubi onrein empagtiecal | y-acti ve conpound of 3-am no- 3-(2- hydroxy- 1-
met hyl et hyl ) piageéft:dbla ecadtionaiidiaxhd dxidaae id abok 1 huttyl dgster (12.9 g),
tri phenyf@hgsphine (20.3 g) and triethylamne (21.6 nl) in dichloronethane
(400 rri) prgaed to OC was added carbon tetrabrQOride 5 (25.9 g) in snall

bat ches. The @ N S stifred at for our,,
and 3ghe M X é?e%\%&asgc@o% %dyg %‘32( S%ﬁ%lveﬁtrﬁmovefi Jrem Orqlgo EW ff‘})yef1 ﬁvﬁ'ﬁloﬁel
(10 FOHIS FRTRIGHOP 10 e SIS | 63§°Vﬁ1 °p ‘E“ﬁ@ eWﬂPé% odsk forgiveg
at room Cempemdil{ig U depratiction eey brsaricd g Ry kpewasthedy depemiasm gu edericd
sodi um bptachemgewssol ution (125 m), and the mixture was extracted with
chl or of ot2{]125 ml). The separated aqueous | ayer was extracted with

chl or of oS35 m ) again. The conbined 10 organic |ayer was washed with

wat g5 (125 tomg&mq by 2ArtaluLh b dndl8y 8 QUMEZhRN, folidwedThy an ﬂrrbmt,&ver
anhydr ougNnB IR L& ﬂie,T r&gcn‘z %%Hﬁgr @J%%éd%%% E%h\&%%‘i PRI ilg)l i1fae

resultin d ronmato ent:

n- h)iggﬁgﬁ e %?tu%&)bdfj ipSh el G KULSIER g gBIY, 5

"H NVR ( daée?W39729(5H m, 517500(2H m, 432381(3H m),

3.48-3. 012H m), 2.80- 152.41 (2H, n), 2.24-2.14 (1H m, 2.11-2.04

(0. 3M, njSteptael7-1.88 (0.5H, n), 1.70-1.39 (2H, n), 1.57 (9H, s), 1.18 (3H,

d, J = 7.1 HzLomp@bd 1[VIg) bQy tdptrecal | witlachibee tewatpanitel aaf triphenylphosphine (or

3- met hy 1aller@nidlélp 2R&Rhdsolfchyd MA@ -place AF BRXWbirbagafis)tin k- BRBAYH 11RSrdence of a

20[ Chem gak tf&ﬁm &h 1§§Jdumnoofaleavmg§% @n@?éﬂtxia@@n 91f0n@rs]te ptically-active
5

corrpound of 34 Xgie}%x@ ng*l%%f@lueg A %%e?]?ﬁorofl car'boxylic acid

%nzyl ester | %/ orm (83 m) cooled to
4c Ms added A RE F‘ﬁ?FB?PCS 4, if Py Feas RS BRI ¢hi or of or m (28 ml/55 ),
and the ni xt ufP HEEDIGERAY RPN U5 o BopEEpEaEcand stirred for

addi tional 2 Rburesctiorignerisaeuaily gbent X0 orieutesds 24 dohwdpresraliy, abawiBOtrhigutet © Was
added 4Magseous . sodi um hydroxi de solution (90 ml). The m xture was
basified to be pH 9 to 10, and extracted with chl orof orm net hanol (4/1, 60
‘m x 2) twice. The conbined organic |ayer was sequentially washed with 5%
aqueous sodi um bi carbonate sol ution, 10% aqueous sodi um chl ori de sol uti on,
dri ed over anhydrous nagnesi um sulfate, and concentrated under reduced
pressure. The 30resulting residue was purified by silica gel coI um

chr omat ogr aphy (eI uent : chI or of or m met hanol 1 28% ammnl a water 90/ 10/1) to

o SN NN - B f NN SNA N\ = — AN = NN



An optically-active conpound of

3-net hyl-1, 6-di azaspi ro[ 3, 5] nonane- 1-carboxylic acid 1- 5 benzyl ester
(2.20 g) was mxed with 4-chloro-7H pyrrgla[2,3-d]pyrimdine (1.17 g),

pot assi um carbonate (3.17 g) and water ( m), and the m xture was stirred
for 4 hours with refluxing. The m xture was cooled to roomtenperature, and
extractegomsth chlorof ormtw ce. The conbi ned organic |ayer was washed with
wat er, 1Q8gpggous sodi um chloride solution, dried over anhydrous nmagnesi um

sul fate, a”d Qﬁx%%&xlc%&‘igfﬁ?&t%{ gfgﬁgtéﬁc?ga BAtdntn E@%J LidigyL esi due was
urified b s C “(ePue & orogeg et hyl
D e by o SR LT TR0 38?51%6 bt lsmeglgwé)l?% P he
titled conpouﬁopr forable s l)vemmrwﬁe intpductipn of a keavingereyp isehlerefarmny - 8. 32 (1H,
s), 7.40-7. 30A(rsﬁerahiebasetmdmﬂ@snt(oﬁmmnwf a legvigg grogp Binqipppming. 5. 17- 5. 07
(2H, m, 5. 04Th¢ 8ct{cbHempyraturd. of 2kedinBddugtidd, ofig leavingl drodp B Tasallly,abegt 0°G t7boB 68
(0. 5H, mMiempBrabife, prfdaflQ0&H, m), 3.39-3.32 (1H nm), 3.15-2.96 (1H m,
2.57-2.47 (1Hp ﬂfcragle‘l'éa'ct?xor&%né]-&(tﬁ)e iairtbdullion & azgav éb{it 30)minutes38 2 ho@O
(1H oM, 1.72, %ré@raﬁl%'éolvgatmseh 1]]'&16%Y(%§at %ﬂz ﬁodm{e % i) Optical ly-active
jr}gﬂy 1d 7H- pyrrol o[ 2, 3-

conpound of 4. ei%ElB 3{) S d t atlo

d] pyri m di ne qu 55; 8 tion of an

optical | y-acti % 835 ’bL}FfBP%?t“ré ﬁﬂdéza ‘%‘%W‘Pg%a[bﬁm (ﬁj By FPIR dFRReARture,

y1) -1, 6- TNl 3. 5] nonane- | - car boxyl i ¢ acid benzyl ester (2.84 g) in

met hanol / tetr Awrefesblgmeastion dmeqftheicyplizatiopmis abeit é¢mirgees pa? haws- um car bon (568
nmy) ,15and [@134] g cyelieedvasmpopdd oge ratisttbdupaieP’ byat pospiienad simifchprort kdnuo eziveas

filteredCompoughVeg! iThe amitetprdtéttiod inky baterivdsut 6P ke@nt methedd depeiaing log delecet
25pr essUpgtectiierb@sul ting resi due was sl urry-washed wth

g-(i)l lie&ﬁ/{?t etr alﬁ%ﬂéxgrnb] Qeoé%ﬁiwh%elmﬁ” QY& Eat%:‘on%l' &Af&; &mg%g)(iiregt;ngnéithg)

r%c}go % i’ ’teg %r Ill)_?n s§ vexSt uchle§ cBlol’_(fzgrm glcgiroye?ﬁne TI:EP
2§85 Sespch gspiethylamying” 1 3" oy | 355347(1Hrr)

3 08-3. 01 a“E‘Ybsa‘beS‘Sat%lePdthsﬂ Stsp g2 may be ppmiedout) 9g-1.88 (1H, ),

1.84-1.68 éH rr) 301.19 (3H, d, J = 7.3 Hz). [0174]

(13) Opt i €Stkp X&)actl veconpoundof 343- met hy1- 6- (7H pyrrol o

[ 2, 3-d] pyri m @nandong 1B 2ndP" dh32RSPledtiobl re@dvidriroln Cyrhpoudd { VKD Py @RbRhbidnal €

[ Chezm Calamirerd ﬁct?tﬁx] in tik/similar manner to A8 B8Nl & 3 ¥ @&fe}ayﬁreﬁé?mlmgh&f 1 to give

4-(3- et !@shqp&un@ 12 asR &e%[‘O%CcﬁJ)rpgﬁ%%e x&)nezlé—ums& rkﬂJ)\Qr[ %e&onIi%Béﬁdlﬁg gh R8edids 8

g) was i‘ -cyanoacetyl- 3, 5-di net pyrazo e

N, Ndi i so di o

e o bty g
t enper at LPr ﬁenﬁrﬂep’@?ﬁa@%‘r Methgd) 2amamthsr OF&‘HH‘ YsEepelves @dg‘é(ﬁ lj‘éo‘?Péw@Bd’iCHYﬁ
chl i eC%PQH‘P@on and the m xture was extracted with ethyl acetate. The
separ at ed aqudbe sptlicaymsolwacsl ie{tidea @ tneethogi wireraii kageroik dtompoamid] ildijeand antoptieatly-
organi ¢ hajrenmieonpaadnid mixedinndient) fotlealbyur@saliving. as ARidgle @steicbRgric salt.
residue vwas r@fihf idRGteRYmedid b4PmBehe G&El%n%é&ﬁ@&ti@gzﬂ mer(tglglxk%rﬁptlc%lﬁéactwe

g:_ B} gr of O Blnl;lﬁi 11_\VIIF g;:(r;f%g; (ﬁ_) goﬂ'lirogf(v\&la n pur | wd]&%’% @ﬂfﬁ% af a r;lnaie
h f m 0/1 1/1
e et ogf gl 3 B RS @b?awfm%énmﬁﬁ?% i

chl oroforﬂ?ﬁ%ﬁfﬂ&ﬁﬂpmﬁarsz& SHCrd apa aD rlemgliev&(ﬁ)slﬂ -papathybehyioning

g). 1H NUR-I-ovVBo2mbyng-ethanol7AR)( 112+anmo %yhensl abanpllH, s), 7.20 (1H, dd, J =
3.5, 2.4[H2}] T6e 6&vért hchids a ketond Solvept suth83-atetdtié, fnbthyl ethyl kitobd reti ifohidy]
m, 40. 01 két3ik; afl .estdr solvend sxl'le)a,s nhett]ylD acetatel, Gthyl Acetad® Gsopfopyl akefdfe, isHRitfIaHa&htE; an
[0175] [ Rhepadiddnt Qiknlls isodiopnesies p3- dﬁ:&zm?ﬁ ﬁlang g@ﬁ%ﬂ‘sgﬁént FSQEHTHJ Sheth Zl]xol

HBc\ N Qe Nsdphdfahfebaflh i T g g §84 Q%agbl itloh 2l 2Pt e AP E S T
1-tert- but éf «? er ca
erabl€ solvent inc udes 1sopropy ace ate 1sop opanol or - 1me oxyethane.
[0129] Additionally, a conventional method for enhancing the optical purity may be optionally carried
45 out. For example, a recrystallization may be repeated.
An alternative method for the optical resolution includes a method wherein racemic Compound
(1] is treated by a chiral stationary-phase column to separate desirable optically-active Compound [I] -
from another isomer thereof.



di met hyl am nopyridine (35.2 g), and the m xture was stirred for 70 m nutes.
To the m xture was added (Z)-but-2-en-1 -ol (26.8 nl), and the m xture was
stirred at roomtenperature for 14 hoursyy To the reaction mxture were
added water (300 m) and saturated aqueous sodium chloride solution (100
m), and the m xture was extracted with chloroform The separated organic

| ayer waf'lé@hcentrated under 5 reduced pressure, and to the resulting

resi due VieenerahbBatpatatemiMdth@gt at e and n- hexane. The mi xture was sequentially
washed witHemdcabPoramtel@us pot assi um bi sul fate solution three tinmes and

sat urat ed aqueous sodi um chl oride sol ution tw ge-Hai0o t he separated organic
| ayer was added silica gel (200 m), and pHeo® xture was stirred and

filtered through Celite. The filtratge was concentrate under educed
pressure, and the resul ting M du £ purififed @y Si fﬁﬁg@%;folunn
tglv

chr omat odt eluent n- hexame é l0acetate = 9/1) the titled
conpound (|ﬁ8 gR' " H Nbfp (DVBO- D6) N-Bn74- 552 1H SPKW (1H,
m, 4.61 (2H J = 6-8Ha 4.05-3.75 (1H, ™ 70P (1H :

2.96-2.86 (2H, n), 2 46-2.39 (1H, m, 1.92-1. 84’ (1H nm, 1.69-1. 51 (6H, m,
1.39 (9H, s).[V[loa@76] 15(2)3 -(1-NbﬂhNIMaIIyl)-piperidine-llﬂlddi carboxylic
acid 1-tert-butyl ester [Chem cal Fornmula 39] O 1 00/0 To a
sol ution of piperidine-1,3-dicarboxylic acid 3-((Z)-but-2-enyl)ester
l-tert-butyl ester (68.3 g in tetrahydrofuran (700 m) cooled to -74C was

added ||th|U”1hexa$%LQéLédh Ia2|de (1.6M 20 tetrahydrofuran solution, 166
mL). The reaction m *warned to 0C overy i nutes, stirred at the
sane tenperature for add naI 25 Mterdbes, wndlcooled to -74C again. To
the i xtur eS#R3P adgethet met hPI'Si | yt—chPori de ( Jml). The reaction

m xture was—wared to roon1tenperature overo@E M nut@! and stirred at the
sane tenperature for ad |t|gnal 4 hours. To the m xture were sequentially
added water (600 m), 2 eous sodi um hydr oxilte f$ol ution (70 m ), and the
m xture was washed 25 with n-hexane (600 nml). The separated aqueous | ayer
was acidified by 2M aqueous hydggﬁhloric acid solution, followed by
extracted with ethyl acetate (3 $)n200 M, 150 ml) three tines. The
conbi ned organic |ayer was washed wift h saturated aqueous sodi um chl ori de
solution, dried over anhydrous soditu fate, and concentrated under
reduced pressure. The resultlng residue was slurrysy i
n- hexane/ et hyl acetate sql |on (10/1)%&0 gi ve mme( |t *ed conpound (42.5
g). 301H NMR (CDC13) 8ml’ (b M. 5. Q9 1Nsm), 5. 05 5.02
(1H, m, 4.3% S50 (1H, , é é (1H M é@;g ( 2H, :
2.43-2.34 (1H, [519910 .97 gi }641 154142(1Hn)
1.45 (9H, s), 1.°05 (3H, d, J : 7 3 Hz)? [017ﬂhe(3)8alt of an
optically-active conpounpiog] 3-(1-nethyl-allyl)-pierii di ne-1, 3-di carboxylic
acidsl- gﬁgﬂrt butyl ester and (S)-(+)-2-am no-2-phenyl -et hanol [ Chem cal
Fornula To a sol ution of

3-(1- nethylallyl)plperldlne 1, 3-di carboxylic acid 1-tert-butyl ester (3.00
g) in 1,2-dinethoxyethane (30 m) was added

(S)-(+)-2-am no-2-phenyl -ethanol (800 ng), and the m xture was stirred at
roomtenperature overnight. The slurry mxture was filtered to give a solid
(1.8 g). To 5 the solid was added 1, 2-di net hoxyet hane (45 m), and the

m xture was di ssolved at 80C. The mi xture was slurry-washed at room
tenperature for 4 hours to give the titled conpound (1.46 g). An analysis
by HPLC analysis condition 1 showed that an isoner with | onger retention
times was a main product. An isoner with shorter retention tinmes (retention
time 6.73 mnutes) An isomer with longer retention tinmes (retention tine
13.70 m nutes) 10[0178] (4)Optically-active conpound of
3-(1-nethylallyl)piperidine-1,3-dicarboxylic acid 1-tert-butyl ester

[ Chem cal Fornmula 41] 15To a salt of an optically-active conmpound of
3-(1-nmethyl -allyl)-piperidine-1, 3-dicarboxylic acid 1-tert-butyl ester and
(S)-(+)-2-am no-2-phenyl -ethanol (1.5 g) were added ethyl acetate (15 m)
and water (15 m), and the m xture was acidified by the addition of
potassi um bi sul fate (567 ng). The separated aqueous | ayer was extracted
with ethyl acetate twi ce, and the conbined organic |ayer was washed with
10% aqueous potassi um bi sul fate solution twi ce and water once, dried over
anhydrous 20magnesi um sul fate, and concentrated under reduced pressure to
give the titled conpound (1.02 g). 111-NMR (CDC13) 8: 5.83-5.72 (1H, m,
5.09-5.06 (1H, m, 5.05-5.02 (1H, m, 4.33-3.90 (1H, m, 3.73- 3.63 (1H,

n, 3.31-2.73 (2H, m, 2.43-2.34 (1H m, 2.07-1.97 (1H, m, 1.64-1.56 (2H,
m, 1.54-1.42 (1H, n), 1.45 (9H, s) 1.05 (3H d J=17.3 Ft) [0179]

~r~-/7/ r~\ 2~ 1+ " 11 T Y 1 Y . - [T L




[ 0180]

15(6) Opti cal | y- acti veconpoundof 3- benzyl oxycar bonyl ami no- 3- ( 2- hydr oxy- | -

met hyl et hyl ) pi peri di ne-I-carboxylic acidytert-butyl ester [Chem cal Formula
43] A solution of an optically-active conpound of

3- benzyl oxycar bonyl ai ni no-3-(1- 20 net hyl al |l yl) pi peridi ne-I-carboxylic acid
1-tert - bu€himied Femu(B8BH ny) in chl orof orm met hanol (6.6 nl/6.6 nl) cool ed
to -78C was flowed ozone air for 30 mnuteg. To the reaction m xtuke was
added sodi um borolfydride (318 ng) in snall af ches, and then tq
was war med t gyif( tnperature over 40U'fthutles. To the nixturd
sat ur at ed aozgg u dﬂ,,\;{;m bi ga;ﬁbonat an? FAspNand the mi xt umdd? dxtact d
with chl qpgf Wi ce. The gonbined o gyer waspw®ashed

sodi um 25 bo®@PB*'sol ution, dri ed r-anhydr ous—magaesi um shiif ate, and
concentrat gd under reduced pressure. The resulting residue was ppivsi fied by
silica gel Eol uim chr onat ogr aphy (eluq9F in- hexane/ethyl acetatgy %/2 to
0/1) to give tlhE tlitl ed conpound (406 ) 1H NVR (DVB ;
7.39-7.27 (5H, m, 6.74-6.55 (1H, m, 5.17-4.83 (2H, M, 4.53-4.41 (1H,|ﬁ,
4.32-3.93 (2H, n), 3.76-3*7 (2H, nm, 3.26-3.00 (2K, m, 2.95-2.68 (1H m,

2.30-2.00 (1H, , 1. q ¥66 (1H m, 1.64-1.44(2H m, 1.36 (9H s),
0.92-0.77 (3H m. [08 ) Opti cal | y-act i ve mdf Y of
3-am no- 3-( 2- hydroxyzf et hyl ) pi peri di ngy| oxylic acid tert-butyl

ester [Chenswe@dp For mgll@a 48poH41 paII%ﬂth1carg n (\38 mg), and the m xture
was hydrogenat ed-at roofftit enperat ure—unrder ordingfy“@ressure for 14 hours.
The m xture was filtereghd hrough Celite, and theé%iltrate was concentrat ed
under reduced pressure to give the titled conpound (269 ng).

1H NVR (DVBO-D6) 8: 4.83 (IH br s), 3.51-2. 78I(4H, m), 1.79-1.25 (7H m,
1.38 (9H, s), 0.92 (3H'5d! 3 = 6.9 Hz). [0182] (8)ptically-active
conpound of 3-nethyl -1, 6-di azaspi ro[ 3, 5] nonane- 1, 6-di carboxylic acid 1-
benzyl ester 6-tert-butyl ester [Chem cal Formnula 45] 10 To a
solution of an optically-altive conpound of x

3- anmi no- 3- ( 2- hydr oxy- hnethy hyl)piperidine-ﬁ*-
ester (258 ng), trig&qm I sphine (472 ng)"%

di chl or onet hane (7 ooied to 0C was el bybon tetrabromn de (596
nmg). The reagpion m xt wa$ sti seetibat ropu t enpé™ature for 2.5 hours and
cooled to 4C—Then, 15 t! ereto were agded trie&dhylamne (279 p.1) and
benzyl chl orof ormate (26? pl), and the mi xturelwas stirred for 40 ninutes.
To the m xture was added water, and the m xture was extracted wth ethyl
acetate. The separated Uﬂdﬁnlc | ayer was seqléh®o] al |y washed with saturated
aqueous $hcthel abdye cetretmoniY eP™S M itand BV el a padtestiag esbup gl @oins, weiabim tehlygérde
sol uti on buRgtatboh@dr BaryloRiBeyOUS" §agdiettisy bloas 6f cardx RNk Ria8N témslﬁyl
rﬁducsefl egtelsaym 1FSTA9%£ E@SIUsteh NGl r@mwgenvx@&n nyr Ji g%zl 1byar§én}ib&as a8h <205
chromat o e
(e cHa T T RN B L et i
(2H, M, Y e nf 39 rﬁ JAmfgingd ("’iﬁF“ﬁi““ §°V£83
(1H, m, 8125 (1H | 244232(1H , 2.16-2.07 (0.5H, m), 2.01-
1.82 (1 é@n‘ﬁ , 1.68-1. 58 (1H, m, 1.39 (9H s), 1.37-1.28 (1H, m,

1.1401, 035%3 ) m). 25[0183] (9) Optically-active conpound of 3 -nethyl
-1,6-di azas pi@onprﬁhdSIdejame;‘ Ibecmerbducyd iFC* agi & chaleatianal aesiee profeCh@iite @ive
For mul a 4%jmpbunk [@118]. 3thEQnineSRbtdétionMad be airiePbit 6alkhdiwpGtthy® d%gé?iﬂi(ﬁg B sé¥cted

3- met hyl plot&ridh 8roas p|r0[3 5]nonane 1, 6- dicarboxylic acid 1-benzyl ester

6-tert-b Ut yl %r 15 Fh'l rb? 1r %e( ;ﬁ‘ot@l’[ oncrga(gfl l%dcat 9 d4o%t Wi% (iirogengmg
trlfluoroa@etél 1§$ an q gﬁ ra ggf BOM

t enpér at Of 5 dm aé? R ROt ai oL FRE &y ﬁseﬁ‘iex‘if& paligdium
basi fi ed B EHTBLAS 6? Y Bfeo*M aqueous sodlun1hydrOX|de sol ution, and
extract edOW#Bt h chl oroform The separated organic |ayer was mashed wth

sat ur at edS®Bajueous sodi um chl ori de sol ution, dried over anhydrous sodi um
sul fate and canegoidddvVed] ndes reé&dﬂ@iﬁdC@ﬁﬁﬁxﬁdl (\EId] on gboleent Mahd predetst g ampeUNd
(lo&ong)togﬁgcgﬁb&mmzw OD6) 8 7.42-7.31 (5.0H, m, 5.20-4.99 (2.0H m,

4.05-3.88 (1. %reﬁgableiol 41't§se§§n (h%rtgiﬁlo r%NI\3 %1% ?If agngdCSH’ m, 3.35-3.26

rpoxylic acid tert-butyl
triethylamne (502 p.1) in

(0. 5H m, . 22- 2.13 (0.5H, m,
5. 07-1.49 (4 re%{a le asfé“?’gy* g ﬁ“sﬁi"ass “i%‘rk{‘)ﬁl H d, J=6.9 H),
1.01-0.91 (0.5H, nm. 5[0184] _

(10) Opti cal I y-acti veconpoundof 3- net hyl - 6- (7H pyrrol o[ 2, 3-d] pyri m di n-4-y1l) -
1, 6- di azaspiro[ 3.5] nonane-1-carboxylic acid benzyl ester [Chem cal Formula
47] 10An optically-active conmpound of

3-net hyl-1, 6-di azaspi ro[ 3, 5] nonane- 1- carboxylic acid 1-



benzyl ester (108 ng) was m xed with 4-chloro-7H pyrrol o[ 2,3-d] pyri mdi ne
(32 ng), potassium carbonate (86 ng) and water (2.1 nml), and stirred
overnight with refluxing. The m xture cooled to roomtenperature, and
extracted with chloroform The separated organic |ayer was washed with
sat ur at ed- aqueous sodi um chl ori de sol ution, dried over anhydrous sodi um
sul fate and cdhceatioateapehbiraindenlly esuctedppaesso il 20°Civeferablyubdn tegnpemsiraioe
was puri ko®xd by silica gel columm chromatography (el uent: n-hexane/ et hyl

acetate = 2/ 1ThOrefibn tilnehd RUEH abdut 80 hdiuads @ MhaB! freleRblyab&th & holr9tdi 4. t he
titled ce(mggpnd (48 mg). 1H-NWR (DVBSO-D6) 5: 11.69 (1.0H, br s), 8.15

(1.0H, s)(gte%3b1727(5 OH, nm), 7.18 (1.0H, dd, J = 3.4, 26Hz) 6. 64- 6. 59
1. OF 9-4.9 4. 63- 1. OH, )
fo, 45- 3. 39 20 %@mgfnng Wﬁdﬁmg%g%hﬁ%ecde%n aﬁs(lvenémzs Vﬁdw@é fsnner 03”026%9)2 84
(1. 0H, nycampnggpen toxgvg GomppungyViled. 35° 2’ 25 (0. 5H, m, 2.20-2.10 (0.5H, m,

2.03-1.95 (1. @iprefppble teagent aseidn félsthepgen@f)on Iﬂth@eylrhts’zdﬂ OH, m), 0.93 (3.0H,
d, J = 6.9 HzA pr{ferdi@b}ol¢chl h@pir tbahdlygeamion vsechirosfponuind of
4- (3romet hy 1- 1 Abpreftrazla sqattiod|tEmferaes ofthy Adlogehhtyilis PbMtdnptrandde qoyci m di ne

[ Chem cal FOI’ 'THé feadBh tithe of the halokBnaBiod Bl udhdllQAb&ft 38 MiRRLd 163 day -R&daM€ about 1
conmpound ;0 thyl 6- (7H pyn-ol o 2, 3-d] pyr| m d| n- 4-

yl)-1, 6- £arbo lic en

met hanol ggﬁ?f%ﬁ Lﬁc‘]"elg qgls%e ﬁ?ﬁ z 3b %y‘ilgﬁ ‘a'g uﬁlﬁﬁicllal?ﬁon
(15 ny), \ils ‘ﬁ Bo‘t/\}d%y‘h“gfd‘f“@dé AP 83Oy Ié’rg‘Yf' FPRETh fa d-for 14 hours.
The i xt @?@%FWI‘]@@PEd through Celite, and the filtrate was concentrated
under reduced pressure to give the titled gprpound (27 ng).

1H- NMR ( DVBO- D6) 8 11, 73 (1H, br s), 8.17|(3H s), 7.21 (1H dd, J = 3.3,
20Hz) 6. a4 Hin | 435(05H brs), 4.09 (0.5H, br s), 4.03 (1H,
d, J = 13.5 ﬂz 3 97 (1H stehapd = 13. Makz), 3/83-3.70 (2H, 35m), 3.47-3.40
_(1H m, 3.23-3 1d laH 24 243(1 Y 197-'1.83(2H, m, 1.77-1.57
(2H, m, °Adoc1 04 (3B d, J = ﬁ?‘ §186

(12) Optical ly-acti vecorrpoundof 3[ 3- Ry (7Hpyrrol o[ 2, 3-d] pyrimidin-4-y1
)-1, 6- di azasdwvible2] 5] non-1-y1] - 3-oxopr[gp| @@jtrile 5[Chem cal Fornula 49]

" NH An optically-active conpound of

4- (3- met MAB0L Aezrdr:ralzlaéﬁw%[@de] e rraganggment (L W rdipedyormamidepyr i mi di ne (25
mg) waS- ni xed mgfeiable reagtamgerorararare 3f Be gharrangapegyy abewl 9°¢ 82108Y). and

1, 4- di oxane ( Aafeféablan@ctidnginm oftherrearaagensehi is alsaht 30 milD@€tof oday8. 5 hours. The
m xtagr e y@37rool ed to room 10 tenperature. Thereto were added water and

sat ur at egsigggous sodi um bi carbonate sol ution, and the m xture was

extracted wit l&o %nmﬁb @'ﬁ@:{ &%ﬁbe Hﬁ%ﬁ\%@ﬂ.ﬂ gftﬁrghz%g QléﬁlvgxﬁXr?Fheﬁﬁé efXl rchotaﬁedtg

with eth I eta I ned organic was was

wi t h wat Peo rat ed .under redu essu .The resulting residue
was ur| f| ed %‘nrla légasﬁé‘Fe ”ﬁ reaqyY ﬁ‘ﬁ‘f“dﬁ]ﬁ?‘ Bﬁ Uy ent :

chl otof or m methwasfeiedle sgyent usetwethﬁéeatrqnnﬁgnw@é u@owetéetﬁmqrq’fnea apghexamethyl

si | i ca- gehosphdremidayer chr omat ogr aphy 15(el uent: et hyl acet at e/ net hanol =
93/ 7) agai n. Thereraioukdmprptisoisiusualld atbungPoilas 08C, prefyrabip stvad-30fQ to 03€.
hexane/ et hyl gaeteadton Sitledd isallytabo@i3venidi® td & bl pederpyuiiduf Bio2 Hogys. 1H NWVR

( DMSO- D6)p887 11. 70 (1H, br s) 8.14 (1H, s), 7.19 (1H dd, J = 3.5, 2.4
Hz) 56- %Stpt dd, J = 3 9Hz) 503496(1H n, 466459(1H, m,
4.11-4.06 (1 3. 70 J =1 = 18.7 Hz),
3.60-3.55 (1H ‘f%fcoepa ({iﬁﬂ 'y b convg edo‘“‘ii’tz 5“’?“@%"%’"@5“% el 2 46-2. 41
(1H, 20m), Z e ngwal % ceglei oghb)g-lﬁl_qonv tiongl 8‘8‘“3 eﬂqn inyhe similar
1. 64-1. 51na(111qr+ to /i ab@vegaeneen redaratton—Mvthqd jep % allis éepmgorvglaz( Qsedmed eutbyo4,

net hanol kn¢al@dhods Repppdinabn satec8f pra@yhgdgewrs. of Conpound 3 25[ Cheni cal

For sl a HO39] (Thy Ritpéuctioh n£P'Y, rBaydhecarredou bca aqiventdnall dnyide @steetionlin ttier simbatt y|
ester [ Gﬁﬁﬂ]l&@d thE @B lRn& a1 PrépaBition #bthod 3 Step T PheSlink r@t@ct%ﬁ may be carried out
1-(tert- tﬂ%@ﬁéﬁem&n?b@&ﬁéc% Bﬁ)?e%& ¥igsc acid ( 0.0 g) in

N, Ndi et hyIf re SSi d
o 1] "or om Qngg? gsle [,l»,q Dok PeTe % @g&ﬁj gbg d[bpﬁ%t%o@g&n% [9% ftt
for Y bray ac,‘t“ly "ﬂt”)?t‘ ‘«‘-3‘0 mat’d&ét&p yé‘FO %aé‘dg P°“£

mi xt49 re \ﬂa?ﬂé&‘ty Stcerdgnafi ihadpingd sdveat at ety and W@ﬂ@%ﬂalm tée PEGyRIYCe nﬁe
sequent i ghthlyst sechyga prlediug carbonat ralladigodydrpyidand sat ur at ed aqueous sodi um
chloride [@@bhtion (400 nl). The separated aqueous | ayer , was extracted with
ethyl acetate (300 m) again. The combined organic Iayer was dried over
anhydrous sodium sul fate, and concentrated under reduced pressure. To a
solution of the resulting residue in n-hexane/ethyl acetate (4/1, 400 m)
was added silica gel (70 g), and the m xture was stirred at room
terrperature The m xture was flltered and the f||trate was concentrated

o A M~ o M ‘.: o ~N - o



)10- 0 )(O To a solution of piperidine-1,3-dicarboxylic acid 3-allyl
ester 1-tert-butyl ester (62.5 g) in tetrahydrofuran (625 m) cooled to
-72C was added |ithi um hexanethyl disilagide (1.6M 20 tetrahydrofuran
solution, 160 nml). The mi xture was stirred at the sane tenperature for 30
m nutes, and then the reaction m xture was warnmed to 0C over 12 m nutes and
cool ed tdStep¥@ again. To the mixture was added trinethylsilyl chloride

(35.2 nl). Theompamtd [MMiglinAf b @ackaiSwiACHRELULE VI Gh @ ¥&Venl id B4 presedbloStHakd €d
at the saspgivé espsduat pweilfor additional 2 hours. To the mxture were

sequentially %d&@féraﬁﬁtb%ﬂ@éd ih 4RQedtidn 1§ni &Méﬁ{ﬁgtﬂ%sdlﬁﬁgh%m hydr oxi de

sol utd on (250 exane (940 nt).
The séepar at ed rfera%Qquven?usedm{"rl)erea o 1§ erﬁ ﬁﬁg%ne 250 m) again. The

separ at ed aqué%ﬁécaftéf?‘é?m%é@“r%bﬁ“dﬁ\‘,@iyéﬁo%folﬁ/lt%?a‘?‘c?&?ﬂe e, PRRiPrablnabet ;80n e
then extPaeted with et hyl acetate (800 nl). The organic |ayer was
sequential ly Ve Fragrionitie isvasuelly abe@ G0 mijutentd 3hatrs matfedbls gbred 3% mérmets torl hour.
chloride[@dlltion (400 m), and the separated aqueous |ayer was extracted
wi t hitet hystepziot ate (500 m ) again. The conbi ned organic |ayer was dried

over anhydr oughs QlfaMnd@sUbf 8bBpoudd qVﬂgnﬁqﬁﬁ tole A xEefdti I @leal RAMCL A RERSS '“%
The resuldoBgudagsiifjue was sl urry washed with n- hexane/ethyl acetate

660 rr1) to gi und 53. CDC13 5 581569
(1H, ), 5. 14\1@ %g% b e age %’ dggﬁ“byé ey g Jeamel 3. 20-
3.14 (2H Aprgfgrable solve eéea%’nzs HRUXE FPlufrﬁﬂonhleI?fOIm@B (nfrh g}y |

1. 65%1. 49 (3HThﬁjea°t?ﬂAﬁsnP(ewre §)usuaﬂlmlsel} 1@9‘(%90@0@”@%@4&191”@@%8@ @énfsund of
3-al | yl pi peri dhfiteadtion tigleaaysatkiabpe Sawinetesitotbdonrs uefpablysbent 3) @irendseal hours.
Formul a 53] 4%e reagb@1@6d a6 3he (dcifipegert riydvdel dirhethylsdilfideodr @iphenylphosphine,
opti cal | yredetblyeipaarphospdinef 3- al | yl pi peridine-1, 3-di carboxylic acid
1-tert-byspby ester with (S)-(+2-am no-3 - phenyl - 1 - pr opanol ‘

53- Al vyl PR gdydi ne- 1, 3-di carboxylic acid 1-tert-butyl ester (3.0 g) was

m xed vvlthls l4 t ure o 80Cto
di ssol ve. To t% ﬁ{n%% @ﬁ@ n%g%egeiadge%/é %‘2‘ m%\?ﬁmﬁ’ﬂ% oﬂnmﬁinol (1.01
g), and the nmrffnél \Rég’msct“F‘?jr‘% e3P NULSPEEHARINGt ur e for 21 hours. The
slurry ni xt ur & REgfErapleselygns psed e feagiopasigirativigisan i d was washed with

i sopropyl aceﬁanfefel(aBlemaytlcalﬁemmaterdlajn@eremr@dmued pressure to give the
titl2d conpourdréitrablegactichitend is hfiouat2chomszo ¢dacent r at ed under 10r educed

pressure and ugeefeiable fehert hjed af i XKhlcif BIgeh?} st raferaybephideiab) y- active
conmpound [@k&33- al | yl pi peri di ne-1, 3-di carboxylic acid 1-tert-butyl ester with

(S)-(- )-gg@tmgyo 3- phenyl - 1- pr opanol [ Chem cal Fornul a 54] 15 To a
sol uti on of 3wk, F vl gl Q/Ffl'i( carb ic acid 1-tart Lyl ester
(73. ¥eodls r%n(gzﬁlc s aéla ed 2 conventional

0
(S)--)- gmﬁrﬁyﬁegeg’ﬁ%véﬂyrw& 2 ﬂé‘aﬁ ‘FP“(‘ 4‘0’7 give ?H’@P?HnﬂéHIIBorT@P ARTOtRRION VY ed
to room pknowgasthodhdeperdipa pasels %f protepiinggsa@s.cryst al obtai ned in
(3)-(1), and F@reexmnnkuﬁenmgd $Y 1lk]rveltrady 8F i ggimt-butyTrestes hndr Y isviextbutozyssgtsnyl
filteredmaphbdtrtdia inesingtd arg rsivtd wivastof 20Mals atbrofbrint) ethsDaeaRY liogme! wite, {210
m) to gbyen dcitsuth id IgdrockloROAt) tr{fBidrodced} acidn anal ysi s by HPLC anal ysi s
condist i oppik4ishowed that an isomer with shorter retention tines was a main
product. jo8pner W th shorter retentlon tlrres (retention time 6.01

m nu 23 Agl'g g@‘ \'2; d mrtret ecu %ﬁﬂ{g[ﬁ% vg,},t' @"kive Empound [vilm].
3-al |yl pi E%?YC afen % %aé‘r’al ferefenbﬁft $I°°é‘i?(‘@?g 1geBiand fdase.
filtrate of (&)preiospble CondenS%égepr Pef af ghegractigy i Q) 7-weabenzowiabilled)-WiN.N".Nhe
was s ol tﬁfﬁ@ﬁhylwwmlwxnihlgroawe@tfaqueous pot assi um bi sul fate solution (22.2
g/ 365 m ), and préferable kisausedimthe sdattioneddiistprepHapdimned organi ¢ | ayer was
sequenti al |y wasdradblekdifenl 4 aOHERSI R ARSdbim bi sul fate sol ution, water
and sat ur at edp. %reaé‘t@nﬁ&ﬁﬂe&ﬁ?ﬁrﬁ%k@&h%&é §| on, and concentrat ed under
8

reduced press 13 6:
5 8]455 6 QJ]Hw; 11 g \.gall% bé_f (3%9;515 pr; 'bly bonggﬁ 1H n,)
3 292 3. i ML S %q? 20 119MA Wé‘efﬁ‘fl’ I—Sreﬂ hy st Oeweihxl)as

. 1.65°%5¢ Qﬁ“ %‘WC VedE Ay ;%Vﬂ%’f’m{l dGB(OAﬁ)CSerr with fremgining Y 'c &lloye by |ave
conpoundcwﬂm@maﬂv 12M pryepusisadium hydrgkide pdeoplin en alept] olveat suchat yihams pieomi t h
(R) - (+) - 2mpemafurego Zive Sloepyind [Viipl.opanol [ Chemni cal Fornmul a 55] [0194] -
10(4)-(1) Seed crystal of a salt of an optically-active conpound of.
3-al lyl pi peridine-1, 3-di carboxylic acid 1-tert-butyl ester wth
(R) - (+)-2-am no- 3-phenyl- 1- pr opanol To the residue (2.74 g)
obtained fromthe filtrate of (3)-(1) were added ethyl acetate (14 nl) and
water (14 m ), and the m xture was cooled to OC. Then, thereto was added
potassrunrblsulfate (494 ng) The nlxture was stirred at roonrtenperature

. T 1 .. P




[0195] (4)-(2) Salt of an optically-active conpound of

3-al lyl pi peridine-1, 3-dicarboxylic acid 1-tert-butyl ester with

" (R)-(+)-2-am no- 3- phenyl - 1- pr opanol ZSTQZ residue (49 g) obtained in
(3)-(3) and isopropyl acetate (490 m) fe conbi ned, and the m xture was
heated to 80C to dissolve. To the m xture was added

(R - () - 2-[ardéno- 3- phenyl -1 - propanol (23.7 g), and the m xture was cool ed
to room tswperyt ure. Then, thereto was added the seed crystal obtained in

(4)-(1), and the aHﬁ%trﬁﬁny Woﬁﬂduﬁ& ﬁn'é{r‘ bOR cea- ansArHiBé W mo)f\;eH{ ?oll}é@gd by

];Ioln%er ed ﬁﬁﬁg‘gf Wﬂo a cgnQ'Qrt%g%ﬁ"gE%?e%gategio :l'o %wg% rali)({uin%t]\yl? ]tS E Oth-; d that an

i soner with | erqbge[ lnéﬁget“%lﬁsf?g e T “?ﬂﬂ“r\s ?JP’B‘(’HEEP Titjymy alygpigpm Ryqrige and
shorter F@%@ﬁ&rﬁt%wﬂf}lﬂ%gmt r & tPETierr i usagene gongantisied guldsic aaid iF §Srmelesiotlhmelenger
ret ent i odithippabiminuat bydridon tine 8.94 minutes) [0196] (5)Optically-active
conpound of 3-Zapieferabieelverdiused-id thd reliuctivrboweythhydreirbd 1-tert-butyl ester

35[ Chemi cal Forhewédaat dnbmpetature of the reductioiDis @suBY hbodf 0@o Qrh ERlpedrds ple¥@ably
conpgpnd(p@ 3-al lyl pi peridine-1,3-dicarboxylic acid 1-tert-butyl ester with

(R)-(+)-2-am RHG! )abQRE lnpﬁ;i (

ethyl ac t W%f%% n1ﬂMgH§1§agggﬂgkgg§§g fﬂﬁ?ﬁ?s %§£3%§%ﬁﬂﬁgﬁﬁﬁ%%m§9q?g60
and lﬁ xture was stirred. Th §a§eparated organj.c | ayer was

et APTAT) VRN S R0 sk G SIS Pk B ASP RO FRP St RS PRkecEPe

and sat urgERUeg IdhuEBilY BBdsptherbete %F'éle@bl”@weiwn Mutkodskepien b elpr searenieidn ¢asy er

was Extrdeatdd ‘leﬁ butokydarbaedt Gerpqund @ VRM] reayabenreacierd with glireamt: hual! | dicavimsiie dn

wi t h wat eetraapdtofeur at ed aqueous sodi um chl ori de sol ution. The conbi ned

or gani c I[ensej mas concentrated under reduced pressure to give the titled

conpound (£ 11& 101H NMR (CDC13) 8: 5. 81 5.69 (1H, , 5.14- 5 06 (2H,

Lo

m, 3.93-3. PM% 4’”730t4éor£ Beg’ ﬁ c(l; c% \?e g
(1H 1r%9 O%CCtl n the 1 lar r%Znn:L 1 1,45
%019 [gj ve annet 1o trlil éneral reparatxon et od Step 2 to gi e
3 al 1 y1- 5888 e Agrass tWBp’PrgVePei H?IH%d qut. bdd%ﬂﬁ&ﬁwqt@daé‘mné@stonb*amd
ester 15FEHQWP%&P“PbrnUIa 57] To a solution of an
optical | y0E@1i ve conpound of 3-allyl piperidine-1,3-dicarboxylic acid

1- t er t but[¢knced PesparaB@ih Metdd 4nd triethylamne (33.2 m) in toluene (320 m)
heated to 80C was added dropw se di phenyl phosphoryl azide (33.4 nml) over 50
m nutes. The reaction mxture was stirred at the sane 20 tenperature for 2
hours and cooled to roomtenperature. To the m xture were added benzyl

al cohol (24.6 m) and 4-di nmet hyl am nopyridine (2.9 g). The nixture was
stirred at 100C for 21 hours and cooled to roomtenperature. Then, thereto
wer e added ethanol (200 ml) and water (200 m ), and the m xture was
extracted with n-hexane (200 m ). The separated organic |ayer was
sequentially washed with saturated aqueous amoni um chl ori de sol ution (200
m ) and saturated aqueous sodium chloride 25 solution (150 m), and
concentrated under reduced pressure. The resulting residue was purified by
silica gel colum chromat ography (eluent: n-hexane/ethyl acetate =-- 1/0 to
6/1) to give the titled conmpound (39.4 g). 111- NVR ( DMSO- D6)
8: 7.39-7.27 (5H, n), 6.90-6.68 (1H, m, 5.75-5.63 (1H, m, 5.13-4.85 (4H,
m, 4.07-3.94 (0.5H, m, 3.63-3.47 (1H, m, 3.39-3.12 (1H, m, 3.11-2.88
(1.5H m, 2.79-2.54 (1H, m, 30 2.28-2.01 (1H, m, 1.79-1.66 (1H m,
1.63-1.45 (3H, nm, 1.36 (9H, s). [0198] (7)Optically-active conmpound of

3- benzyl oxycar bonyl am no- 3- ( 2- hydr oxyet hyl ) pi peri di ne-1- carboxylic acid
tert-butyl ester [Chem cal Fornmula 58] 48 A solution of an
optically-active conpound 3-allyl-3-benzyl oxycar bonyl am nopi peri di ne- 1-
carboxylic acid tert-butyl ester (39.4 g) in chloroformnethanol (493

'nml/ 493 m) cooled to -78C was flowed ozone air for 1 hour. To the reaction
m xture was added sodi um borohydride (19.9 g) in small 5 batches, and the
m xture was warmed to 4C over 50 minutes. To the m xture were added

sat urat ed aqueous sodi um bi carbonate solution (200 m) and water (400 m),
and the m xture was extracted with chloroform (200 ml). The separated
aqueous | ayer was extracted with chloroform (300 m) again, and the

conbi ned organic |ayer was concentrated under reduced pressure. The
resulting residue was slurry-washed with n-hexane/ethyl acetate (1/1, 394
m) solution to give a solid (23.5 g). The filtrate was 10 concentrated
under reduced pressure, and the resulting residue was slurry-washed with

n- hexane/ et hyl acetate (1/1) solution again to give a solid (2.4 g). Then,
the filtrate was concentrated under reduced pressure, and the resulting
re5|due was purlfled by S|I|ca gel colunn chronatography (eluent

. a v \ o o —— I L




25The m xture was filtered through Celite, and the filtrate was
concentrated under reduced pressure to give the titled conmpound (17.2 g).
"H- NWVR (DVBSO-D6) 8: 3.58-3.53 (2H, m), 3,43-2.85 (5H, m, 1.63-1.24 (6H,
M, 1.39 (9H s). [0200] (9) Optically-#Etive conpound of -

1, 6-di azaspiro[ 3, 5] - nonane-1, 6-di carboxylic acid 1-benzyl ester

306- t er t -{Ohdnyital @sihfafa J1Ehem cal Fornmula 60] 49 OH NH, O To 'To
a solution of an optically-active conmpound of &

3-am no- 3- ( 2- hydr oxyet hyl ) pi peri di ne-1- car bomkgpi d tert-butyl ester
(6.46 g), triphenyl phosphine (12,5 g) and tritethyl am ne (13(R%1*n1) in

di chl or onet K¥ne (226 nl) cool ed f* "QC was addegd, carbon tety \3n;j de (15.8
g). The reqrpg_;; m xture 5 wasnd i}r*ed at room tenper af W K 40 mnutes

==

and cool ed t (¢ agaidapic.Then, thepetNo were addedpfriethylgmme (5.8 nl) and
benzyl chlggoformte—{4-8-nl), a Xt ur e—was>sti #redo® 00~ 3. B chours at
roomtenperature. To the nixturé was a Fféd water (200 ml), and th€ nixture
was extracteghw th chloroform (100 nl).” The organic |ayer wag,wgshed with
sat ur at ed aqueous sodi um chl ori deVlisbluti on, and concentrated under reduced
pressure. The resulting residue was purified by silica gel gQal)urm

10chr omat ogr aphy (el ®®nt: n- hexane/ et hyl (Rigetate = 5/1) to gi\[é the titled
~conpound (5.35 g). 1 (DVBO D6) 8: 71'(‘ <7Z.29 (5H m, & )7>4f 98 (2H,
m, 4.10- x96 (1H, 7 _.51-3.569%(3%[;5 64¢2. 59 ¢ 1H,m i 2NEBY¥1. 83 (4H,
m ., 1.66-+54=( 1M )\ 143 27 t2H 139 (9F sJ.

(10) Optical | y-actTvé <SHF6und of 1, 6+

T azaSPRR o[ 3. 5] nongde- 1- car boxyl i ¢
acid benzyl ester 15[ Chem cal Formula 61}, g To a sol tv'y(?n of an
optical | y-active conpourdl of 1,6-di azaspi ro[‘3, 5] - nonane- 1, 6-'di Ehr boxylic
acid 1-benzyl ester 6-tert-butyl ester (5.35 g) in chloroform (134 m)
cooled to OC was added trifluoroacetyc acid (27 nl), and tRe m xture was
stirred for 30 mnutes, gqrned to rgomtenperature 2Q d,stirred for
additional 30 minutes. Thgsreaction mxture was co®l 0 and ‘thereto
was added 4di@queous satflumyhydr oxijde Sswldwtitton (k¢ .
was extraeted—wi th ahl AR 100 | 77 H50 WY tw ce, d¥vhe| conbi ned
organic layer was was bbbe2sat uriat ed aqueous sbdi chl or| de sol ution
and concentrated undér reduced pressure. The resulti'hg resi due was purified
by silica gel col um? Clc}rﬂ”% ography\(el uent: chl orgfigr m met hanol = 20/1 to
4/1) to give the titled conpound 25(2.37 g). 1HNWR (DVSO B6) 8: 7.41-7.28
(5H, m, [&.109akovBGcleRtd, PIY)is a3pBaeng/froGpl bf amine, Pre®rrbB: &f-tuidkycafonyl2 PF4is 2 69
(3H M, pricdBn@grdlp 6L2ddrboRYlic &id, Preferdtly tdtbutyestert HBisla Adoded BrondIm2’ 3s B8r - 26
(1H sm. cﬁrggxpa?t]>ms((;f1*)m5eccﬂnltibﬁ(a'] %Eﬁs\ﬁﬁlte%%%g% R)Tbec micall accerﬁ)table; carbon atoms

6- (7H py'bf@}'ﬂ;%e §}5t%11§ su th.\t -Nhls? -a;aL’toGBéjlh%zlac% I rc%tfg' §I I{g,?)@’ relf n2 and ml have
301-car bgn)%ysal gmg‘gnlin S as eﬁéed ie§ € ro%fieihem ¢ ‘§ Eor n)mla , L B\ﬁ .
optically- ﬁt"l PSS BOUTRACOR e 0% '8IRUR b 3. 5] nonane- 1- car boxyl i ¢ aci d
benzyl e g1 2.37 g) was mxed with 4-chloro-7H pyrrol o[ 2, 3-d] pyri m di ne
(1.4 g), (¥er kdsi um carbonate (3.8 g) and water (71 ni), and heated to 100C
to d0irr for Sompennd [VIllagmay kt ieraedwmish cioblomdthbm] meossiviesrtp giva Coimpound BVITibgn,
t heret o was addecdenabit eslveantket ethereattiongs ¥@s®n@xer acted with ethyl acetate.
The organi c | aygéfeMRs rabasiA@emMirithre Sabbth drgftragtieous sodi um chl ori de

sol uti on and ; r e [t resi due was
R g L i R

W t

conqgund tg? 5 9). 1HNWR (DVBO-D6) 5: 11.72 (1H s), 8.13 (1H s),
7.41°7.28'5H) ), 7.19 (1H, dd, J = 3.5, 2.6 Hz), 10 6.64-6.60 (1H ),
5.13-5. 02 (2H§°W€;,’unﬁ.[§ﬁlb gy Reqreactsd) withy Compoung g V{ligh in gjsolventgg 1ig. prepesc@ 19f an) |
3.46- 3. b®etagive GympogndVIFdB2 (1H, nj, 2.31-2.22 (0.5H, n), 2.16-2.06
(0.5H, m), 2.0@3prdferdble 6S¥ént nded irlth8 BactionISte(rdiyidrofdran. 1. 61- 1. 47 (1H, nj. [0203]
(12) Opti cal | yAqeéferdsle 6aeReddnsl thefreaction is lithium diisopropylamide. _
4- (206-di azasph¢ Qﬁ&oéleﬂﬂ@m@:{_y 1%)u'317a|l'll? RYduE Hood: & éaﬂi&éﬂe}ﬂrg,'p?&er}tﬁﬁ (e 0 of

i a (6]

Formula g3 r-Q) O 0 a solution of an optic y-active conmpoun

6- (7H pyrrol of2, 3-d] pyrimdin-4-y1)-1,6- di azaspiro[.3.5] nonane-1

- car box y% e a([:r %%reﬁci'k%?le éss‘fsgaly(af&ég 0 gjimytgs t?rzgiﬁyaﬁi?fe/r%bi’f ?JQHglldﬁodfhoP?san (Si

mi/ 51 m }°\&s added 20% pal | adi um carbon (510 ng), and the m xture was
hydr ogen&t'&P%nder 4 20 at nospheres for 5 hours. The mixture was filtered
t hr @dgh Cel i t €ompevdd {YiBld] imlay batreatevbly sobolysintindet edladidic esnditd i £0a]EIheISSIVER.
The resulting residue was slurry-washed with diisopropyl ether (30 m) to
give the titled conmpound (1.55 g). 1H NVR (DVSO-D6) 8: 11.68
(1H, br s), 8.12 (1H, s), 7.18 (1H, d, J = 2.6 Hz), 6.61 (1H, d, J = 3.2
Hz), 4.18 (1H, d, J = 12.8 Hz), 4.00-3.93 (1H, m, 3.59 (1H, d, J = 12.8
Hz), 3.54-3.47 (1H, m, 3.42-3.16 25(3H, m, 2.03-1.82 (3H, m, 1.72-1.62

p—— A AN £ A1 NN PN

gueous | ayer




[ Chem cal Fornmula 64] 30 51 (1.55 g) was mxed with

1- cyanoacetyl- 3, 5-di net hyl pyrazole (1.56 g), N, N-diisopropyl ethylam ne
(1.66 m) and 1, 4-dioxane (31 m), and the m xture was heated to 100C to
stirr for 2 hours. The nmixture was cool e to room tenperature. Then,
thereto was added saturated aqueous sodi um bi carbonate sol ution, and the
m xture wegiverbhpsh&dv el ethyl acetate. The organi c layer was washed 5

wi th saturat ed,‘ &g{% }éssol%QxQ' lgme%amdel § ano and 'concent r at ed under
reduced pr eSSL}\ ica colu

b
chromat o it e’t‘ac“itu e&mi&e feﬁfte’f‘rf‘étcﬂ’écﬁgtfate‘d ?%gﬂc ¥8§ 9/A1§’refe viags A
titled c%ﬁ‘ﬂfgﬂ%& syl Efag) 18 Digganpls f Gompound VHIEH  pr <), 813 (1H,
s), P 22-7.18 A npferahje, rea@tl@vteepeetu(emoom)temmcr%e(tchde J =12.6 Hz),
4. 68-4. 60 ( 1H,Thayeactibnlineds @Rallylddoutrf0,midutes to3. dags, piekdrabiy) abo®.6bufs 24} ds), 3. 53
(1H, d, JoB31012.6 Hz), 2.98-2.88 (1H, m, 2.40-2.30 (1H, m, 2.03-1.90
(3H m, (4eBdy1.75 (1H m, 1.59-1.45 (1H n). [a]D = +210.00 (25C c =

1.01, met hanolg, H%Qa@ﬁlvdlarrﬁgagenwa, ssw 15 efidh &gﬁpg @no &ﬁL@E\%&&Fa'

For e

r-tert- bdi'?a]"fé%g;étﬂeergbgv%g e’éer%l Pfr fparauon eP ?ﬁglrh’bcaolm '6’?’ 6%1.}16 alrm'QC‘OT
a sol uti &n ocf g 9 3byd °§‘f"b‘6‘ 3’8? |98 o isgiFgiedy Ct"egsﬂ@ Fan

g) in N ﬁi‘af’aﬁ?ré% FRPF 5% B dat-fusoryparho F@%H@d ViBelaswi ‘?ﬁﬁeecéﬁdb\wﬁaéléer( hut317

g) and 3 lﬂawgln?sﬁt@ﬁﬂra@ﬁdpr opene (1.93 nm), and the nmixture wa stirred at
60C for @0HdlLrs. To the reaction mixture was added water, and the mixture

was Iext r asteesk)w th et hyl acetate. The organic | ayer was dr| ed over

anhydr ous sodigsmpsuldl [ nah e GefeLRtarivest vy rdbedu&fe@buracve@eyarﬁox,a'ahen to
resul ti n%:Je%%thHﬁder@?u U inf lsﬁﬁlapaﬁaxﬁ{eﬂtb%n&%f Pri %8HM&11%B é%%g%}&r aphy

(el uent: [0rs xane et hyl’ acetate = to give t mpound (3.73
9). 11-1¢ CDC13)5 464448(3Hrr)367342(3Hrr)341329
(1H_ ), FAKo og 1H M, 2.18- 2.04 (2H n), 1.46 (9H, SI' [ 0206]

(2) (1, 1- DfIQSB‘PB%HdI @%Mﬂ@iﬁﬁ@eﬁme saiveRtipgivy Crmpoyad VHDYer t - but yl est er
[ Chemi cal For rHif 437t used in theigacsion dclitded ulfr tpo¥ideopirdingecompBx dir d2asbdleytini ¢
aci d 1-t ertiodmans iprefeetdy D8ss(N3ar8n dérfodinareoal | yl ) ester (3.73 g) in

t et rahydr of ur anpr¢farablisplvenabedn the readiti@ inetsorate@d | it hi um hexanet hyl

di sil azi de (1A0vfeRble@édcadty@mpéritufeddabd@ 041t Foomldmpdtdture The reaction mxture
was sar med toTQQchthﬁ)'h tﬁ‘herll %Ql%saboﬁthrﬂlﬁﬂesatB 113§ pPAEbIy 9683? Bl OF

addl tl On% %ﬁBg} %Qﬂurh%? a(?%T%Qm m\?e %%0 l9101'1 (5 8 m xture V\B.S
addedtrlnet )ilh 1 i) opom xfUre _was §/arne
room te gres dg {"PP?“&& i ay ﬁéeat‘:?fjrﬁ’e U FBR0Ch SyP eIt ep%rat’on
hours. P L R i gmpe cmpodefisaiesenging inerasousddMighed by 2M
aqueous SOdI um hydr oxi de solution to pH 8 to 9, and washed with n- 10
hexafe/ diE&tAMFldiher (4/3). To the separated organic | ayer was added

n- hexane [01afH Nektetheripreparagons@s the yies @€ todcbowhdshurdpe @R URistsel ByBxBwgeoXi de

sol ut i on HoWeeer QReTERECnAGUE0I S0l iadkfded WESe MASdaaRerMbt h N- hexane/di et hyl et her
(4/3) 7 times gieabtilnfidg iR¥nehidA @t%ﬁl?éé%f ﬁfeth)fnﬁoﬁ‘d\é :ge hididiNn 1 arﬁ%;)[ég’ act ed

wth et hYdlS@f: ﬁe%gu%me[lp?p Qf‘agl@éy aﬁd %ﬁ{onm%ii 1} tﬂcht d (f‘es &re as E)r re

Z Fesi due was s n-hexane/ et hyl

pressure
acetat e E)anal?ﬁls 0’;_#0? give the titled conp Sy. 2; 15 H NMVR

( DVBO- D6 Y Tsgargongmetpqd for 5‘?1“‘%‘ AgSogiunpdibyirpgeny Phﬁsphatsd ydrgte 3.4 gHyasgissolved in
5. 63- 5. 5§21 300¢gnL) ® bpgdigstydtopHiL.1 hy usig phpspoigaidH02mL). 3. 26- 3. 15 (1H, ),
2. 36- 2. 2B catirtmen) insBu@dnt2 HPEC( $istemnPHIMABIU( QEIRPORATI@R OTikh Performance Liquid
(3) Opt i C @hloymaggtapk €routingaoeind of

3- (hol- dlcbluuﬁarpm(tm QEHYRAEI*AIdWI’Deﬂu@ndh&aﬁ?@m ic acid 1-tert-butyl 20ester
[ Chem calc gt 40° An optl cally-active corrpound of

3-(1,1-d II r hox o but yl
ester (lh\éobﬂi:haa - (- - r%d hf“)egst(ﬁ "ﬁ% (E’Iégé %#ﬂt’gﬂﬁs f‘?‘%‘ﬁ?"dpyl

acet ate (?ﬂelda“ rr’d”’f"ﬁlé r?‘?‘ifjﬂ'l??e was stirred at room '
tenperat "ngf“e?‘lfsﬂldﬂ?né O{TI"ﬂé/r%’Purry m xture was filtered to renove a

sol i44. T@eteﬁﬁlqnt%(t(émme) concentrated under reduced pressure, and the
resul ti ngp158} 3 resi due was m xed with ethyl acetate (20 m) and 10% aqueous
pot assi urrbpasdtibh &f: Sy@Bdsittdf @BmpSdNL) . The mi xture was stirred at 0C for 1
hour. Theckehal pdgdiaokgani ¢ | ayer -was sequentially washed with water and
saturated aqueous sodi um chloride solution, dried over anhydrous magnesi um
sul fate, and concentrated w th under reduced pressure to give the titled
conpound (869 ng). 5IH NWR (DMSO-D6) 6: 13.47 (1H, br s), 6.23-6.09 (1H, -
m, 5.71-5.64 (1H, m, 5.63-5.58 (1H, m, 3.79-3.72 (1H, m, 3.47-3.28 (2H,
m,.3.26-3.15 (1H, m, 2.36-2.25 (1H, m, 2.21-2.06 (1H m, 1.39 (9H s).
[ 0208]




( It of an optically-active conpound of

3- 1-difluoroallyl)pyrrolidine-1,3-dicarboxylic acid 101- tert- butyl ester
with (R -(+)-1-(1-naphthyl)ethylam ne [Chem cal Fornula 69] The
resi due (869 ng) obtained in (3) was mxgd with _
(R-(+)-1-(1-napht hyl)ethyl am ne (263 p.1) and isopropyl acetate (13 nml),
and the mxture was stirred at roomtenperature overnight. The 15 slurry

m xture was®™NJltered, and the resulting solid was washed with isopropyl
acetate (3 )—Tb give the titled conmpound (754 ng). Analysis of the solid
by HPLC arfal ygirsNcondition 1 showed that an isomer with | onger retention
times wasla ngin 0 t. An isonmer with shorter retention tines (retention
time 5.32 nNhute An omer with longer retention tinmes (retention tine
7.01 m nuteg) 20[ 0209] r*5) Optically-active conmpound of

4) Sa
(1,

3-(1,1-dif |yl )pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester
[ChenicaIIFqL 70] 25A salt of an optically-active conpound of

3-(1, 1-di | yl)pyrrolidine-1, 3-dicarboxylic acid 1-tert-butyl ester
with (R)- (+§ 1- (H- napht hyl ) et hyl amine (741 ng) was mixed with ethyl acetate

(7.4 m) (&nd Wapeeiding3,37digdrhoxylaatid REERbwt2umel)esees 1 agi-blitfliester by t he additi on
of pot as4Chemikdl Fotnfndd 231( 261 ng). The separated organic | ayer was washed

W th saturatedpaqueous sodi um chloride solutiong and concentrated under
reduced pressusle to give the titled conpound (457 ngy 30" H NWVR ( DMSO- D6)
8: 13.47 g@/g\r%), §R3-6.09 (1H, m, 5. g\{?g./%@ (T8 ), 5.63-5.58 (1H,
m, 3.79-3%¢ (1H,+nf', 3.47-3.28 (2H My 3»26-3.15 (1H, m, 2.36-2.25 (1H,
m, 2.21-2.06 (1H, m, 1.39 (9H, s). [0210] | (6) Optically-active conpound
of 3-benzy %ar bonyl am no- 3- (1, 1-di fl uor @a% )pyrrolidine-1-

35car boxyl i idtert-butyl ester 54 To a solution of an
optlcally active conpound of 3-(1,1-difluoroallyppyrrolidine-1, 3-

di carboxyl i ¢ aeiaFoltior pt L-er-hrtorsprbpnyibpigerineatbory!icaridy Fadrhand(11ahyr31¢5)

i n t ol uesimgtinggninppromdlatacpdiimide 5 (4HOHC glasinadceaofdropvité dilpheny| pdésiphéer yl
azi de ( 1@irRetinsdmindpyeidine 8243 nanditkd mixeursvaas sined @ G0 atinut0 Toflgy mEQurérvisHI s
and t hen (Ejigitetdd- MEir @2. adﬁlﬁchnbelﬂbzx}’ﬂxnﬂé &b lirrdddat Godth )te fhnfle for 1.5 hours. To the

di met hyl ag-RaPYI¥nEE Kas (&89 O%)aqut;[)hE p&h?ﬁu‘rﬂ ﬁsm& s%“tx%ﬁ 0%1) 198 ﬁl f

hourﬁ) a%QtchQ%”wﬁQ%f% rﬂq r %Ens &f gxtglz{{ﬁlg lﬁyer Qva’s se?uentlatllg Was eda w1t% a ratt d

aqueous assi

t gl uene. %%f’ue 0 oémmbblcﬁrbonate S?Aﬁtéon OO IHtaf1 Fﬁt@fat\?\%g%éﬂ‘s\ﬁ’dt“ﬁn i}m’ré 8 tgn Sa

10 hydr oXi 8é°@6ﬁ%ﬁi‘%ﬁ°“éﬁﬂ“%§%?’ﬁ’?& §d a¢fhesdissofemy (39 alh pesin- dEh%ecrrfehmf‘érprgaarq ed
over  anhy&FbYe disdiotFhaahidroys sodimeswaie @it conteatrtehider redigedrresspee Shereultinghe
resul t i ndesrdns wie punifeed by gilic geb dolypn shrbm@taglgahy (clobnirmhaxhmedatipt agptaphy/1] @l girent :
n- hebéane/tlnﬂ'titbdoéropthé(i’iyllg)acet ate 5/4/1 to 4/4/1) to give the titled
conpound 'gMME (gPCl;) 5: 5. Mﬂ\lM?nHGD;;m)z 582 (THARY, 4.53Q211, %4, PH6 .4 2), £3104.05(189m),
(1.0H, nB,9553.886c1 8, B A b-Dt (1@]) fz@ﬁz%fﬁ (o Dl 21@@}13"@ 968(2%121’111 11?917%

4. 90 4 8 '3.74-

(0.5 n'%j%é?ﬁwn rlT)6391?58% %25 2.18 (1.0H, m, 1.46 (9 OH, s). [0211]
(7) t|c ndof. carbonylamnoS (1, 1-difluoro-2-
hydroxyetflyppyr ﬁd\?f?tﬁ‘fqngylbjf’%?ﬁ?‘g’&?{/)ﬁqlfx@e xdicegf { -ipyY! €86k er  20[ Cheni cal

For nul a Toenesa! Bermula 34 A sol ution of an optically-active conpound of
3- benzyl oxycarbonyl am no-3-(1,1- difluqroallyl)pyrrolidine-I|-carboxylic
acid tert-buty ex-(15.5 g) in chl or.of orm net hanol (154 mi/ 154 nl)
cooled to [-78 V\% Iowed ozone air ffor ®H nutes. To the reaction m xture

was added um 25 borohydride (4. 14, in smal|l batches, and then the
m xt ur e Was Warrred to OC and stirred tﬁe sane tenperature for additional
4 hours. m xture were added satu ed aqueous sodi um bi carbonat e
sol ution an turated aqueous sodi um g,h%)ri de solution, and the m xture
was extracted with chloroform The separated aqueous | ayer was extracted

with ethyl acabaieolufitie of qiiftitiaet] Srdi@ariokylicdayal 30@E)-kliLRyIRNRF 1aBRYEE D Uster
sodi um syldsat 8.in RIFGant 1088 89 WBEElH f6§@&§s¢d@é@l§ﬁ1‘dfh%€xa y]i gﬁﬁlz{zwe raglMso
residue Y@éh 5$Iah§ tl?c}ﬁ 2] 1I I'ng ar Jeac?t% Wltute a?%‘rﬁ rtS‘B d0 £ blgunuteé sélrrgcz %t

n- hexane/e et

and i sol 3% tealg Ta lrg for £ dlg g‘ %tersegﬁictgﬁj %’Pkgéﬁpg éﬁ?f‘b“ t he fedwgiuge; %

resi due Yé*g' oré‘{el @ SFAGHP ’EH‘F‘BWF%?{?‘H‘& {P foesn @pRerature over

n- hexane NP dlfl%Ftaf%faéthﬁ§4meafé@?%t@férefor9ﬂdwmal adairs. Alterdcanoplifg, tthé mitue wrs
wer e conbi ned and concentrated under reduced pressure to give the titled
conpound (12.8 g). 351H NWR (CDC13) 8: 7.42-7.32 (5.0H, m, 5.15-5.07
(2.0H m, 5.04-4.93 (1.0H, m, 4.02-3.49 (6.0H, m, 3.43-3.30 (1.0H, m, -
2.67-2.57 (0.4H, m), 2.45-2.28 (1.6H m, 1.46 (9.0H s). 55 [0212] (8),
Q)tl cal I y- actl vecorrpoundof 3 benzyl oxycar bonyI am no- 3 (1, 1- d| fI uor o- 2-

o o b .



5 To a solution of an optically-active conpound of

3-benzyl oxycar bonyl am no- 3- (1, 1-di f | uoro-2- hydroxyet hyppyrrolidine-1
-carboxylic acid tert-butyl ester (471 ;EQ and triethylamne (328 1.11) in
chloroform (4.7 m) cooled to OC was added net hanesul fonyl chloride (118
A), and the m xture was stirred for 50 m nutes. To the m xture was added
5% aqueougwpmaas 2iddadh vt Ul §Q8t 1) ol (M @gyeoan sbdivme hidoiisd soletionad 3@ xtly, aod e
with et hylixtagevat ashdheitbhgarine (1@00eml)\Wabhes@farand aqlebys 1aaghedt avidifed1y 2M
aqueous sQeHolhyAyshIOX%E B8d Shhiish] A1 tﬁdolexaaawa&ﬁdhmuade%s@qdbum‘h&bﬂ %é Q?er

sol uti on g Eéq‘é‘ trarrﬁrvaawgtr QSr ({sfedrnwgna Wbl a8 , @058 ﬁm RHED
reduged et MLl Emedle g el DR EG
7.41°7. 3% afle %fot ya gé‘?
3.92.3. 8, row:g:, ver 0ys ug'me conge essxge 07§he(r3§t| tm§)
2.83- 2. 7Aes{dye errs rfy wasgad zntb2n-g§a5#rthytl5ﬁtatezsoe&02 %) (79111 myto” ghve the wied
s). [021 SPmP@PQXﬁq | [Tpe Blgrate was gqm:pmgﬁ:d updier reduced pressure, and the resulting residue was
3, 3- di f | ylwrrp-whsied dvithizabqxianeddtiy)] 4¢oat astetich, @/1dR2emmbaxyihite giveiackolid (ieng)y| The
est an 6- kalid whitiviry-@sdhed witbheidxed) ety ratathta sdidfion (512000 ml) agaid & 2ivs Melfide@n
of an 0pf{:btﬁﬁ’dulnbf(1"31@t v ?h&IQmQM%s Q(f)mbmed to give the titled compound (71.7 g).

ﬁefﬁgﬁggmﬁmﬁ @%)@‘s?ﬂ ;a)dk LA Héfl%v 06503|( g{ 32420 (IH, m), 3.90-_
mg) i N }fﬁ ng § At LR A S
(71 no, 8 )ne m xt ure was strrred at the sane

te rat or 1 hour. To the reactlon m xture was added 25 water, and the
m xt ure \Q@S eﬁptia%b’@dtiw empetil lof (@ treatleylallphpiperidipen, bdilca?@ryliwzaasidvvasdteldlwu th
sat ur at edstaqueous sodi um chl ori de solution, dried over anhydrous sodi um

sul f at e aOKknoeNE&#Riulaadsed under reduced pressure to give the titled conpound
(397 my). 1H-NWR (CDC13) 8: 7.41-7.3) (5H m, 5.25-5.06 (2H, m, 4.27-4.17
(2H, m, 3.96-3.82 (1H, m, 3.79- 3(4% (2H, n)Nst 41-3.27 (1H, m,
2.65-2.41 (0.5H, m, 2.38-2.17 ((. o A (9H, m). 30[0214]
(10)Optical ly-active conmpound of .
3,3-difluoro-1, 6-di azaspiro[ 3, 4] tane 6-carboxylic acid tert- butyl ester
[Chemical Formula 75] 56 (NO N O 00 To a solution of an
optical ly-active conpound of 3, 3- d ugro- 1, 6-di azaspiro[ 3, 4] oct ane-1, 6-

di car boxyl i id 1-benzy| ester 6-ter -butyI ester {397 ng) in

met hanol / t et ahydr of ur an "5 m/ 3. 2 ) was add 10% pal | adi um carbon (79

amc

ng), and {he ur e r'b'genat at roomtpenp Pdre 5 under ordinary
pressure holur he m xture was fiTtéred Ny ¢ugh Celite, and the
filtrate V\@§ concentrat ed under reduced pr essure,/,l\The resul ting residue was
purified 8y lica gel columm chromat ography (€ uedt: chlorofornfacetone =
4/1 to 2/1) e fractions which could not be se ted and i sol ated were

concentrat ed under reduced pressure, and the resulting residue was purified

by €P1icd1§8l col um chromatography (eluent: chloroform acetone = 2/1 to

1/ 1) agaild-(LTReedpemystslidcr fattaeft dnoepsicdlymastive comppiuné of ér(d—nwdwc-el&btlr-rapawirmricﬁer

reduced pircabsxylie atidlgémlaxtylhaext\izitﬂﬂd(odmmomdp(]éhgzlletmbl "H NWVR (CDC13) 8:

3. 96- 3. 74CHedtital RIrmuB 28D- 3. 37 (2H, , 3.35-3.25 (1H, , 2.45-2.35 (1H, m,

2.00- 1.88 (1H_ 1), 1.73-1.56 (1H, n') 1.46 (9H,_ s). [0215]

(11) 3, 3-Di f| Yoro- 1, 6- d| aszp|r0[3 4] octane 2 hy r chy orrde Chem cal

Formul a 76] OH optli cal | y-active co

3,3-diflu <15 6- di azr ro[ 3, 4] oct ane- 6- cibo acr rt- butyI ester

(211 ny) wgre added 4Mhydrochloric acid-1, 4- dr%ane (2. M) and 2M .

hydr ochl o@r%crd met hanol (2.1 m), and the rétare was stirred at room

t enperature r 45 mnutes. To the 20reaction m re was added et hyl

acetate and the m xture was filtered to give the titled conpound (163 np).
H RRR ( DVBO- B} -Meethyizlighpiperidime 13-dicapoxylic 3gid 3l-gs-bpty Hester) (2.03g)4 oproBd acatpe

rr), 2. 824D my ayid isppreganol [(OPmB|wetel M)xepta dissblvy.- Ae thevextowmps addeddR)-(-)-2-amino-2-

4- (3, 3- dphdnybetband] G4 ey amp ittt oat staredlyt rddth pytpeatued r 24 hdbd] e ishirdi ne

[ Chem camiftoreriss @1téréd, and theard1tils6lid Was. Washdd) witlPRehréfYe adBtaXd (67181) Wasdrih uhded

for 16. SrQadeg,rég@grhtorgeJeltmrt@gCor;[&emmaggrrrroe was cooled to roomtenperature.
Thenrgto water, and the m xture was f||tered to give a solid (126

ny) . The e \as racted with et hy ace /e ano S a

chl or of otgr)d(%e r?or““ Oﬁnlcggy'agf‘ﬁe PBRBIPASY agltyﬁﬁ nEaks dtc?réﬁf‘ngt‘/é?‘g -
anhydr ous sodi um sul fate and concentrat ed under reduced 5pressure. The

resulting residue was conbined with the solid and purified by silica gel
col um chr omat ogr aphy (el uent: chl oroforn methanol = 92/8 to 85/15) to give
the titled conmpound (170 rrg) 1H NWVR (DI\/SODG) 8: 11.63 (1H, br s), 8.10
(1H, s) 714(1H dd, J 3. 6, 24Hz) 657(1H dd, J 3.6, 2.0 Hz),

a A -— PN NN N s AN N NS a1 1

”~ N



0O NH 15An optically-active conpound of

4-(3,3-difluoro-1, 6-di azaspiro[ 3,4]oct-6-yl1)-7H pyrrol o[ 2, 3- d] pyrim di ne
(170 ng) was m xed with 1-cyanoacetyl-3,$H-dinethyl pyrazole (209 ng),

N, Ndi i sopropyl ethyl amine (117 }1.1) and 1, 4-dioxane (3.4 m), and the

m xture was stirred at 100C for 75 m nutes. The m xture was cooled to room
t enper at uerebutiltesterewith (Raeé-)-dehareub-S-phanyladtboiohqueous sodi um bi car bonat e

sol ution, and 3t(heathyxdllyhpipsviatineelx3-tianbexliviatib 1etdphtybaer 8108.6 HhR)F9Ramdhed
agueous |2%h@ﬁyl-3ﬁlar\’l@(>31@(§)r BEr6ish1 Whetaie @BONN) A8 HopfoBardoV(436 nPRdrE mixEl o Gigykiened
organi ¢ layRh WhpertiEe had i mnﬁ@%&u‘,@ane\qasaaqa&pﬁié séee@g\gm GithiRdd { £33 )Sg | Uhd R

dri e% OVl zi_tﬁQ:Wag st fgro fk kll'lorlprss ullhe u?ryar‘rplxm?eovpag tere (f glve Hle 1 leJ %qna)ﬁﬁ d (47.0 g).

pressure.

bpeipo e AR “*eﬁ|561f<ﬂ%¥@f8taﬁ§)m&%@a€5a e et o i shorer
chl or of of PR HARDY2S2 Iy profeet3/ 1) . The mi xture was concentrated under
reduced pressumgsomgnyith phwrterrsighti¢nrfines éxsiediian tweest 43 minpigs)\vashed with a ni xed
sol vent 25of rwmhepteaweh Bnpanetknt{o8tiines (retemgiou éinte6.70 ntihweet) conpound (177 ng) .
11- IONVR[¢IBWBO- D6) 8: 11.68 (1H, br s), 8.11 (1H, s), 7.17-7.14 (1H m),

6. 58 (1H(3)de) 0¥)t1call§ adiveledngdand oft-3 rﬂeﬂ%&al( H eriBine- ﬂa-ai%al‘ﬁc))gy%c(a%ld l-rfgn:—bu 1
4.12-4. 02sikrhkbovlhd fron 8- fﬁtr tgoi(( j’kZ)gg § g8 1H, ”)1 2.56- ﬁ,

m. [a] D= +46,6¢, RORY 2;] ;eg er ucid0218l Prepar at i on l
th -} 'y the Tesulting resi 'u.e was
g?lger ?3: SHEXT ‘;%Un?@’glﬁﬁ%y rgéla _“L’atf:re&# heergltx&}re §' ?amdlﬁed by the addition of

3- (333- diPPlatrsbLisfale ) tS%Rafa[t ﬁ%ﬂ@alﬁyqt&aﬁmaﬁleémltheﬁwweﬂmww gdiyncehlorgly To
a sol uti epluegn ﬁidp@memrﬁed wnder deduegdoprrspiiec Brothd residusrwasagdsd iseprppanol 36 eheg)
in N, N nSxudiervess hyrcémrarrd nhdbe rdd86:d prdsjurevergivealstotgltd patpsisd (hocgr bonat e (36. 2
g) and 3-HMNMR{(GDGh) & BRSO APHOPE L9516 (MH,)m), K06 5I0B €1 M #BE40asI i)l 3.60l at
60C for 4.83 (Muhp 2872 MheH! RACLI0N3 NG W) £2. VRS | AEdEgh)WRELT 55 35t hhe sipgsur e

was Rxtragh et i bunsheypng gihyy ) acetate (1/1) sol ution. The organic |ayer
was dri e% 1(1)()% r an ydrous sodi um suI ate, and concentrated under reduced

pressure. tin esi due was purifj |ica.ge olum_. |

chr omat oé@aph?ﬁé’?ﬂ‘éﬁP&ahy'ﬁgygrfSWB? IOfa’c f’ﬁ?tg’xalfybﬁypi‘)‘d"? Li‘étﬁf‘%@"yﬂ’ﬁécpi b ed
conpound T WIS 2 a3 phey-othael 4 46 (3H, m), 4.34-3.98 (1H, m),
3. 95- 3. 80 lqemwal rmutﬂﬂa 2.89 (1H, m,:2.87- 2:77 (1H, ), 2.50-2.40 (1H,

m, 2.08-1.98A¢H ), 1.75-1.55 (2H, ), 1.52-1.414JH ), 1.46 (9H s).
[0219] (2 1-Di fl uobd- al 1 y1) - pi peri di ne-1, i car boxyl i¥,acid
1-tert-butyl r, 1 we®H Fornmula 81] ™o of

pi peri di neé>\t; 3 di car K I|c acid 1-tert-butyl e
3-(3,3-diflLuoro-allyl Yéster (28.5 g) in tetrahydefuran (285 m) cooled to
-78C was 3dd&¢ 1ithi um hexanet hyl disil azide: (1°m13gf<et r ahydr of ur an
solution, 1 ). The reaction m xture was war o -2C over 6 m'nutes

stir¥ed at 20 ame t t for .addifi 15 mnutes, and th

cool ed to EE’ é‘i%H“g Fﬁaﬁgﬁgﬁ. ést%faé‘eﬁ\d% ?ﬁdél)egﬁ])g?“ PP 2srhepyl-chanel ¢ ]d% 819
ml). The I%Oé@e?ﬂ agiiate{ 32 meangdsorioraned 06 o} wermmitadpe fistolieat roapdensparatued Tae

t he same mixafpelutenwas afidad thakted ¢rpsiallob@dedrin(B)-@ s andthe myitie wae stiveed fdydFisfhioed. by
t he addi flherlugy mvatre wa§ B0&-edriang tHeatdubing doliyw AN Bhede0its isSE6hyl Baekiyedi1 oK intheto

sol Wi on g(v@Ghetitled cansbun@eaeds)WiAninAlyesRnesdid D9 HILC andi}6is s@Raoat 8dowiadani C

| ayer vvagnesgﬁjgla‘mhqgng\é} fehneM AHMEPMNS nﬁg,cgrwgchydrom de solution 3 25 tines.

The conbi ned mqg%%:wjm& m&m%ﬁﬁe@ég Roh % Adiggus Citric aci d

sol ution and extracte nic’layer was
concent;z e gﬁder Fe %@%ﬁﬂﬁggssupgms 8$?ﬂ8”?é§5$PV%ﬁ:ieS|due was

slurry- H with n- hexane/ et hyl acetate (5/1) solution to give the titled
conpBund (i)zs &pggally-active compound ‘of Br{1 pathylatiplniggridéne-163-gi5arboxgyc (atid, 1-teyt;butyl
5.72-5.6%st¢r1H, n), 5.56-5.52 (1H, n), 4.67 (1H, d, J = 13.7 Hz),

304.12-4.02 (1H, m, 3.46 (1H br s), 2.92 (1H, d, J =13.7 Hz), 2.70-2.61
(1H, m, 2.37-2.30 (1H, m, 1.71-1.54 (3H, m, 1.45 (9H, s). [0220]
(3)Optically-active conmpound of

3-(1,1-difluoro-allyl)-piperidine-1, 3-dicarboxylic acid 1-tert- butyl ester
35[ Chem cal Fornula 82] 59 : An optically-active conpound of
3-(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic acid 1-tertbutyl ester
(26.9 g), (R -(-)-2-am no-2-phenyl -ethanol (6.6 g) and isopropanol (270 m)
were m xed, and the m xture was stirred at roomtenperature overnight. The
slurry mxture was filtered to renove a 5 solid. The filtrate was
concentrated under reduced pressure, and the resulting residue was m xed
with ethyl acetate (97 m) and 25% aqueous potassium bi sul fate sol ution (97
m), and the m xture was stirred for 25 m nutes. The separated organic
Iayer was sequentlally mashed mnth 596aqueous potaSS|un1b|squate solutlon

T Y | o o o o o o o o




151-tert-butyl ester with (S)-(+)-2-am no-2-phenyl -ethanol [Chem cal
Formula 83] F OHNH, OHNH, -OHCH 0 0/ 0/0 0 /w\ The residue (16.2 g)
obtained in (3) was mxed with (S)-(+)-23sam no-2-phenyl-ethanol (6.6 g) and -
i sopropanol (162 m ), and the m xture was stirred at roomtenperature for
20 hours. The slurry 20 mxture was filtered, and the resulting solid was
washed \/\/[Qh‘?“!‘@b@r@blaﬁ&] (80 M) to give a solid (17.8 g). The solid was

m xed with ropanol (305 m), and stirred at for 20 m nutes and at
roomtenpe ure for 19 Hiﬁdrs The slurry m xtur s filtered, and the
resul ting|sol F!h i sopropanol (90 m Y give the titled
conmpound s IyS| s by HPLC anal yS| S ngition 1 showed that an

i somer witj Ionger re ention tinmes was a main pr)a\duct 25An isomer with
shorter r@tefition tines (retention tinme 5.41 m%utl®s) An isoner with |onger
retention tifes (retention tinme 12.47 m nutes) [ ] (5) Optically- active
conpound of 3-(1, 1- dlfluoro allyl)-piperidine-1, 3-di carboxylic acid 1l-tert-
butyl ester [EN@RREFIESFIS compayrd of 70- ecﬂg&rﬂeylmpeaﬂms .dtcamogwl&ceqlcbéteﬁ-
conpound byl etey andsalgiof (b2 @zmnyﬂ)phmyﬂ;@ma@nl 221 gBwere edder iy ethyl Beeiate (R64

1-t ebt - bod)ydndewatear(2ed mh, @E) the x)ixiregwds negidiiqahtentpt addihemof patab#u@ tgjulfarer elhe
added et kgphragd etrgine 288 whs) washdd 2686 sagueed aqueotsassiummchiosdd fdbdtens dhed b
(89 nl), adiroth@diinxiulfaR, MAScobdentrit@urider redfedipfiiesto geahs B @dhpdurdr @80i ¢
llayer wag) sgdugAl bx@hdc‘[ wheSREAy \Wddhn e'ie/%@ag‘éf%%l@m&ﬁtﬁ?rﬁé} dbdiRyl fate sol ution

gggymréu%%ﬁf ieBahed s 8420 (P 59@36? % sé@EHS:(J d“zs%@'z@ 18, m), 3.90-
ehetBi ¥ §é§ 2 E?u%g* %a’%‘?%ﬁ i ‘5% ﬁmﬁ% %’9“8(1?@"35 GPLES Pl g P43
5.72-5. 65 59560 ECH pddTH: 4.67 (1H d, J = 13.7 Hz), 4.12-4.02

(1H, m, (03¢ 21]6 (lH br s), 2.92 (1H, d, J = 13.7 Hz), 2.70-2.61 (111, ),
2.37-2. 30)( 1H0pmally-actm 10054>0’Q®H ofm) 3-banzgloxy@Fyongyminp G2 3jethylallyl)piperidine-1-
(6) Opt i cadrboryhcicidrert-dotypestend of

3- banzyl wﬁwabwhlamppo 3-(1,1-difluoro-allyl)-piperidine-1- 15carboxylic
acid tert-hut ester To asolutlon of an optically-active

conpound of__: Z\ 1-difluoro-allyl)- di ne-1, 3- dicarboxylic acid
1-tert-bu OEr.('lZ.S 9) andtr' lamne (11.2 m) in toluene (123 m)
0C was—added—drapwi e Gjghenyl phosphoryl azide (11.2 nml).

heated to i
The reactign mxture was stirred at M Or 28 m nutes, and then thereto
wer e add zyl alcohol (6.2 m) A‘ng 4- hyI am nopyridine (0.98 g).
The mxture/jés stirred at 100C overnl ht, and then cooled to room
tenperature and concentrated under r ed pressure. The resulting residue

was purified by sihiga Qflios Yruam, 9%19%&@9&&%}5 d &F lﬂgptmeth?l'ah {dﬁ*nfehyé

?(C::g[Ci‘g)e gxc%?(l’g 1 ?g gé:kg%ﬁ%g’ Pé;rg9§%§§5%%;§l\y friin %‘J‘gm})zm o % was added
5.53-5. 4 eny ) OVeE 23 uriptey 7 %%ﬁa"“r?i‘ migugyvas 6‘ ?Qf"b
4. 2893 990%@ at “Pﬁ same femzer%are apq they theregp, weres od alqohabiw

[ 0224] 3gm}mlmwx¢ngb}7ﬂ \mg)c aﬁp@uﬁg{ed}yas stirred for.33 hours with refluxing, followed by

3- benzyl ocojaide bomyteaperamre3andlacitiifad by theraddidemnyii0&xaquedus pbtpssiuoi perifath saktidn.
- car boxy Thembeirel whegxtratred with ehylecethtéhadileahgdmrimet aaSbisheddith saturated aquedis
50' ut i on sQfur@Bhlidel s6RLibY ariCdoh M@ rALNRRENA IRk pressure. The resultm remdue was purlﬁed

Zyl 9&( Q@@Mlﬂﬁfpc m§to };ly fubnt MG {'o let eRE8d, oﬁld
gglol eée{t % latedS Or, Pur e wer oncentra?‘e ungglegde Uee (ghssurj,rg r‘% resg txgg u)ﬁ‘l“)/(atsur e
was adde§d"'s ’Sa %?3 r°8 F?‘H’E‘aﬁ)ﬁraﬁhyg()e[‘ieﬁt a"f"é%s d’g‘E‘He ‘f Ruified

m xture @l%%rﬁeanhvefdoo affpcaipied uerged ‘eqqép@aw tp &ivp deditled eortrerndyd d0t)-onal
50 mi nut S&NMR (EPEl)nd:xt 1k 8206th rad 885 Jat(iank d- BefuBo@sSHs adi Gii2-Hio8 d¢Bomat e
sol Wi on4and.74 4.6 at e d.08G 92 @RI, 18))2P}UAB B MHmh)d B 64-0B8114H) ), BAC(OHNS, MOX{3H, €,
was extraet7gdiyi th chloroform The separated aqueous |ayer was extracted
with eth 616 et ate The conbi ned organic | ayer was dried over anhydr ous

di f t t d d t]
Tor est tub e h@ L e e e
n- hexane/"%t hPiG %‘8?51[“51— aétlofy‘lt‘coac i Oty Gie the titled corrpound (13.6 g).
1H NOR ( kormylagBl 7 29 (5H, rr) 5.78 (1H, br s), 5.15-4.99 (2H, m,

4.42- 3. 97 (2H m, 3.95- 3.75 (2H, m, 3.55-3.44 (1H m, 3. 15-2,60 (3H,
m, 1.79-1.67 (1H, m, 1.55-1.50 (1H, m, 1.42 (9H, s). [0225]

15(8) Opti cal | y-acti veconpoundof 3- benzyl oxycar bonyl am no-3- (1, 1-di fl uoro- 2-
nmet hanesul f onyl oxy-et hyl ) -pi peridine-1 -carboxylic acid tert-butyl ester

[ Chem cal Fornul a 87]



To a solution of an optically-active conpound of

3- benzyl oxycar bonyl am no- 3- (1, 1-di fl uoro-2- 20

hydr oxy- et hyl') - pi peri di ne-1-carboxylic agll d tert-butyl ester (13.6 g) and
triethylamne (11.4 m) in chloroform (136 m) cooled to 0OC was added

met hanesul fonyl chloride (7.8 nil), and the m xture was stirred for 50

m nutes. Totpbe_m xture was added 5% aqugo pot assi um bi sul fate sol uti on,

and the m xture was extracted with et hyI cetOdt e. The separated organic

| ayer was N tiaIIy washed with 4M sodi um hydr oxi de sol ution
tw ce and “sat ykated ueous sodi um chl )\sol ution once, 25dried over
anhydr ous );lq& ur"n e, and concentrate e uced pressure to give
the titled c ound .1 g). 1H NWR ( ) 8: 9-7.29 (5H, m, 5.65
(1H, br s),.5x15-4.97 (2H, m, 4.65-4.51 H m, 4.39- 3.98 (2H, m,

3.15-2.62 (3H, m), 3.07 (3H, s), 1.70-1.53 (3H, m), 1.43 (9H, s). [0226]
30(9) Opti cal | y agdlitica cgnpounebtisilly-active compound of  3-benzyloxycarbonylamino-3-(1-

3, 3- di f | usthylallylfpiptiridina-1sqarbo{l3.aGli naaberylester (15cag)i0¥hlbloorathdthatol (RENAY250
ester 6- kg dooledtty l788c s fhkddedFoeddir fopBouliRu&8]To tie Qa&@nﬁlﬁure was added sh@iufd
sSuspansi @sroRYdria@eh. 418 iR Al lqi’?chéslagd tHe thﬁr@w%Qv@meG%l%hm%xJn erzirﬁ're To the mixture
[(;Ip{\ll- glaln?wy 5@&6 Wa 8&54%%11]?1 ?)31019‘ a% Oglgloga g s extracteg with
o oo L .%neftéﬁg%%gu ?‘ & Sef’afated %Ctua%s*aygf i aﬂgff i té‘ﬁmwﬁ 2 geainy The
tert-but Z‘I’m agdg pr sh S “RPt hev F ot itardi HixedasIusPyYs, selpient 19E saflivmur e
was stir PEgLaRatyse “%W@Stléﬁ‘?p@ﬁét gP20 201271 5nl) vitlered 25 To) hd 1pBasstucon spilivmur e
was 18ddeehlopdeesolutign ¢l 25el).rdrxd ares aplaysiraa ragotsaun wilfate, eidyoncantetdieder Tdiaced
separ at egdressuganiThe| myutingneesidee gue putiitd Yy veisdaege] violdmnwvalirema@pepisa i dhicat: e
aqueous sedhdigthy At €e/030ba} io@ive thb titRd conifdunayrgious sodi um sul fate and

concentr&i{.&lﬂ/{w(@@}f@@l&@e}dzmmsrﬁ}”s%zt 5T1*39(1He§15“5t06"(@nf g 5!5‘ H@)S F&Hﬁ'ﬁ%ﬂ

silica g Ly 2} ace 1)

o guve (he G Hwﬁggﬁ%@fgff%}i%ﬁ%) LAt

52150g Y 43775 9914 (2H m), 4.13- 3.89 (1H,
,341 8 m, 2.80-2.41 (1H, m, 2.33-2.12 (1H, m, 2.03-1.87 (1H,
, 1.808. 67 (’&%“Yﬁ?twelcmowt)z’f ( Spminey3-(2thygsxydHmethylethylippgeyifiine-1-carboxylic

15( 10) Opeqidterttbyitvhesterve conpound of

3, 3-di f | [(Gremick] Borabukazad} spi r of 3. 5] nonane- 1- car boxyl i c acid benzyl ester 1

hydr ochl ori Chem cal Formula 89] 1 (N_J\ff O HCI To an

optical | y- acli v8Hconpound of | OH |

3, 3-di fl upr of4yp- di aza-spi ro[ 3. 5] nona

,@_—Idi carboxylic 20 acid 1-benzyl

t ester (12 6 g) yas ggded *4M hydrochloric

acid-1, 4-di oSZan@nt ), and the m xt?[{re was stirred at roomtenperature
for 30 m@utes. The~aFxture was conce@fr& ed under reduced pressure, and

t heret o ‘was ded toluene. The m xture y\%concentrat ed under reduced
preg8ure again to give the titled conpound (11.2 g).

11- 1- NMR ( CDCIgy sghutiqm o5 qpiiptliytaetive)com@o@sl ¢f13-henpyloxyparbdnyli@rife-322-hidrhxyni)-,
5. 13 ( 2Hmethylethdl)piBeriflir@al -¢attdxylR5ae)d, terBb @@} Ste? 21(0l), in Methadol $4D03nIB Waf 2dded M%
3. 28- 3. lfalladibin ¢8rhon2(234¢)] .afld tHedtix i) wab BZdBheraitd)AREdnE ddrhperAGt | WBercRERAYN
of 3, 3- dpkebsuRr for 66 thindy thQl Iﬂi&@lreswﬁg Wérémhgd hlbe}{tl: ankt e H1BAEwas Fonc rgated
spi nyl 3. Eﬁlda%éﬁb%a pressaf ) ?w e% 19&3&0 %% ter [Chem cal Formia 90]

,_A(r:ta;)pt);(c LIX/IR’" 09%3 31 g ! nane 1
4- chPor)cl)E %ﬁ%ﬁ (?0% %I Jégl ld‘fén(éH(%) 246)(9Ht§§t0a9§§ rﬁéﬁﬁg? (;—gl‘(ﬁt 18.7 g)

and wat el01{404 m), and the ntxture was stirred for 16.5 hours with 5
refl uxi n@) Th@ptmai&mqrtelevxmpemdl efdl 3traetindd rb-diezagrerofd, iinenana hd-didashorlx wed €l -
addéd et bopnkylastet Gtee-tandesat er. The mixture was filtered, and the filtrate
was separGemttaprmtiag2yr esul ting organic | ayer was washed with saturated
aqueous sodi um chl ori de solution, dried over anhydrous sodium sul fate and
concentrated under reduced pressure. The resulting residue was purified by
silica gel colum chromat ography (eluent: chlorofornfacetone = 3/1). The
resul ting residue was purlfled by silica gel colum 10chronat ography
(eluent: chloroform acetone = 2/1) again to give the titled conpound (12.0
g). "HNWR (CDCI3) 8 10.22 (1H, - br s), 8.37 (1H, s), 7.42-7.31 (5H, m,
7.10 (1H, dd, J = 3.3, 2.2 Hz), 6.56-6.51 (1H, m, 5.25-5.06 (3H, m,
4.77-4.62 (1H, m), 4.34-4.18 (2H, n), 3.75-3.43 (1H, m, 3.14- 2.94 (1H,
m, 2.52-2.38 (0.5H, m), 2.36-2.27 (1H, n), 2.23-2.11 (0.5H, m), 2.04-1.91
(1H, m, 1.90- 1.77 (1H m. 15[0229] (12)Optically-active compound of
.4-(3,3-difluoro-1, 6-di aza-spiro[ 3. 5] non-6-y1)-7H pyrrol o[ 2, 3- d] pyrim di ne
[ Chem cal Formula 91] :




NH  No- 20To a solution of an optically-active conpound of
3,3-difluoro-6-(7H pyrrol of 2. 3-d] pyri m di n-

4-y1) -1, 6-di aza- spi r o[ 3. 5] nonane- 1- car bog%lval c acid benzyl ester (12.0 g) in
met hanol / t et rahydrofuran (120 ml/ 120 m) s added 10% pal | adi um car bon
(2.4 g), and the m xture was hydrogenated at roomtenperature under 4

at nospheres for 21 hours. The mxture was filtered through Celite, and the
filtrate wasyco ntrated under ced pressure. The resulting residue was
sl urry- pur, d by a m xed sol I\S?/og‘) n- ane/ ethyl acetate (2/1) to
give the tt eWﬂc~ﬁﬁﬁnﬁa—t6—6- 1 13) 8. 10.04 (1H, br s),
8.32 (1H, s 7.10 (1H, d, J = 3.5 &), 6.53 (1H, d, J = 3.7 Hz), 4.60 (1H,
d, J = 13¢ ), 4.20-4.13(1I—d; 4.08-3.97 (1H, m, 3.92-3.81 (1H, m,
3.76 (1H, d, = 13.7 Hz), 3.64-3kK55 (1H, m), 2.08-1.78 (5H, n). [0230]
30(13) Optical ly-active conpound of

3-[3,3-di fl uorm- 6a ( Hokupiyd r Afo[ & 3offiqalyabivdi Nednpdding 1,08~ d3-BARo-3-(2:hydroxy-1-
spi ro[ 3. Yeagnatyl)piphridisk- T%&)xpfx@ﬁb@n&ﬁ%ht‘yﬁ ebt&h@mioca ieMbdsigle (% g) and
An opt i C%étﬁlﬂaﬁﬁhé Yﬁ AR Mroethae (400 D <ppled, tp 0°C was arided carbon tctrabromy
?6(2 3 dl éjg{ﬁ)x scr]ﬂa btai‘I L:,fca ﬁgr{%ai xt%;eé)v%l s%?dh%}tl_)g%ro OE é])j;(}/tlr and t
N, Ndi i sob’f" Vl‘@fﬁ?ﬂ '}Z(P ﬁ?f P\ 11 o @dﬁ‘ﬁtﬂ‘l XZRane % mib anc b%fﬁbjl cthi%"fﬁ’i’%f%re
was stirCE B, 4 11“8‘1“‘2“’355‘%9rasroorPHémﬁ?r%er@f %@m@w &dl thegnixemyas added

t enper at é?/te%quqthlé podiunhbicabenatgzselutioidds wdk end themiktirh avamesttagtee with shlesofaract 25d

wi t h et hyll). adbt a¢reratcfhgusepdayat eds agreeedswittayldorofuma (25 e agatix t TaE tadbinéd h
et hyll0 acetaahie ldyei waresashetheittconbi (128 moy, gemiagudoay S¥divnshisaRUeRLbRE 1LY M ahed

W th sat giatAdyReldeRiResA hlﬂfﬂeb'aﬁ@E&Q@tﬁ;a?ed%thI'e@lﬂ:e@-'ﬂg:sél% Uml R ALRAUS
sodi um CWagﬁhxﬂ%d%?lsH&:ﬁ ’coﬂﬁﬁ)%ﬂro%\é?or a?EeYe%em‘l?x-h%Q e}ég;gﬁyle ofAl € IBQ 7/3} to e%veb

concentr%eq Omrme pressure. resultingr ue was

silica g H\g\;géﬁi hIoroforrﬂacetone-S/

>13) < Smsgupey (glsens Sandl SRl AR o g g0
condent r A% §2Ritlet- 2‘? & ﬂléléﬁ Yy ebls2PE(0-5F n@)hb9? 884 $Hhgn) £20-438 QEhgnatise@H,

di et hyl eshéd8 (Bhd. thélMzxt ure was slurry-washed and filtered to give a
-solid (7[@7¢). The fi ltrate was concentrated under reduced pressure. To the
resul ti ngio)esiopuealivasteddegostidedt Brnetiier, ¢-dARpitd] 8, sHoxdnd!1ecawasylf] 4tid V-baeghed
to give astgolid (0.2 g). The conbined solid was purified by silica gel

15colhum ehnprmtaanary (el uent: chloroforninethanol = 97/3 to 9/1). To the
resulting solid was added et hanol, and the m'xture was concentrated under

|ne

reduced pres eto glvethetltled conp (7lg) 1H NMR ( DVBSO- D6) 8:
11. 74- (1H ), 8. lH s) 7.22-7. §5-6.62 (1H, m,
5.13-5.07(1H, \m—o 83( -o 18.8 Hz), 3.77 (1H,
dJ:192NHz)0361 55(1Hn) 2. 99> 91(1H 239229(1Hn)
2.26-2. 19, n, 199191(1H n, 16’3148(1H . 20[a] D = +139.52
(25C, c =0 1 , et hanol)

To a solution of an optically-active compound of 3-methyl-1,6-diazaspiro[3,5]nonane-1,6-
dicarboxylic acid 1-benzyl ester 6-tert-butyl ester (5.54 g) in chloroform (83 ml) cooled to 4°C was
added a solution of trifluoroacetic acid/chloroform (28 ml/55 ml), and the mixture was warmed to room

25 temperature and stirred for additional 2 hours. The reaction mixture was cooled to 4°C, and thereto was
added 4M aqueous sodium hydroxide solution (90 ml). The mixture was basified to be pH 9 to 10, and
extracted with chloroform/methanol (4/1, 60 ml x 2) twice. The combined organic layer was
sequentially washed with 5% aqueous sodium bicarbonate solution, 10% aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The

30 resulting residue was purified by silica gel column chromatography (eluent: chloroform/methanol/28%
ammonia water = 90/10/1) to give the titled compound (2.20 g).

'H-NMR (CDCly) &: 7.40-7.29 (5H, m), 5.18-5.03 (2H, m), 4.02-3.94 (1H, m), 3.41-3.26 (1.5H, m),
3.15-3.08 (0.5H, m), 2.97-2.72 (2.5H, m), 2.51-2.34 (1.5H, m), 2.24-2.13 (0.5H, m), 2.06-1.58 (3.5H,
m), 1.53-1.35 (1H, m), 1.30-1.15 (3H, m).

35 [0172]

(11)  Optically-active compound of 3-methyl-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-



[ 0231] [Preparation 6]: Synthesis of Conpound 6 [Chem cal Formula 93] H 3C
N NN 25(1)Optically-active [Chem cal Formula 94] H?CL H2N conpound of

2- benzyl am nopropan-1-ol HO HN 65 under ordinary pressure for 8 hours.
The reaction mxture was filtered throu Celite, and concentrated under
reduced pressure to give the titled conmpound (111.2 g). | H NMR
( DMBO- D6 jliafhispir] Binohare” | LAbboxyhk acid bedyllest8 (1H, m, 4.53-4.47 (1H, ”) 3.76
(1H, d, Hemica! Forbigth 348 66 (1H, d, J = 13.5 Hz), 3. 29 3.24 (211, :
2.65-2.55 (1H, m, 1.99 (1H br s), 0.93 (3H, d, J = 56.4 Hz). [0232]
(2)Optically-active conmpound of [benzyl - (2- hydroxy 1

-met hyl et hyN) - am no] acetic aciddgert-butyl ester IN For 95]

10 Tolalm xture of an optlically-active conpou d

2- benzyl am npplopgn- (4111N2 N\ pot-assi-tm-carlbon nd

N, N- di net ,J or 6 M)[\g\(/ d to 0OC was added ro V\nse br onpaceti c
acid tert-twtyloester (109 M) erH20 m nutes, and ﬁe m¥ture was stirred
at roomtenperature for 19.5 hours. The m xture was f\ll ed by the

addi ti on of 2M aqueous 15 hydrochloric acid solution and BM aqueous
hydrochl ori c Agiéhtisalylskii@N cbBipdibld 20f ARRHYAS, b@@hzwptrbptswoumel -atfdQPidThdia 1Lhe
sepasat egengfgaR: 2 Iz@ygr wi@Shi £t LAk tedudb 7R RmblY ?%&% 10107h r;soagé}&ﬁld
sol uti ong (Q the ?%17 ﬁ) Qx?d &/thpt r}erglg,ﬁﬂ}det%] %’m)lgta ere%sV\kta‘%e@ 4S chur WQh R u me.

agueous Soc Yy at e

iy The POPE R Rl do Mg CuBtiae p R s T el g
sat ur at eBYHA 58 gathed Bdth wiatesniOgt 2e0us 89T sRlordsglugpy. driggaveg érﬁlaﬁratl@aa%smm
aqueous Puipsr agaconesairpigd raderiiedused preydureac Ebaresulfing Oesiduy wagaurifiedThie sifembilned
or gdfi c tadymer wasmepgraphyove@tuesnhyblowismstdi uncsat f &t el/0and ddncéasltovwad edy
under r ecliaefdnpiretanl e X56) ¢ gee thbatldd dolpdurdigqppognd (160.0 g). ' H NWR

( DVBO- DE)H-8MR/ (DE1H- 8260 4dH0.30% 1H, /mPR 433 (18, £ 1ila0mBo ($11.26), GhhL7. Géd(lﬂJ my, §5R,
3.9 HZ) 6§1 @{ (ﬁ')"k 15 09 (12,1 5 oz so :13H6§1) (4 ﬁq &l 144 m)143149 bﬁg %ql_)' §7§3§§

(11 sf}) )%3’-’94 i %
(3) tlc t‘t‘r3v2e0i§§3[o %& W (?‘ ﬁ$§ Ig V_’Ll)(}ﬁd(rj?#n%‘] aceflcfag?g]

tert-but ster Chem cal Forrml a 96] 30[ 0234] (3) (1) Optically-active
conpound 8? [ Ertealy-aqtive compeund - abt Hy(B enetipl-} SediazasjraBetlian-Gai-aH perroloiit-y |
est er [ OllewimidineFor nul a 97] HO' 66 amino]acetic acid tert-butyl ester
(160. 0 g)Chenicalfoatigib 85IMm (640 m ) cooled to OC was added dropw se thionyl
chloride (50.0 m), and the m xture was stigyred at 60C for 2 hours. The
reaction m x e was cooled to OC. Then, th to were added saturated

aqueous s \pi %:)e sol ution (100 nnd chloroform (100 m ), and

the m xtute The separated origani c | ayer was washed with 5
saturated dqueows sodium chroride sofurion¥(500 m), and the aqueous |ayer
was extr ith chloroform (450 nl) ag Jhe conbi ned organic | ayer
was drie @ nhydr ous sodi um sul fate @@cent rated under reduced
pressuretGNgl e the titled conmpound (172 g 1H NWVR (CDC13) 8: 7.40-7.22
(5H20m, 4.05-3.97 (0.4H, m), 3.93-3.81 (2H, ﬁ‘) 3.70-3.65 (0.6H, m,
3.44-3.38 (0. EfH,a sppitiorBogn ()mi.csllli-acsiy@ c@nnnd df 2thetly]-6d 7TH-pPrrdlolAA)dIpBindidin3t- 15
(0. 6H, my)-18:ddzaspir89.5(dndrd; 1 -dBindxyli@ addtbehz§Bes(ed (284 g)in, mdhHOleitatttofiddan d4=
6.4 Hz), ml14 &I Basbddded ) 0% Jpaftdidr -cfton $368 mhe)l and theBhilxnsh wds fiydPogBndtd under 4
atmospheres. The mixture was filtered through Celite, and the filtrate was concentrated under reduced
25 pressure. The resulting residue was slurry-washed with toluene/tetrahydrofuran (95/5, 9 ml) to give the
titled compound (1.74 g).
'"H-NMR (CDCly) &: 10.63 (1H, br s), 8.32 (1H, s), 7.08 (1H, d, J = 3.5 Hz), 6.54 (1H, d, J = 3.5 Hz),
4.45 (1H, d, ] = 13.0 Hz), 4.214.14 (1H, m), 3.85-3.79 (1H, m), 3.57 (1H, 4, J = 13.0 Hz), 3.55-3.47
(1H, m), 3.08-3.01 (1H, m), 2.48-2.38 (IH m), 2.03 (1H, br s), 1.98-1.88 (1H, m), 1.84-1.68 (3H, m),
- 30 1.19(3H, d,J =7.3 Hz).
[0174]
(13)  Optically-active compound of  3-[3-methyl-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-
diazaspiro[3.5]non-1-yl}-3-oxopropionitrile
[Chemical Formula 36]



[0235] (3)-(2) Optically-active conpound of

[ benzyl - (2-chl or opropyl)-am no]acetic acid tert-butyl ester [Chem cal
Forrmul a 98] N 15 ' An opticaé y active compound of

[ benzyl - (2-chl oro- 1- net hyl et hyl ) -am no] acetic acid tert-butyl ester (172.9
g) was dissolved in N, N-dinethyl formam de (520 m), and stirred at 80C for
140 m nutes., The reaction m xture was cooled to OC. Then, thereto was added

wat er (1200 , and the m xture was extracted wt - hexane/ et hyl acetate
(2/1, 100 NHThe organi ¢ | ayer was sequenti al | hed 20 with water
(700 mM) and saturatedizggggs(odlumchlorldes i 0 00 m), and the

separ at ed alueous+| a racted with n-Qexangl et Jyl etate (2/1, 600
m ) agai Ny# combi n rgani c | ayer was concent tlat ed undel reduced _
pressure, (and the resulting residue was purifi edN6y| sNica gel colum

chr omat ogr yN(el uent: n-hexane/ethyl acetate = nto 40/1) to give the
titled conpound (127.0 g). 251H NMR (CDC13) 6: 7.37-7H29 (4H m, 7. 28 7 23

(1H, m, 4.0543 9 tl&ﬁ?actm’ co%lp%;:lnd( %H 4-g3u—me]th‘l - zaggn%%i%n %i])H

13.7 Hz), ]P%’rl 9d1 W% 1xe ftj ?yl - =
13. 9, 6 ola A,y -cvgio %e 1 N
(4)Onti c f 1°’°p lefh gmcng Jukh 2 ! db‘@ﬁ?%/ {185 QI t\’r&E’Y‘Fé Sﬁiﬁda?tb]é))(gﬁ for 3
aci dt er E’é"t £ VS [CepEH P R AT 9 I he’@k‘her?ﬂi \yegs added waterrgndysaturated

sol ution aﬁ)\{CO%SOéblm elﬁpqu%p ghutioy,cand dhﬁp@mﬂfe ofas extracted with ethyl acetate. The separated
[ benzyl - @@ueotd layen was pytracted mithahlodbing aad ihd combined otgydic gérewas(coflcebrgdd wnidek
hexanet hyddupdigsglaatanibdeefuBbigQedidue wai gueifiediby diliod geladdlpd6éhrsthito & aily deluér:
-72C was cﬂdﬂﬁﬂmﬁﬂﬂ@rpweﬁa@e 4 it 1 ho U daery ARk ST/ Bk Bhd o2 208 4 ﬂO/QMTmeEers@hmd{egﬁw an

sol ufoi 0N wag Herifidd) byod P cdifmIcRhE® aﬁ ethtéﬂt r&llﬁo vangrd, axgver
28u2"03§t Qe re‘r{an rgs% p&% 'RfdH LIS LG cﬂyo?n&ﬁov%ati ot ﬁgkogh n?rf%o %\f’ﬁ%"é‘
m xture % W g%elg;%n %’eg # ﬁ°m§8 a8 ¥ 500 HZ The organic Ia er was
sequent i ) Oh! Wak @H: Sr'ﬁé)dg I Ot Had7- 24416 44 d F B dddia, Gouitingd, 1 =

chlori de3§o At 35088 MY, math§4-H38 (Bdpal 424d BotiHows, 3 @y@H, wad-6éxtH.aef ed
wi t hSet hyk. Sérlzéﬁa%e? 413081, m))3 g2aPh(1HI, 2462Di3AétH,on)g2A4-2.25 a&rmmas 5-AroB &tH,
over 40andyld$3eU?7 Géidimynd. 301 4018, mand1qBHcEAtE7al Be. under reduced pressure.
The r esuld]Drg+i6830TRE Ma@s= p@&h{eiheﬁi)l) 67 by silica gel columm chromat ography
(el uent: g7kexane/ et hyl acetate 50/1 to 4/1) to give the titled conpound
(50.9 0) {Preparat10n21$ ﬁntﬂtéslslof pg 13) 8: 7.34-7.21 (5H m, 3.75 (1H d, J

-122 8 (1H, d, J = 12.6 Hz), 3.05-3.01 (1H,
3~ 9o [Ghegtcal Hogmulay 270259(1H m, 1.41 (9H s), 1.24 (3H, d, J =

7 1 5Hz) . &3 (5) Optically-active conpound of

3-net hyl azet -dicarboxylic acid di-tert-butyl ester [Chem cal

Formul a 100] o a soI ution of an optically-active conpound of

1- benzyl- 3-rr1r; hyl gZe 'ine- 2-carboxylic acid tert-butyl ester (43.5 g) and
di-tert-bu di ¢aar bo e (38.2 g) in tetrahydrofuran/nmethanol (130 ml/ 130
m ) was added 20% pal | adi um hydroxi de carbon (3.5 g), and the m xture was
hydr ogenaj®e r 4 atnospheres- for 2 hours. The mi xture was filtered

t hrough I|t , d the filtrate was concentrated under reduced pressure to
gi ve the Te Ncormpound (48.0 g). 15 H-NWR (DVMBO-D6) 8: 4.44 (1H, d, J =
8.8 Hz), 3.99-3H77 (1H, n), 3.45-3.37 (1H, n), 3.00-2.88 (1H, m), 1.45 (9H,
s), 1. 40(1]) 30PpeiHiing),3 dicaﬂ@XYIRHpidd;((ZJ)—but-Z-.eﬁyl[r&zber 1-eB2RB] estér6)

Opt i cal | yCleaiidaVEormampeund of

3- et hyl - 2- (3- net hyl - but - 2-enyl) - azeti di ne-1, 2- dlcarboxyllc acid

di-tert- butyl ter 20[ Chem cal Fornula 101] To g| sol ution of an
optically- ofionpound of| 3-net hyl azetidin oxylic acid
ditert-but I ster (480 and 1-brono- 3- net 2 butene (25.4 m) in

tetrahydroftyran (380 nml) cool edto =69Cwaa d | it hi um hexanet hyl

di si |l azi de .OM tetrahydroffiran solution, 20 ml) The reaction 25

m xture wis med to -20C over 40 ninutes, &pd irred at the sane
tenperature additional 20 minutes. To the r ion mxture were
sequentially added saturated aqueous anmoni um chl oride sol.ution (200 m)
and 2at er (3000 rl Sojutianabf t1Hebubagtcarbenyheds pipaidigecabokyit tabid Hehiexaned etehyl-3-(3-
acet at e ({ililethylaBOprobyl)-cIedisapar 355@! @) 93R1 CohlGd¥Bfm WasoS efmenthal |abrde\4’asi‘ed
with water (200 ml) and saturated aqueous sodi um chl oride solution (200

m ), dried over anhydrous nagnesium sul fate and concentrated 30under '
reduced pressure. The resulting residue was pur| fied by silica gel colum
chromat ography (eluent: n-hexane/ethyl acetate = 15/1 to 8/1) to give the .
titled compound (44.5 g). 1H NWR (CDC13) 8: 5. 29 5.21 (1H, m, 3.77-3.72
(1H, m, 3.49-3.44 (111, m, 2.73-2.52 (3H, m, 1. 76 1 74 (3H, m

)
7 M~ N a AN L N N a ~ - 1 - -— o~ 1L\



5 (44.7 g) in chloroform (45 nt) in small batches, and the m xture was
warnmed to roomtenperature. To the mixture were added saturated aqueous
sodi umthi osul fate solution (200 m) and#:/ater (300 M), and the mxture
was extracted with chloroform (500 nil). e separated organic | ayer was
washed with saturated aqgqueous sodi um chloride solution, dried over

anhydr ouaxmgﬁaﬁmumﬁmktm )odtd (BORGENE (Al @lred G0 R Y (RS BREHE Rad Adgi Ve
the titled ELQMUIDQ ((2@5 Igljj- d thn%ur@%s léﬁfergd 5tnr05rtherH§e¥§tux%tf§rp1MM?9uﬁo the

10f urt her eaQH&{ bl t odlu ’chlJorl t HZ( 0 ml
gusdy g Suligrd g
(o, =), gk e a?’ﬁ’ﬁ%?ft"fﬂ?é‘%%?ﬂfb >

(ot o), 145k pily - i c%
2- ( 2-enZ§HussH MBS ﬂt%thﬁasww%&@évwaé aq eé cthyLaceta§efd pdexapglhe mlxmre was |
15di -ter tsemtltwllye@@@ﬂ Wittt e@icowsqornsdium biBlfate solution three tiesgand ghtutafed aquspust he
resi due (s6&ud chloridbscitmedwicer T yheispparaed erigyde Bfarvan ad®@0Gilich pelu@d) mtidead the
benzyl aninmetufe3dasndtijrediind fl@radtteiopgl @dlise. e Theafittate vaas BdncEntfadwmBerstducepteds@e, 2
hours. Thead makaﬂalgmad&owaoalrﬁﬂdw slfea gEhedumd bRoRh@ RS RULEE nsRtnE/ iyl

tri aget oxyhar olyy rgd .Qee 4831 og)ng@la 6§§:\§ m xture was stirred at r oom

t enper at up QR (pMso-BAY! 5.74.385 (1L 1)e8635 9P ﬁm 0p8 HR LTS5
m), and I h§75"3)85 ﬁm _,7% : %§9§ﬁéﬂ q%%d(?}go r?1(39 %édm 81(?

mLl). The s)gpgéoﬁa or'gdnic

sat ur at ed 's sodi um chl oride solution (200 m ), and then extracted
with 5% a@/ébus citric acid solution (300 m, 200 nm) tw ce and 10% aqueous
citrisc addd 25-ddViethyleHyl)-2Heridihe-k3- 3)ca®01t§rlmasi.d 1Ferebognsiened aqueous | ayer
was basi f{Ckronitat Féddhdgqitdous sodi um hydr oxi de solution to pH 10 and extracted
with chloroforg (300 ,m). The organic |ayer was washed wi th saturated
aqueous sodiunlchloride sol ution (200 >dried over anhydrous magnesi um
sul fate ard doncenttated under reducéd preSsure to give the titled conpound
(46.9 09). Ny -1- BO-16) 8. 7.34-7.26 (4H m,
7.22-7.17 (IH, m), 3.74-3.65 (2H, m, |3.61 (1H t, J = 7.8 30Hz), 3.28 (1H,
t, J = 7.97H9), 2 76-2.66 (2H, m, 20 45 (1H, m, 2.15 (1H, br s),
2.05-1.89 ( m, 1.42 (9H, s), 12713& s), 0.96 (3H, d, J =7.1 Hz).
[0241] (9) Optl cal |l y-active conmpound of

2- ( 2- benzyl anil®derorjicy ofnipsidingt 1y &icarbixylic 2cid|p¢@)-bedstnybesesil derp-butyl ester (68.3
hydr ochl @ iideget8BBjy@himanc @00 Fal) robdled 19474°C RkChdded lithium Arexapéthy adibilazide t(1.6%
conpmund tafahirfDrdneomyidmnbambt Myt Jeadionehikiyteazas twatthddao D9 odhr G A bRxa4| dtigre@ et d
di -tert - e $aine @shRFatrd for 2d@diondPSs MinkRd dﬂﬁﬁ:boléd\ﬂohyéﬁc(ighhoﬁb ¢he mixture was added
aci d- 1, 41dhgKAns, Q&%Qdértab PRE, B Eleadibn Jmmu}e wanaa,&.&g B8 e bR

at 80C f lae M i rreI ?thgns&gl Neire gaedr{ on t ours orthr (r:"m we: et?e%y al
azeot rope ?ﬁw f%%_ (gL @Bﬁ%@aiquﬁuggo%%gﬁﬁ g@utfn ?’I ane/ ef‘ﬁ& &gef’at e

(1/ %?é 4?## -heggne (@OG ml) Jlihe sgparalyd aggcogg ! iwasaﬁld Ped by 25@@%6@3 h(vérpphlmc acid
7 47 7. 4ﬁol(le<|a fqﬁ)wedtbmxtr@ctmwwz pfhylgeetaig (M g, 90 mplt 150 my) thre: trges3 T cqmbinedn) |
3. 20- 3. 10rgatid, laygr, waz, 98h@l @8h (stkkated) aqueous So@mbBAchiRide softion] .dtid (oéd, antlydrdus=
7.2 Hz). sddiifd 24idte, @GdDoDpdntraad inytdef@ticse predif0 U redbitify Re8ZdAtas3lurry-washed with
- met hyl - b fexsHeRads Riefaf shBtidd (10Q) B thOmedlc6Rsne &2.5F9r mul a 105] INH N H

go( %oﬁ?ﬁ"g ﬁlQRQCﬁ'[@Lh;%SC@ PP (ﬁ‘t;l P! o :df% 13%% %5% Qlf Qf33 3.90 (18, m), 3.73-
hydr ochl ?5‘%2{2)}1 %’é 3P Eg{g) %'Z?EA Er}gpyl %9 yIQZr(n (éé4 1%)63(%?% 18 lordf%6r m
(290 ni) sma n o

1-y1)-N, N, N N -tetramet hyl uroni um
hexafluoﬂ@ﬂ sphat e (41 3 g) at roon1tenperature and the m xture was
stirred fdr 4 Salbhef en ofésalihective aempaynd nf 4 Lrmethyleally!)aitebeding-a3edicar oy licaseiois
sodi ¥m bitgtblgresteeang@$ utH-2amiiaDphenyl-alirdomat er (100 ml ), and the m xture
was ext r aCheddcaMFbinutdr of orm (200 nl). The organic | ayer was washed with
sat urated aqueous sodi um 20 chl ori de solution, dried over anhydrous
magnesi um sul fate and concentrated under reduced pressure. The resulting
residue was purified by silica gel colum chronat ography (el uent:

chl orof ormi met hanol = 20/1 to 10/1) to give the titled conmpound (21.3 g).
1HNWR (DVMBO-D6) 8: 7.38-7.31 (2H, m), 7.30-7.22 (3H, m, 4.52 (1H, d, J =
14.8 Hz), 4.29 (1H, d, J = 14.8 Hz), 3.35-3.27 (2H, m), 3.22-3.17 (1H m,
3.05 (2H, dd, J = 9.5, 4.0 Hz), 2.77-2.66 (1H m, 252.16-2.10 (1H m,
1.96-1.87 (1H, m, 0.94 (3H, d, J = 7.1 Hz). [0243] (11)Optically-active
conpound of 6-benzyl-3-nethyl-1, 6-di azaspiro[3.4]octane-1 -carboxylic acid
tert-butyl ester [Chem cal Formula 106] 70 mnutes. To the m xture was
added dropwi se a solution of an optically-active conpound of 6-benzyl-3-
met hyl-1, 6-di azaspiro[ 3. 4] octan-5-one (21.3 g) in tetrahydrofuran (100 m),
and t he nlxture was stlrred at the sane tenperature for addltlonal 45

. — .1 . o o o




[ Chem cal Fornmula 107] To a solution of an optically-active conmpound of

6- benzyl- 3- nmet hyl- 1, 6-di azaspi ro[ 3. 4] octane- 25 1-carboxylic acid
tert-butyl ester (10.0 g) in tetrahydrofyyan/ nethanol (50 ml/50 m) was
added 20% pal | adi um hydr oxi de. carbon (2.0 g), and the m xture was

hydr ogenat ed under 4 atnospheres for 24 hours. The m xture was filtered
through Celite, and the filtrate was concentrated under reduced pressure to

give the tit onpound (fgﬁzs g). (DVSO- @) 8:
3.88-3.71 Mhy 3. 06 ¢2H, m, 3.02-2.64 Q- oalH rr)
302.31-2.1 [ M, @ 1.72 (1H——3—379H, s 107‘1}@ =
Hz). [0245] N O

(13) Opti caé sact i veconpoundof 3- net hyl - 6- (7H pyrg) 2 3-d] pyrimdin-4-yl)-
1, 6- diazaspi [0[ 3. 4] oct ane--1-carboxylic acid tert-b ester [Chem cal
For mul a 108] L N An optically-active conpoun of

3-net hyl -1, 6-di azaspi ro[ 3. 4] octane-1 -carboxylic acid tertbutyl ester (6.9
g) was mi xed wiotasolptionpbb3-6L-methplaHylipinsfiding-1 3tdsartiopryleti aved (-teridpug) esterd® .86 8) wm
car bonat d,2-dilnethdxyéthgie @Adnivaheadded 5S)ril-)-2-amimd-Silienylethahalr(8d0 k@) asd thie tnfixture

r ef | uxi ngvas Fugedndt Xdou! @mpErstufeQVe@ELht. OTKOMIIH BIXALE Fhdifilfaredad GivieRabBd O .8\RS To
added watigd sofi@Wafhdded TPQinBRdxYEiRanbRSs xetstarna@teerglxmet WasCiMsOnaf QROTATEEHIA Rture

g ;?{J I:‘Lat éi&%ﬁ%ﬂ@-wzmd af B3R tgmhﬁytﬁ{e JW h@ﬁ‘% 1 e tﬂé 1t¥edv\§) glgléiw'l t4E' éyvakﬁ’ bnal C{yslljsm

G or 1 de PO BRI L G iy B S teatm S e P RS

m xture was a(fd’e‘a‘m%‘irP’”tE SPgET refeﬂt‘%‘)“meérﬁ’tftef‘ﬁ‘e“ ‘l‘ﬁ“?( ’é‘“\}t/t'fé stirred for 10
monutes, filtEPRENFHYMECSPPRIONAIRS CoReiattimetlddOmHaers) r educed pressure.
The YesullPi78y resi due was purified by silica gel columm chromatography

(el uent: (éhl orQyticallytagtivey borgrmatditod 3=(1Ihdthylflpl)ppedindy, 3 dithboxfior sddrettranall =
50/1 to 20%kd) to give the titled conpound (10.0 g). " H NMR ( DVMSO- D6)
8: 11.59 [Eldhicl Foduia A7 09 (1H s), 7.12-7.09 (1H, m), 6.64-6.59 (1H, m,
4.09-3.66 10(5H, m), 3 30-3. 21 (1H, ), 2.64-2.44 (2H, m, 2.27-2.06 (1H,

m, 1.36 ( SF, 1.21 (6H, s), 1.11 (3H, d, J = ). [0246]
(14) Opt i Cf?/\;mH ve corrpB'ﬂrzndof OH

~4-(3-nethyl -2, B-di az H]octfﬁ-—yﬁ—-—'H-Ppyr 9 ,3- d]l pyrimdine 2
hydr ochl ortf'zﬁ\e‘d 95[ che | For mula 109] Nto),) NHINTS N 2HC An
opti cal | yo&acCtd ve conpound of 3 -nethyl-6-(7H pyas%b '

[ 2, 3-d] pyri er@ n-4-yl)-1, 6- diazaspiro[3.4]octane-X_-carboxylic acid
tert-butyl ester (9.5 g) was m xed with 4M hydrochl oric acidl, 4-di oxane (50 -
m ), 15chl or of orTima(salp ofdn)opeacedly et weanmpound 0 3401 -nethglradlyt) hpéperidine 0 Bedisstx glid actde d
at 60C f arteR O3 &6tdd Uh&$S)- (Iﬁﬁ-aﬂﬂﬂétzlﬁt@n%ﬁxaﬁ&r(qig@rvEHr@ﬁ’ddéd\@@l&l zEc@QtéC(@ﬁ ml) and
pressure wa@amsamomme%%tehwtsotcuﬁﬁte hglaarcﬁu&nh@f dedsbigdl H;e

“H-NWR (%gt@g u ou xggvas( rethyl %gta thg)com 1'n a I%i}j}'v
:7,) 82 Z ng 11&*1'3 ”%100 agf oxés as lﬂq wggfate so g}ﬁccgn ij(atr? %nca, jiéevlgrii 9\15

(15)?&“ gplum-qulfy c'e SR es pad ?fét d ppes urtﬁopgwertbwoécsm

-1, 6- di EMBKFBFB) 8: 4188 1 A3} ), 53)95 bHoTp] éﬁ§t5rq2l(éH{I®1éﬁi5é&p (I:H_)rmm 53-
1101 2HA3 BBAM),GptliLd 24, mdtd.4%e2.ebtpbumd2.61-1.97 (1H, m), 1.64-1.56 (2H, m), 1.54-1.42
4- ( 3- met {yH; ), 6-46/(B% a5 pos B d4] oCB4E).y1l) - 7TH-pyrrol o[ 2, 3- d] pyri mdine 2
hydrochl goi®g (8.8 g) was m xed with 1-cyanoacetyl-3, 5-di net hyl pyrazol e
(6.8s9), (N Ndlop'il@g Q.@Mteet taﬁt@nwe of 2G_gth 1y1&99m90n§ra9m<3a(temétﬁﬁa y%)penmdﬁ he
m xt ure Oghl &g for 1 hour. The m xture was coole room

t enper at %%{lé o :]e was added saturated aqueous sodi um bi carbonate

sol ution ’t"ﬂ] s extracted with chl oroform nethanol (10/1). The
separated 3 ic layer was washed w th saturated aqueous sodi um chl ori de
sol ution, iled gyer anhydrous nagnesju Sulfate and concentrated under
reduced prlessjuné. The resulting resifdue purifi ed by 72 silica gel

col um chr t ogr aphy (el uent: chl ori% met hanol 30/1 to 9/1), and

yl

concentratgﬂ\under reduced pressure resu resi due was

sl urry-wa$he l\“h n- hept ane/ et hanolg 1, 90 to give asolid (7.3 g).
The solid | urry-washed with n-hept ne/ et hanol (5/1, 90 m) again to
give Crystal 1 of the titled conpound™ (6.1 g). 51H NVR (DMSO-D6) 8: 11.60
(1H, br s), 8.1%8 {olddon 9} an dpticiilK-ddtve Gﬁnpoﬂmd:033-5L-mgth§l1ah‘?l§»pe§d15§-1 do"d)artﬂﬁlyth =
3.4, 1.9 Hz), 4.18-4.14 (1H m), 4.09-3.93 (3H, 3.73 (1H, m, 3.71
(1H, d, J =19.0 Hz), 3.66 (1H, d, J = 18.7 Hz), 358(1H dd, J = 8.2, 60
Hz), 2.70-2.58 (2H, m, 2.24-2.12 (1H, m, 1.12 (3H, d, J =7.1 Hz). [a]D =
+47.09 (25C, ¢ = 0.55, nethanol) 10[0248] To the resulting Crystal 1 (2.6
g) was added 1-butanol (39 m), and the m xture was heated at 100C and

stl rred After the corrpl ete d| ssol ut| on of sol | ds the sol ut| on was cool ed

o M o, oA N~ . . o,



NN (1 )Optically-active conmpound of '

3-trichl oronet hyltetrahydropyrrol o[ 1, 2-c] oxazol - 1- one 20[ Chem cal Fornmul a
112] (N-10H G 1(710 0 HOCI CC d Cl To a solution of D proline
(100.0 g) in acetonitrile (400 mM) was dtfded dropwi se chloral (169 m) at
roomtenperature, and the mxture was stirred for 18 hours. The mxture was

filteredacandetBeyf dstet (mizeg VAG trfctitaditd @6 B ) U @dfiend @0UEFRkaR &S SOHCewas Hadddne
resul ti ngiramgecm X8 @' mBNehd Jagcn%é nmtzﬁwa@ smﬁ 2BhE AR RpULLR

hl f
gul ?ra?eorfg? 1 dho(t:lg ﬁx?:ogtﬂa% f?lgr% r(gm%& bécri%x %goy@zﬂ '-Tll)eaf d %Vd? %et%'rl] r%{ ﬁ(gpﬁrpﬁme z%g) \l;l\/;_ns
Sl ur ry- veRR I e WE SAEEG, Bt 360 ot PR 0 BRSPS ed
conp a(iq_qsigva-yer 61)1 ethyl apgiae y Fueas Cr(VIEH exgﬁctedmugpcptl(y ppeta(gqjthgp, a

9.0, 4 2 th@zyombsne@mrganzc?layq_wawashsd Mihawatgr (wWigs, and) satpatgd aquegs foliym nl)lorlde
1. 98- 1. 9Golufiéd, onay, drigd 8@ dnhg@rofid Magmegipym bukbate, bnd Sontdrittaterunded Q{d0RE Pyessure. The
(2) Opt i cakduympedsiduewapipidiedbly sifica gel column chromatography (eluent: chloroform/acetone = 50/1).
7a-al | yl 'l?n'etré'shlﬁﬂé RETEl Ydutigitd %hMﬁUa%Védllﬁlan&Iﬁ@rgzt@rﬂ%@%Qﬁenl n%ﬁane[e%%ﬂeﬁﬁ:l

FOI‘ lto 4/1) to 1ve thérf?ﬂ& c%gl H}n'd % di i sopropyl am ne

tsglt Lf‘r‘gg“ﬁfh%fg@ ;é,? z%q Sdm)dé‘él?‘@?%‘?lgb%i %! del stﬂs'( ﬁ‘%g 'ur% Ne), .
directly s pe TS 5L i P LS Ie Sl gaey

dr opwi se GHdB ut | on of 3-

trichlor d%ﬁphyl t et rahydropyrrol o[ 1, 2-c] oxazol -1-one (80.0 g) in

t et r Bhydr(6X ur &pti¢Al4Gicrite) ovecon@@umﬂ nut esf, and3-béreylokycatorylamiso-di(2-dgdrbyy-1-
stirred . foodthyRhytjpiperidise-1 -EabbAytic mikiettibatyvesseradded al |l y] bromide (57 ml), and
the m Xt ycrenies$ FébnfuC43y stirred for 1 hour. To the reaction mxture was
added saturated aqueous anmoni um chl oride solution (1000 m ), and the

m xture was_é&xtracted with ethyl acetate H 10 ml). The separated
@S washed with water (8! and saturated aqueous sodi um

organic |

chl ori de on (500 m). The separated)afflieous | ayer was extracted with
et hyl aceta )\GO/\@JSOO n) twice. THEEOompTRedNprgani c |ayer was dried
over anhydfo magn m sul fate, and ent r at nder reduced pressure

to give the tIed conmpound (86.1 g). 1H NWMR (CDC13) 6: 5.96-5.84

(1H, m, 5.22-5.21 (1H, m, 5.20-5.16 (1H M, 5.00-4.98 (1H nm, 3.26-

153. 15 (2H, mA Zoltfon2. 53 h2HoptiBally-gotik8- ?coﬁc@o(nﬁH, ofM 3-behz{A8xykarBSnyl akiiino-BY 1 -
1. 95¢l. 85ne(tﬁlyllillvﬂf)1pen%hn%21 éarlﬁ);( liclddid Mert-bl 2531& f(l n%) in %rb%n%{e{h\éﬁo](zé)m}d%d
of 2-all ycfoﬁe(at d7| B'@w]a %09 &i{opgéﬁl Hr ) hlges oetfl re'%{?o}é m&t%}ee\{'as%ddéges%gl}ﬂn

ester 20

7a-ally bﬁ“’??a}ﬂﬁﬁ”s S8 ik R orn&tifezv Sg%mae 307 g g AL
et hanol - (hg GHFUEP VS 1960 %Od'e%rwﬁW@ BR 5914 Qe 2 mlrtere
aci d (43 Vs extrag elorpfpamipvice urlde \%@blﬁ%q PrERdC fayer a3, washgsluyish aguepus sodium
ref | 3xi n@lcarbheatmdutlan alrigd gver euliydrpus magngsnmiselfnte ped eoneengaldd @iiecmdure presstied
under r edibe esulpnessiduewasTjueified byosilidagel @bunhrt ¢hngnatesaptiy éelas nadgted/ eaiyhytktate
acet ate (50Dtorth)) to gineltht kifed@oxipbii® M@smeXxt racted with water (500 nml). The

separ at edgONMRIDHSOANSs: Was. 7@?%51@%)99 Wists3 (ALt &Y, sGI0U%3Nh, 1%9%'5@411 H, m),

conbi ned 4ag9 I 4Z

sol utj on té% L@H 1%}’? T6T %ﬁuh% 9%15"?%0 %ﬁgﬂgé%u?%n&gcg’rbonaw @ngﬂg 83

f ol I 'owed gpr/ 0>I’U|on te (85.7 g) in

tetrahydr[ 8L]1 an (430 m) at roomtenperature, and the m xture was 30
stirred d¥er nl(Qj’HFa“y'Pé“‘tehéOWP%’tnér af \F?/ai@l%fd%bé%ihié’tfwrl"aeféi’latlhél)r(lml@mﬁ'l1)Carbah!d10t he
m xt ure wed taskbutyiesterd. The separated organic | ayer was sequentially washed
w t h wat éChqnli@DBormu)a 4ihd sat ur at ed aqueous sodi um chl ori de sol ution (500
ml). The separated aqueous |ayer was extracted with ethyl acetate (400 m)
again. The mbi9ed organic | ayer was drifed @ver anhydrous sodi um sul f at e,
and conce under reduced pressurfe. g resulting residue was purified
by silica }\ol umm_chromat ogr aphy,_ ( nt:? n- 35hexane/ ethyl acetate =
30/1 to 10/lp"t® gi he titled conmpoupd (61.2 g). 1H NVR (CDCl13) 6:
5.82-5.700(To0H, mi\.5. 16-5. 14 (1. 0H, O#\ .13-5.09 (1.0H, m, 3.73-3.66
(0.7H, 74 U}<3- 72 (3. OH, s), 3.63-3.56.X0.3H, n), 3.42-3.31 (1.0H, m,
3.1433.07 (0.3H m, 2.96-2.89 (0.7H, m, 2.65-2.57 (1.0H m, 2.17-1.98
(2.0H, ), 1.94%-alsoibiof Bf BiHpptichlly-dctid6 cqrZpodit] of)-perkyldBychbofthmisd-3-(2-AR2Ey-1-
(4) Opt i cahdibyiedtBl)piperidifsPoarBekylit acid tert-butyl ester (374 mg) in methanol (6 ml) was added 10%
2- (3- hydroxypropyl ) pyrrolidine-1,2-dicarboxylic acid 1-tert- 5butyl ester
2-met hyl ester [Chem cal Fornula 115] To a solution of

2-allyl pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-nethyl ester
(25.0 g) in tetrahydrofuran (125 m) cooled to OC was added dropw se

bor ane- tetrahydr ofur an corrpl ex 10 (1.0M tetrahydr ofur an sol uti on, 105 n1)

o o - . o . o o M o, o r




ester 2-nethyl ester [Chem cal Fornula 116] To a suspension of

2- (3- hydroxypropyl ) pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
30 nethyl ester (17.4 g) and sodiunrblgarbonate (12.7 g) in chloroform

(175 m) cooled to OC was added Dess- Mar i peri odi nane (28.3 g). The

reaction mxture was warnmed to roomtenperature and stirred for 1.5 hours.

To the rgalddin carbot (FRemppsn@ddagix@edival GP@beRRSE a MRk ramB&%!ufkdhmpﬁrd(rﬂarﬁ

9), and R8sk ok 44 ﬁoﬁ’x\@ST&txh&ﬁJ?edwefsqﬁtel%g tﬁpo{%ht Csitte, 11 thD Biefaf z}ascg cemrg(t%}] Ker

Cook o e, aeie, Al ed%&% n ey e nane (1 the

m xture ‘”‘ﬁﬁ\l M%ﬁ mz @ﬁ(d@d? wer e added 20% 35so0di um

th| osul f ﬁl\z i@ r?d 8 f@d G Tt 8P E5H-H0n 488 (Eb1suG B3 250
’and }mi xture was stirred at roomtenperature for 20 m nutes.

The m xt (?82has extracted with chloroform (200 M x 2) twice, and the

conbi ned (®r galipbcdlixyaetivenaenmunde df Brmethghh§-diaeaspirs®djnomansu|6Edit£b&RLc acid 1-

concent r dteg] asreeletter-Rdyieser pressure. The resulting residue was purified by

silica gethetdalrBinfuly 43t ography (el uent: n-hexane/ethyl acetate = 4/1 to
3/2) to give the titled conmpound (5.68 g). 5H NVR (CDC13) 5: 9.78-9.76

(0.5H, m, a. 68 (0.5H, m, 6-3.69 (3.5H m, 3.61-3.52 (0.5H, m,
3.44-3.32 OH m, 2.68-2.40 , ), 9-2.06 (2.0H, m, 2.03-1.76
(3.0H ml 1 4’11*2(#—&H—s-)—1->4 .%0@254] (6)Optically-active
conpound ofN 2-(3-benzyl am noprofjyl ) gyrrol i d&ine-1, 2-di carboxylic acid
l-tert- 1 yl ester 2-nethyly er [Chem cal Fornula 117] To a

sol ution of (3- oxopropyl ) pyrrolkdi ne- 1, 2-di carboxylic acid 1-tert-butyl
estep 2-nmethyl™ ester (5.68 g) in tetrahydrofuran (57 nl) was added

benzyl am ne (§,53,; rQem e an a1 %t N
for 1 hOer’ ]-Et}é] sl)luﬁBn Q)@ Jn ”B]i{ig:lu E&IVten Q) grr?neto Wax',’ a'%r(ljlﬁ g’?i h&;m)ﬂé
triacetoxyl é% h ur efé\% i FPagyyiphosp ‘(S‘Fn( ér%ﬁdur e
for 12.5" h”é ?8‘8}8? t?ﬂek(g urIEJ 2 dd d"%‘idéij rpon fefrabramde (596
sat ur at eH’ {F§° Lo, R AT St alerogwsy tG’E’P?J'ﬁt“ 2002 Aibpurs apdi cedled 19 KEUrhenas
ext rlact eébewtq Frens-addsda isthwlapyjne @éeuhtaad (benzyl cnlqunnatfc (267 AROandi th n@ytust was
times. Tetirddefor Oriviimues. oFgthaintixfuseyess adsisd acthechnd-theemanee (WaS@xtdcled witdethiie

m xture wesatextThacieparaist t digdhQYdaperl @au Se@Rnily asahetMwiihS tufrak® 2304t 'sgdﬂm(nlSO
mM X 3) BichbéRge solliien e dAiunesd @M@k@ldﬂ@ﬂﬂéﬂd@@@luﬂﬁpBﬁcﬁ&ﬁeﬁ%@ex@ﬁhé&%tﬁ%&%

sodi um hydf.exifdeccatdndhie®tindd? rBddcdd fn@ssﬁre r?é Pem\ﬁ@ts wa ‘&‘Qﬁe%a

BLS
aquegus 0 x ur e %ﬂ.ﬁ #JS £
Wi t%@et hgﬁ%g%rg?gé%‘gwgrﬁ Arﬁge(lmgégeté;} ?etaeaqueous 5y%r{e g d 8‘2? ‘gé\ﬁn th
et hyl acé}f X 2_2) tw ce and t he conbi ned organic | ayer was washed
with sat (89 E6F a1 ULT-4 SR (FH.am. 200 1h({1H, rrrhé 9813grRH, mayer
was dri ed38vep (%a’r"?h§/ér”'&§§ (FH @Dt &US GiFe mandi442p 8t mat2ekb-UATHErSH, edLzeld

pressur el 83 (g iHKent hé8ﬂ458K1éﬁnﬁolrﬁ9dOHdS),(l73’692@,§1H bt INMR .¢GBaE1B). 5: 7.27-7.35
(5H26), I8 (2H; s), 3.65-3.75 (0.7H, nm), 3.69 (3H s), 3.55-3.65 (0.5H,

, 3.31 4506t1ddit veZoBPouad bt 3(ntdthy idzaspiro r ic 4aci
?% -~ rfii?erZ og (1y433|_t|1 es),Qci 4% 23( (lfﬁ6d3a3r§f%5'§§0n§a§’e %gh bSS?yi c2 %Orl?en%;ll

1.45-1.6 1 44 (3.5H s), 1.38 (5.5H s) [0255]
30(7) q)tlﬁjcahcy a{)élg?ﬂ’\?e‘l% orrpound of
2- (3- benzyl opropyl ) pyrrolidine-2-car lic acid nethyl ester [Chem cal

Formula 1 N (6 neth ester (7. 69 g) ch | oroform (38 m)- cooled to 0OC
was added| 4 hy;;l—rc @c acid-ethyl jac tate \/@and the m xture was
stirred at Nroorotenperature for 3 hour s.>nNFO t m X e was added

addi ti ona[%% hydr ochl ori c aci det hyl acettate 0 m), and the m xture was
stirred mtenperature for 50 mnutes. The reaction m xture was
concentr at nder reduced pressure and then thereto was 5added saturated

agueggus SOdI up b G mn&taejz&gg on e( 150 mb. r e was ract ed
with chl “I 4 ol m‘ftﬁg figrasRiEel g? e Hosy er
was_ dri ed‘car %‘rym gﬁ t%?ﬂ@' S8 Qiffts fyfl éf & %ﬁo‘n@dﬁé’@r‘r’ﬂf%ﬂ“e@ Bhdwee! erifgg&c‘édvasy
pressur 24367 giflraropsrac apid (4 mlb ppd the drigrro gasgyarmed i \gRy temotratpresand Atiged for 22
(5H, m, ad@ltmval(lirqur syhe rgactign pgre wys bagifigd b e 2addined offM aque6-sBdiGh Hydidxide) |,
2.21-2. 18)11(“@&1 and) ¢xtract®® -with lof@btm. mjThe IsepkBatdd Brbarid thyermvas WRERASGkh saturated
(8) @pt i cajubaus aadiii ehloOMEOLLE6n, raﬁed7mrarem1yamas sbdlinda B P hidoflecalr e € itePre e d

[ Cheni capredsore Mdigide thd Glted comPosifl émsl
2- (3-benzyl am nopr opyl ) pyrrolidi ne- -car boxylic acid nmethyl ester (133 ny)

in 15 xylene (1.5 m) was stirred at 130C overnight. The m xture was cool ed
to roomtenperature, and purified by silica gel. col um chronmat ography
(eluent: chlorofornf nmethanol = 10/1) to give the titled conpound (90 ny).
1H NWR (CDC13) 5: 7.35-7.21 (5H, m, 4.68 (1H, d, J = 14.6 Hz), 4.48 (1H,
d, J =14.6 Hz), 3.31-3.18 (3H, n) 2 90- 2. 83 (1H n) 2.12-2.04 (1H, m,

AN A==



1.54-1.41 (1H, m, 1.37 (3H, s), 1.33-1.23 (1H, m, 1.29 (6H s). [0258]

(10) Optical ly-active conmpound of 1,7-diazaspiro[4.5]decane-1-carboxylic

acid tert-butyl ester [Chemi cal Fornmula 21] 5 To a sol ution of

7-benzyl- 6-oxo-1, 7-di azaspi ro[ 4. 5] decane-'| -carboxylic acid tert-butyl ester

(76 nmg) in tetrahydrofitran/methanol (1 mi/1 nl) was added 20% pal | adi um

hydr oxi d&H-buEb GAMSDEDNG) 7.42410 1t (B@HYI W26-498S2y moge0aBe8s ek m)4 3.64-3.55

?L m?prte(laﬁm )N 8.480 XY 0. SH WA 3:‘3!5133@(@@}1 Im)oyghz@l(s be, Itmd%@ 2nz9t 1QBE ), 02’-;3{21
eriitsa M%Qﬂ‘iﬁfﬂrl@ .o, r !

compound] ?o £ b(@@ C[;g'i‘ 9122‘?@‘5 &%ﬁgﬁednﬁgg Gﬂ)bf i,

27823%&% ,217207(1Hrr)193 178(1Hrr)176162(3H

m 1. 53933 (12H, . [0259] (11)Optically-active conpou

7- (7H pyflPY| opzn%ﬂ“&ww. mi eAmpound; 1) -af 7. i msthy - G7wans]oa%éélvérlm1d%«éwlad@ ic

aci d t er fiazagpiyd[3.glaerape- 1 5ot aud bemaylrasten 122] Cl NNNN

1, 7-Di azaé‘pnmcm[ﬂqrﬁa]ﬂdé@]ane | -carboxylic acid tert-butyl ester (51 ng) was

m xed with 4-chloro7H pyrrol o[ 2, 3-d] pyri m dine (36 ng), potassium carbonate

(59 mg) and water (1 m), and the m xture was stlrre%%l 5 hours with

refl uxi ng. e mxture was cool to room t enperatur t here s 20
added wat ‘The m xt ed with chl orof okm T | ayer
was washe @ g\bus sodi Tmchtroride™sol Wi onp dri ed>over
anhydr ous di ugfrsu f and c%n,/e rated under redu essure. The

resul ting mtesi due was pur| fied by siflica gel colum ogr aphy (el uent:
n- hexane/ et hyl acetate = 1/1, foll owed by chl oroform th nol = 20/1) to
give the titled conpound (60 ng). 251H NVMR (CDC13) a: 10.58-10.90 (1H m,

8. 300( 1H, br shn gptigaily(agtiye pempppnd @f 4Bmethghl,0-didzaspyo[3 A]n@Gang: 18cartokidic mid 1-

4. 52- 4. 6BengdlHestam) (1083 nigR w&is 9hix€d) withi, 4-chioroFHeRdio] B 3{d]pydihdiding (328 m3Y, - @dsGurhi 1H,
m, 3. 04ca3b&1@te((85 fak), andwate? (BBmB, &l stifrkll ovemight wii reflukshg( Ohé Mhixtide, wab c8Fedkold
(1H, m, ro@nﬂ@nﬂaex@ﬂre( Ghll efacted - v&iﬁl élﬁer@ﬂrms) Thelsd)gra{eé (ﬂ’éﬂmcsbayc{ro'zg%okashed with

30(12) qa&a'nﬁ?tlaé X l;SI %@1 &OEEH&&HE oRx ion, drled ov r a ous sodium, .sulfate concentrated
4 (]I57 dll?%i%ﬁ%‘ e(a pres eCThe r?és tm reP i \Qvaso E ajyp é’xf]ca gc(ii Elmn[a%omatogriphy

7 (7H- py i‘e’f?nfﬁ?}ylraicﬁfn& nZH tcﬁlq/ pligwved bé'z‘ﬁ’é“ﬁ?ff”a‘f/ﬁle@]"%fécagﬁ@ tq givedhailed) i ¢
aci d t er frHY ) in chloroform (1.0 mM) were added 4M

hydr ochl a1 @MS@@M 1468 (101 bt 9), 8.15 B1.0ML)s),ad - 2M (Pl ol By (1OH, dd, T = 3.4,

aci d--met hamiz), §@3-6551 PH, and 00RO 2nB %ty Mg, 416854.53 (1r0Hs oh)at.0 r-B.6n( 1.epe), ausH389f or
2. 52bour @.5H 1), B.85E LT N5HI k), B126-3VIBS0 SN @O 9BL 84l (Lo ah), 2GR 1 DHE 5 UT.85-
and t hen2 az emsm,oRed.20istiln (bcshu Eez .03thes (esi dde 1W8S . T@e@to'Pﬁ'ni)Zﬁés @)Szt(mﬂ .
addi ti ong 94 (A apegysi$0odi um hydroxi de sol ution, and thereto was ad
saturate ueous sodi um chl oride sol uti on The m xture was extract ed vm th

chl or of OF) The.separated or ol v concen ed u r reduced
oressur e1th oPauTRE G 1 o8P BRonpou s P L A e B Goog -
(112 br gyﬂm’émzs (1H, s), 7.04 (1H d, J = 3.7 Hz), 6.52 (lH d, J = 3.7
Hz), 3.9fhem@glKopmulagy] 3.81 (1H, d, J = 13.0 Hz), 3.72 (1H, d, J = 13.0
Hz), 3.10-3.00 (2H, m, 1.94-1.80 (3H, m, \1.78-1.70 (5H, m, 1.55-1.47

15(13) Opti cal | y-acti veconpo of 3 -ox0-3-[7-(7H pyrrol o[ 2

' N')%'oyl) - di azaspirol 4. NH -yppropionitrile [Chem cal
spi Po[ 4. 5] dec-7-y1)-7Hpyrrol o] 2. 3-d] pyri m di ne (30 nmg) was

m xed wt 0 cyanoacetyl- 3, 5-di met hyly le (38 ny),

Nl\l-dllsokg |2t hyl amine (42 p.1) and 1k4 ane (1 m), and the m xture

was stirred at{jllOC for 75 mnutes. The mbkthe was cooled to room
tenperature, and then thereto was added saturated agueous sodi um

bi car bonat e s&f @tsPyHon Than eRtigtllyrastiviacorenaupdief danefivi-A-(Bi-pytrolglet-dpwimitine-

or gani ¢ YlayérdiagaspiraidiSdupnaneelr-cazghoryléh asirsbenayjresist (#hmsgllif atethanalfigrabpdreferan (b ed
undéd r edlit.8dnipves sdded. 10¥hpalladisml ¢artog (16 shgjuendnhs npiutufel wesdhyalyogehdtéd endgel
col utm chmgm;te@g fRRBholre! TaakixtddGits FNefea rtmleghmzém@caﬁd e il ratd Avds c&@&rltm@ﬁd
by chi Or&’rfd‘éf &Qxletcr 135(hlu¥181 &Hpdl dt(Q ye the titled COWPOUHd (32 rrg

TS Ll

1.8951 68) (441 UHlﬂéG j?”ésﬂﬁ oy I(EiL7Hi 83v§2H. 30 éﬁ)l 574 Ié,smss
(25C, ¢ = 1.04, net hanol) [0262] [Pr epar ation 8] An opti cal :
active conmpound of 343-nethyl-6-(7H pyrrolo[2, 3-d] pyrimdin-4-yl)-1,6-

di azaspiro[ 3.4]oct-1-y1l]-3-oxopropionitrile (Conpound 6) was treated
according to a conventional 35nethod to give 1 hydrate thereof



79 11-1-NWVR (DMSO-D6) 5: 11.60 (1H, br s), 8.08 (1H, s), 7.11 (1H, s), 6.58
(1 H s), 4.16 (1H, dd, J = 8.2, 8.2 Hz), 4.11-3.61 (6H m; 3.57 (1H, dd,
J =7.65 6.26 Hz), 2.70-2.57 (2H, m), 2,324-2.10 (1H m, 1.11 (3H d, J =
6.9 Hz). [0263] The followi ng Tables 1 to 3 show structural fornul ae and
1H NMR spectral data of Conmpounds 5 1 to 95 prepared according to the
above Prédgan#iidohs73H4.NVR spectra are neasured in CDC13 or DVBO d6 by

usi ng teqmmﬂpthylsilane as an internal standard, and all 6 values are shown

in ppm eS%)pQ&JH LhWvee SRepbided. o 499 LNMR ﬂ%&&{s@%l\ﬁ@&nﬂ%@q éor
rreasuremagltzaS §1_ Gﬁgghg)gﬁq gt he follomnng meani ngs. S:° singléet
doublet %%E?E %ﬂuart P gouble doubl et ddd: doubIe doubl e doublet

15brs. S|ng mul tiplet J: coupling constant 80 [0264] [ Table
1-1 No. Str tural Forrmula Comments NVR Data | N \----- 7 CH3 N Conpound 1
(Optically: t|ve substance) 1H NWVR ( DVMBO- D6) 5: 171 (1H, br s), 8.12
(1H, s), T.2 F H dd, J 5 2 4 Hz), 6.65 ([1H, 3.6, 1.9 Hz),
4.93-4.88 t\ : 4 24-4.1 & ,QS 67 (2H, s), 3.61
N\ (1H, z—z{%\ 346341(1H (9329'5(1H n,
242235N( 2.34-2.25 (1H, ), 8 (1H, M,

1.83-1.77 ,N , 1.57-1.43 (1H m, NFIN EL n(3H d, J =7.1 H).

H
An optically-active compound of 4-(3-methyl-1,6-diazaspiro[3.5]non-6-yl)-7H-pyrrolo[2,3-
d]pyrimidine (25 mg) was mixed with l-cyanoacetyl-3,5-dimethylpyrazole (32 mg) and 1,4-dioxane
(750 pl), and the mixture was stirred at 100°C for 3.5 hours. The mixture was cooled to room
10 temperature. Thereto were added water and saturated aqueous sodium bicarbonate solution, and the
mixture was extracted with ethyl acetate. The separated aqueous layer was extracted with ethyl acetate
five times, and the combined organic layer was washed with water and concentrated under reduced
pressure. The resuling residue was purified by silica-gel thin layer chromatography (eluent:
chloroform/methanol = 9/1). The resulting residue was purified by silica-gel thin layer chromatography
15 (eluent: ethyl acetate/methanol = 93/7) again. The resulting solid (8.0 mg) was slurry-washed with n-
hexane/ethyl acetate solution to give the titled compound (6.7 mg).
'H-NMR (DMSO-D6) §: 11.70 (1H, br s), 8.14 (1H, s), 7.19 (1H, dd, ] = 3.5, 2.4 Hz), 6.64 (1H, dd, ] =
3.6, 1.9 Hz), 5.03-4.96 (1H, m), 4.66-4.59 (1H, m), 4.11-4.06 (1H, m), 3.70 (1H, d, J = 18.7 Hz), 3.65
(18, d,J = 18.7 Hz), 3.60-3.55 (1H, m), 3.45 (1H, d, J = 13.0 Hz), 2.97-2.89 (1H, m), 2.46-2.41 (1H,
20 m), 2.40-2.34 (1H, m), 2.00-1.94 (1H, m), 1.88-1.80 (1H, m), 1.64-1.51 (1H, m), 0.91 (3H,d, J=7.1
Hz). :
[a]D = +202.79° (25°C, ¢ = 1.04, methanol)
[0187]
{Preparation 3}: Synthesis of Compound 3
25 [Chemical Formula 50]

N
NO}_\\

Y
N

) Piperidine-1,3-dicarboxylic acid 3-allyl ester 1-tert-butyl ester
[Chemical Formula 51]
0 (0]

O)J\OH . P (j)ko/\/
N * — N
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2 CH3 Conmpound 2 1H NWR (DMSO-D6) 5: 11.70 (1H, br (Optically-active s),
8.14 (1H, s), 7.19 (1H, dd, J = 3.5, substance) 2.4 Hz), 6.64 (1H, dd, J
= 3.6, 1.9 Hz), 5.03-4.96 (1H, m, 4466-4.59 (1H, m, 4.11-4.06
(1H m), 3.70 (1H, d, J = 18.7 HZ), 3.65 (1H, d, J = 18.7 Hz). 3.60-
3.55 (1H, m, 3.45 (1H, d, J = 13.0 Hz), N\N 2.97-2.89 (1H m,
2.46-2.41 (1HTony,soldtion @f 4GteR:IButbxfdakhongd);3-Rpddidintcabbx (i, acid) (50.0N g) lin88;N-. 80
(1H, m, dimefddfbenminideldpo ), werdhdded Pokaskidt, catbonste 074 g alllyl Bromide (28.3 ml), and
' the mixture was stirred at room temperature for 3 hours. To the reaction mixture was added water (600
ml), and the mixture was extracted with ethyl acetate (600 ml). The organic layer was sequentially
5 washed with water (600 ml) and saturated aqueous sodium chloride solution (400 ml). The separated
aqueous layer was extracted with ethyl acetate (300 ml) again. The combined organic layer was dried
over anhydrous sodium sulfate, and concentrated under reduced pressure. To a solution of the resulting
residue in n-hexane/ethyl acetate (4/1, 400 ml) was added silica gel (70 g), and the mixture was stirred
at room temperature. The mixture was filtered, and the filtrate was concentrated under reduced pressure
10~ to give the titled compound (62.5 g).
'"H-NMR (CDCl;) 8: 5.97-5.85 (1H, m), 5.36-5.20 (2H, m), 4.63-4.55 (2H, m), 4.34-4.01 (1H, m), 3.97-
3.86 (1H, m), 3.16-2.88 (1H, m), 2.86-2.77 (1H, m), 2.53-2.43 (1H, m), 2.11-2.02 (1H, m), 1.75-1.57
(2H, m), 1.52-1.39 (1H, m), 1.46 (9H, s).

[0188]
15 2) 3-Allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl ester
[Chemical Formula 52]
0] l 0
Ej)\o/\/ OH

N

- N

X X
To a solution of piperidine-1,3-dicarboxylic acid 3-allyl ester 1-tert-butyl ester (62:5-g) in
tetrahydrofuran (625 ml) cooled to -72°C was added lithium hexamethyl disilazide (1.6M

20 tetrahydrofuran solution, 160 ml). The mixture was stirred at the same temperature for 30 minutes, and
then the reaction mixture was warmed to 0°C over 12 minutes and cooled to -67°C again. To the
mixture was added trimethylsilyl chloride (35.2 ml). The reaction mixture was warmed to 2.5°C over 1
hour, and Stirred at the same temperature for additional 2 hours. To the mixture were sequentially
added methanol (250 ml) and 1M aqueous sodium hydroxide solution (250 ml), and the mixture was

25 washed with n-hexane (940 ml). The separated aqueous layer was washed with n-hexane (250 ml)
again. The separated aqueous layer was acidified by 1M hydrochloric acid water, and then extracted
with ethyl acetate (800 ml). The organic layer was sequentially washed with water (800 ml) and
saturated aqueous sodium chloride solution (400 ml), and the separated aqueous layer was extracted
with ethyl acetate (500 ml) again. The combined organic layer was dried over anhydrous sodium

30 sulfate, and concentrated under reduced pressure. The resulting residue was slurry-washed with n-
hexane/ethyl acetate (10/1, 660 ml) to give the titled compound (53.4 g).
'"H-NMR (CDCl;) &: 5.81-5.69 (1H, m), 5.14-5.06 (2H, m), 3.93-3.78 (1H, m), 3.54-3.45 (1H, m), 3.29-
3.14 (2H, m), 2.43-2.34 (1H, m), 2.29-2.21 (1H, m), 2.07-1.98 (1H, m), 1.65-1.49 (3H, m), 1.45 (9H, s).
[0189]

35 3) Optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl ester
[Chemical Formula 53]



Compound 3 1H NMR (DVSO-D6) 8: 11.73 (1H, br (Optically-active s), 8.13
(1H, s), 7.22-7.18 (1H, m, . subst ance) 6.67-6.63 (1H, m, 4.96 (1H, d,
J =12.6 i 0O\ Hz), 4.68-4.60 (1H, n)4 4.11-4.03 (1H, m, 4.01-3.93 (1H,
m, 3.71 (2H, s), N 3.53 (1H, d, J =712.6 Hz), 2.98-2.88 | (1H, m,
2.40-2.30 (1H, m, 2.03-1.90 (3H, m, 1.83-1.75 (1H m, 1.59-1.45 H
(1H, m. 4 F Conpound 4 1H NWR ( O D6) 8. 11.68 (1H, br

(Optically-active s), 8.11 (1H, s)! 7,17-7.14 (1H, m, 6.58 F

N

)\O

OH OH
P e .
OH -
o N
A

0
OH OH j
X X

[0190]
(3)-(1) Seed crystal of a salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid
1-tert-butyl ester with (S)~(-)-2-amino-3-phenyl-1-propanol

5 3-Allylpiperidine-1,3-dicarboxylic acid I-tert-butyl ester (3.0 g) was mixed with isopropyl
acetate (30 ml), and the mixture was heated to 80°C to dissolve. To the mixture was added (S)-(-)-2-
amino-3-phenyl-1-propanol (1.01 g), and the mixture was stirred at room temperature for 21 hours. The
slurry mixture was filtered, and the resulting solid was washed with isopropyl acetate (8 ml) and dried
under reduced pressure to give the titled compound (1.5 g). The filtrate was concentrated under

10 reduced pressure and used in (4)-(1).

f0191] _
(3)-(2) Salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl
.ester with (S)-(-)-2-amino-3-phenyl-1-propanol
{Chemical Formula 54] :

15
+ To a solution of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl ester (73.3 g) in isopropyl
acetate (733 ml) heated to 80°C was added (S)-(-)-2-amino-3-phenyl-1-propanol (24.7 g). The mixed
solution was cooled to room temperature. Then, thereto was added the seed crystal obtained in (3)~(1),
and the mixture was stirred overnight. The slurry mixture was filtered, and the resluting solid was
20 washed with isopropyl acetate (210 ml) to give the titled compound (37.4 g). An analysis by HPLC
analysis condition 1 showed that an isomer with shorter retention times was a main product.
An 1somer with shorter retention times (retention time 6.01 minutes)
An isomer with longer retention times (retention time 8.94 minutes)
[0192]
25 (3)-(3) Optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl] ester from the
filtrate of (3)-(2)
The filtrate of (3)-(2) was combined with the wash solution. Thereto was added aqueous
potassium bisulfate solution (22.2 /365 ml), and the mixture was stirred. The separated organic layer
was sequentially washed with 10% aqueous potassium bisulfate solution, water and saturated aqueous



substance) (1H, dd, J = 3.3, 1.8 Hz), 4.66-4.58 (2H, m), 4.24-4.13 (2H, m,
4.12-4.02 (1H, m, 3.89-3.78 (3H m, 2.68-2.58 (1H, /\N C) Ncir-NN
kN . N m, 2.56-2.45 (1H, m. H 81 éTabIe 1-2] 5 Compound 5
(Optically-active 1H NVR (DVSO D6) 6: li. 74 (1H, br s), 8.15 (1H, s),
7.22-7.19 (1H, m, substance) 6.65-6.62 (1H m, 5.13-5.07 (1H m,
4. 69- 4. 460didmIhlorille soRutiB, ahd:ttncehtratkd EndeB réduced prdsie toZivé fhe tkldd c6mpolindF (499).2
Hz), 3. 6IH-NMR-(CDSLp& Ahts.69MH, B), 3442 .Gl 2filk), 318.3. 8- (38 m), 3.54-3.45 (1H, m), 3.29-
3.14 (2H, m), 2.43-2.34 (1H, m), 2.29-2.21 (1H, m), 2.07-1.98 (1H, m), 1.65-1.49 (3H, m), 1.45 (9H, s)
[0193]
5 4 Salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl
ester with (R)-(+)-2-amino-3-phenyl-1-propanol
[Chemical Formula 55]

0] 0

OH OH OH OH

<+
N H, N . NH,

X X
[0194]
10 (4)-(1) Seed crystal of a salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid
1-tert-butyl ester with (R)-(+)-2-amino-3-phenyl-1-propanol
To the residue (2.74 g) obtained from the filtrate of (3)~(1) were added ethyl acetate (14 ml) and
water (14 ml), and the mixture was cooled to 0°C. Then, thereto was added potassium bisulfate (494
mg). The mixture was stirred at room temperatﬁre for 30 minutes, and then extracted with ethyl acetate.
15 The organic layer was sequentially washed with 10% aqueous potassium bisulfate solution, water
(twice) and saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The resulting residue (1.94 g) was mixed with isopropyl acetate
(20 ml), and the mixture was heated to 80°C to dissolve. To the mixture was added (R)-(+)-2-amino-3-
phenyl-1-propanol (925 mg), and the mixture was stirred at room temperature for 19.5 hours. The
20 slurry mixture was filtered, and the resulting solid was dried under reduced pressure to give the titled
compound (1.85 g).
[0195]
(4)-(2) Salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl
ester with (R)-(+)-2-amino-3-phenyl-1-propanol 7
25 The residue (49 g) obtained in (3)~(3) and isopropyl acetate (490 ml) were combined, and the
mixture was heated to 80°C to dissolve. To the mixture was added (R)-(+)-2-amino-3-phenyl-1-
propanol (23.7 g), and the mixture was cooled to room temperature. Then, thereto was added the seed
crystal obtained in (4)-(1), and the mixture was stirred overnight. The slurry mixture was filtered and
washed with isopropyl acetate (150 ml) to give the titled compound (52 g). An analysis by HPLC
30 analysis condition 1 showed that an isomer with longer retention times was a main product.
An isomer with shorter retention times (retention time 6.01 minutes)
An isomer with longer retention times (retention time 8.94 minutes)
[0196] '
(5) . Optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl ester
35 [Chemical Formula 56]

Y

=Z



2.29 (1H, m, 2.26-2.19 (1H m, 1.99- 1.91 (1H, m, 1.63-1.48 (1H m.
6 Conmpound 6 1H NMR (DVSO-D6) 6: 11.60 (1H, br (Optically-active s),

8.08 (1H, s), 7.11 (1H, dd, J = 3.5, substance) 2.4 Hz), 6.58 (111,
dd, J = 3.4, 1.9 Hz), 418414(1H4rr) 4.09-3.93 (3H, m, z\z/ [
3.84-3.73 (1H, n), 3.71 (1H, d, J = 19.0  Hz), 3.66 (111, d, J = 18.7
Hz), 3.58 , (1H, dd, J = 8.2, 6.0 Hz), 2.70-2.58 (2H, m, 2.24-2.12
(1H, n), 1.2 ¢3H, d, J = ' o
OH ~oH OH
= -
N . NH, N

X X
To a salt of an optically-active compound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-butyl
ester with (R)-(+)-2-amino-3-phenyl-1-propanol (52 g) obtained in (4)-(2) were added ethyl acetate
(260 ml) and aqueous potassium bisulfate solution (20.2 g/260 ml), and the mixture was stirred. The

5 separated organic layer was sequentially washed with 10% aqueous potassium bisulfate solution, water
and saturated aqueous sodium chloride solution. The separated aqueous layer was extracted with ethyl
acetate (130 ml) again, and sequentially washed with water and saturated aqueous sodium chloride
solution. The combined organic layer was concentrated under reduced pressure to give the titled
compound (32.2 g).

10 '"H-NMR (CDCl,) 8: 5.81-5.69 (1H, m), 5.14-5.06 (2H, m), 3.93-3.78 (1H, m), 3.54-3.45 (1H, m), 3.29-
3.14 (2H, m), 2.43-2.34 (1H, m), 2.29-2.21 (1H, m) 2.07-1.98 (1H, m), 1.65-1.49 (3H, m), 1.45 (9H, s).
[0197]
(6) Optically-active compound of 3-allyl-3-benzyloxycarbonylaminopiperidine-1-carboxylic acid

tert-butyl ester
15 [Chemical Formula 57]

| | I
i N \/@
o 7y
N i N °
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To a solution of an optically-active cbmpound of 3-allylpiperidine-1,3-dicarboxylic acid 1-tert-
butyl ester (32.2 g) and triethylamine (33.2 ml) in toluene (320 ml) heated to 80°C was added dropwise -
diphenylphosphoryl azide (33.4 ml) over 50 minutes. The reaction mixture was stirred at the same
20 temperature for 2 hours and cooled to room temperature. To the mixture were added benzyl alcohol
(24.6 ml) and 4-dimethylaminopyridine (2.9 g). The mixture was stirred at 100°C for 21 hours and
cooled to room temperature. Then, thereto were added ethanol (200 ml) and water (200 ml), and the

mixture was extracted with n-hexane (200 ml). The separated organic layer was sequentially washed
with saturated aqueous ammonium chloride solution (200 ml) and saturated aqueous sodium chloride

25 solution (150 ml), and concentrated under reduced pressure. The resulting residue was purified by
silica gel column chromatography (eluent: n-hexane/ethyl acetate = 1/0 to 6/1) to give the titled
compound (39.4 g).

'H-NMR (DMSO-Dy) &: 7.39-7.27 (5H, m), 6.90-6.68 (1H, m), 5.75-5.63 (1H, m), 5.13-4.85 (4H, m),

4.07-3.94 (0.5H, m), 3.63-3.47 (1H, m), 3.39-3.12 (1H, m), 3.11-2.88 (1.5H, m), 2.79-2.54 (1H, m),
30  2.28-2.01 (1H, m), 1.79-1.66 (1H, m), 1.63-1.45 (3H, m), 1.36 (9H, s).

[0198]

(N Optically-active compound of 3-benzyloxycarbonylamino-3-(2-hydroxyethyl)piperidine-1-

carboxylic acid tert-butyl ester

[Chemical Formula 58]



7.1

Hz) .

7 Conpound 7 1H NVR (DVBO-D6) 8: 11.69 (1H, br M

(Optically-active s) 8.09 (1H, s), 7.19-7.15 (111, m, subst ance)
6.59-6.55 (1H, m, 4.74-4.66 (111, m, ?. 4.55-4.47 (1H, m, 3.95

(2H,

m,
N/

s),

3.86- N0 3.78 (111, m), 3.57%. 48(1H m, 3.45- 3.37 (1H,

2.99-2.82 (2H, n), 1.89- N\ 168(4H m, 1.66-1.56 (2H, n), 1.55-
1.47 (4H, m. H 8 Racemate 1I—|—I8I}_/lR(DIVBOD6) 8: 11.66-11.52 pH3
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A solution of an optically-active compound 3-allyl-3-benzyloxycarbonylaminopiperidine-1-
carboxylic acid tert-butyl ester (39.4 g) in chloroform/methanol (493 ml/493 ml) cooled to -78°C was
flowed ozone air for 1 hour. To the reaction mixture was added sodium borohydride (19.9 g) in small
batches, and the mixture was warmed to 4°C over 50 minutes. To the mixture were added saturated
aqueous sodium bicarbonate solution (200 ml) and water (400 ml), and the mixture was extracted with
chloroform (200 ml). The separated aqueous layer was extracted with chloroform (300 ml) again, and
the combined organic layer was concentrated under reduced pressure. The resulting residue was slurry-
washed with n-hexane/ethyl acetate (1/1, 394 ml) solution to give a solid (23.5 g). The filtrate was
concentrated under reduced pressure, and the resulting residue was slurry-washed with n-hexane/ethyl
acetate (1/1) solution again to give a solid (2.4 g). Then, the filtrate was concentrated under reduced
pressure, and the resulting residue was purified by silica gel column chromatography (eluent: n-
hexane/ethyl acetate = 1/1 to 0/1) to give a solid (1.5 g). The sohds were combined to give the titled
compound (27.4 g).
'H-NMR (DMSO0-D) &: 7.39-7.26 (5H, m), 6.90-6.62 (1H, m), 5.12-4.87 (2H, m), 4.36 (1H, t, ] = 4.9
Hz), 4.00-2.96 (6H, m), 2.15-1.72 (2H, m), 1.72-1.46 (2H, m), 1.46-1.17 (2H, m), 1.36 (9H s).
[0199]
(8) - Optically-active compound of 3-amino-3- -(2-hydroxyethyl)piperidine-1-carboxylic acid tert-
butyl ester
[Chemical Formula 59]

OH ' OH
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T |

N N
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To a solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(2-
hydroxyethyl)piperidine-1-carboxylic acid tert-butyl ester (27.2 g) in methanol (544 ml) was added
10% palladium carbon (2.7 g), and the mixture was hydrogenated under ordinary pressure for 5 hours.
The mixture was filtered through Celite, and the filtrate was concentrated under reduced pressure to
give the titled compound (17.2 g).
"H-NMR (DMSO-Dg) 8: 3.58-3.53 (2H, m), 3.43-2.85 (5H, m), 1.63-1.24 (6H, m), 1.39 (9H, ).
[0200]
(9)  Optically-active compound of 1,6-diazaspiro[3,5]-nonane-1,6-dicarboxylic acid 1-benzyl ester
6-tert-butyl ester
[Chemical Formula 60]




(1.0H, n), 8.28 (0.1H, s), 8.10 (0.3H s), N - 8.08-8.05 (0.6H, m,
7.15-7.06 (1.0H, n, 6.63-6.51 (1.0H, n), 4.49-4.16 (0.5H, m,
4.06-3.74 (2.011, ), 3.66- N\ 2.72 (9 5H m, 2.44-2.32 (0.5H m, \\
2.15-1.65 (6.5H, m. NNNH 82 [Tabl e*1-3 9  F Enantioner of Conpound 4
1H NMR (DVSO-D6) 5: 11.68 (1H, br s), 8.11 (1H, s), 7.17-7.15 (1H m, 6.58
(1H, dd, J &43.2, 1.7 Hz), 4.65-4.59 (2H, n), 4.22-4.15 (2H, n), 4.13-4.01
(2H, n), 3.86 (1H d, J = 19.0 Hz), 3.80 (1H, d, J = 19.2 Hz), 2.69-2.58

(1M m, 288245 (1H m. Fqu
f- 0
N er@

N
"To a solution of an optically-active compound of 3-amino-3-(2-hydroxyethyl)piperidine-1-
carboxylic acid tert-butyl ester (6.46 g), triphenylphbsphine (12.5 g) and triethylamine (13.3 ml) in
dichloromethane (226 ml) cooled to 0°C was added carbon tetrabromide (15.8 g). The reaction mixture
5 was stirred at room temperature for 40 minutes and cooled to 0°C again. Then, thereto were added
triethylamine (5.5 ml) and benzyl chloroformate (4.9 ml), and the mixture was stirred for 3.5 hours at
room temperature. To the mixture was added water (200 ml), and the mixture was extracted with
chloroform (100 ml).” The organic layer was washed with saturated agueous sodium chloride solution,
and concentrated under reduced pressure. The resulting residue was purified by silica gel column
10 chromatography (eluent: n-hexane/ethyl acetate = 5/1) to give the titled compound (5.35 g).
'"H-NMR (DMSO-Dy) 8: 7.40-7.29 (5H, m), 5.07-4.98 (2H, m), 4.10-3.96 (1H, m), 3.91-3.69 (3H, m),
© 2.64-2.53 (1H, m), 2.13-1.83 (4H, m), 166154(1H m), 1.43-1.27 (2H, m), 1.39 (9H, s).
[0201]

(10)  Optically-active compound of 1,6-diazaspiro[3.5]nonane-1-carboxylic acid benzyl ester
15 [Chemical Formula 61]

OD”vr o) N (jDrv@

°»<,,

To a solution of an optically-active compound of 1,6-diazaspiro[3,5]-nonane-1,6-dicarboxylic
acid 1-benzyl ester 6-tert-butyl ester (5.35 g) in chloroform (134 ml) cooled to 0°C was added
trifluoroacetic acid (27 ml), and the mixture was stirred for 30 minutes, warmed to room temperature

20 and stirred for additional 30 minutes. The reaction mixture was cooled to 0°C, and thereto was added
4M aqueous sodium hydroxide solution (91 ml). The aqueous layer was extracted with chloroform
(100 ml, 50 ml) twice, and the combined organic layer was washed with saturated aqueous sodium
chloride solution and concentrated under reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 20/1 to 4/1) to give the titled compound
25 (2.37¢g). _ -
'H-NMR (DMSO-Dy) 8: 7.41-7.28 (5H, m), 5.09-4.96 (2H, m), 3.83-3.76 (1H, m), 3.73-3.66 (1H, m),
2.94-2.69 (3H, m), 2.38-2.15 (2H, m), 2.12-1.77 (4H, m), 1.58-1.45 (1H, m), 1.38-1.26 (1H, m).
[0202]
(11)  Optically-active compound of 6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-diazaspiro[3.5]nonane-
30 1-carboxylic acid benzyl ester
{Chemical Formula 62]
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) 5: 11.60 (1H, br s), 8.08 (1H, s), 7.11 (1H, dd, J = 3.2, 2.5
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-2.41 (1H, n), 2.39-2H34 (1H, nm), 2.00-1.[94Y(1H "), 1.87-1.81

=

,164151(1Hrr)091(3HdJ—71HZ)N N\ NH 12 N'?
Enanti omer of Conpound 1 1H NMR (DMSO-D6) 5: 11.71 ('llH br s), 8.13
H s), 7.20Anippticly-actvescgnppung of L yliazgpie 3 finenangd-cagboxyly: 8eid begzyHeyter
. 93- 4. 882.31 1), wasymixedl, vGth-Achb@oTHHyyro)o] 2, 3-dRarithidlid: (| i), pwassi@n 68bérak, (38)e) adl 61
lH d, Jvater 12.181)Had heabed4b-180°€1to (st ford houds. OBreZniRurd Wi, codded trodrr t2mpdpatrd H,
3. 34-13er heteldvadBddeddval&@-add B8 rliddake ms,extlatﬁb%'\ﬂitﬂe@h)ﬁ Adtard)) Thejeréﬁrc]}ayéSwﬂslH
1.01 vx(ag‘ﬂéd with sdurated a&uebl?s) sodium chioNde s610¥on and concentrated under reduced pressure. The
resulting residue was slurry-washed with n-hexane/ethyl acetate (1/1) solution to give the titled
compound (2.55 g).
'H-NMR (DMSO-Dy) &: 11.72 (1H, s), 8.13 (1H, s), 7.41-7.28 (5H, m), 7.19 (1H, dd, J = 3.5, 2.6 Hz),
10 6.64-6.60 (1H, m), 5.13-5.02 (2H, m), 4.96-4.89 (1H, m), 4.64-4.56 (1H, m), 3.98-3.70 (2H, m), 3.46-
3.28 (1H, m), 3.01-2.82 (1H, m), 2.31-2.22 (0.5H, m), 2.16-2.06 (0.5H, m), 2.03-1.90 (3H, m), 1.83-
1.75 (1H, m), 1.61-1.47 (1H, m).
[0203]
(12)  Optically-active compound of 4-(1,6- d1azasp1ro[3 5]non-6-yl)- 7H-pyrrolo[ ,3-d]pyrimidine
15 [Chemical Formula 63]

Ogvro O

s N

H

N N
H

e

33

To a solution of an optically-active compound of 6-(7H-pyrrolo[2,3-d]pyrimidin-4-y)-1,6-

diazaspiro[3.5]nonane-1-carboxylic acid benzyl ester (2.55 g) in methanol/tetrahydrofuran (51 ml/51

ml) was added 20% palladium carbon (510 mg), and the mixture was hydrogenated under 4
20 atmospheres for 5 hours. The mixture was filtered through Celite, and the filtrate was concentrated

under reduced pressure. The reéulting residue was slurry-washed with diisopropyl ether (30 ml) to give

the titled compound (1.55 g).

'H-NMR (DMSO-Dy) 8: 11.68 (1H, brs), 8.12 (1H, s), 7.18 (1H, d, ] = 2.6 Hz), 6.61 (1H, d,] = 3.2 Hz),

4.18 (1H, d, ] = 12.8 Hz), 4.00-3.93 (1H, m), 3.59 (1H, d, ] = 12.8 Hz), 3.54-3.47 (1H, m), 3.42-3.16
25 (3H, m), 2.03-1.82 (3H, m), 1.72-1.62 (2H, m), 1.57-1.46 (1H, m).

[0204]

(13)  Optically-active compound of 3-0x0-3-[6-(7TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-

diazaspiro[3.5]non-1-yl]-propionitrile

[Chemical Formula 64]

=
N Ny A2 Y (?/\\\N
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30
An optically-active compound of 4-(1,6-diazaspiro[3.5]non-6-y1)-7H-pyrrolo[2,3-d]pyrimidine



\ H 83 [Table 1-4 13 | z c D astereoner of Conpound 34 (Optically-active
substance) 1H NWR (DMSO-D6) 8: 11.56 (1H, br s), 8.07 (1H, s), 7.12-7.08
(1H m, 6.50-6.46 (1H m, 4.84 (1H qs5;J = 6.5 Hz), 4.05-3.98 (1H m,
3.92 (2H, s), 3.82-3.74 (1H, m, 3.51-3.44 (2H, n), 2.68-2.59 (1H, n),
2.20-2.13 (1H m, 1.97-1.90 (1H m, 1.89-1.79 (3H m, - 1.26
(3H, d, 0% 8. wapmixedwith /lepanoapeidtier-dimetyipyrazalpt (WYR g DNBOdD@progylethylamime
(1H, br (1.66] mCanpddriioxade 631, mB, 4@ Be @OxtadkHyasnheated .t@ 100PCLH stifrHor 2 burs. The

( Racemat syxtur} ,wa . @dled . 6 3ropthHemphratude. 9 TFidn BthefelHwas addd) satdtat8®-aduddds (ddilimm) ,
4.51- 4. 4gichBdiate sOluddd, and the MixtuR- wak e&tlel'&teddmith]etﬁy] h8ethte HTho orgaxﬁ,glaf(@r'd«'as wasHdd J

- 1856 H@)th s%uééd (alqt!eoug’sodiurﬁ éh':l_’orﬁie solution, and concentrated under reduced pressure. The

resulting residue was purified by silica gel column chromatography (eluent: ethyl acetate/methanol =

20/1 to 9/1) to give the titled compound (1.50 g).

1H-NMR (DMSO-D6) 6: 11.73 (1H, br s), 8.13 (1H, s), 7.22-7.18 (1H, m), 6.67-6.63 (1H, m), 4.96 (1H,

d,J =12.6 Hz), 4.68-4.60 (1H, m), 4.11-4.03 (1H, m), 4.01-3.93 (1H, m), 3.71 (2H, s), 3.53 (1H, d, ] =
10 12.6 Hz), 2.98-2.88 (1H, m), 2.40-2.30 (1H, m), 2.03-1.90 (3H, m), 1.83-1.75 (1H, m), 1.59-1.45 (1H,

m).

[a]D = +210.00° (25°C, ¢ = 1.01, methanol)

[0205]

[Preparation 4]: Synthesis of Compound 4
15 [Chemical Formula 65]
F

F
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N 27/\\\,\1

s
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N
€)) Pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-(3,3-difluoroallyl)ester
[Chemical Formula 66]
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20 To a solution of pyrrolidine-1,3-dicarboxylic acid-1-tert-butyl ester (3.40 g) in N,N-

dimethylformamide (34 ml) were added potassium carbonate (4.37 g) and 3-bromo-3,3-difluoropropene
(1.93 ml), and the mixture wa stirred at 60°C for 6 hours. To the reaction mixture was added watér, and
the mixture was extracted with ethyl acetate. The organic layer was dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 5/1) to give the titled compound (3.73 g).
'H-NMR (CDCl,) 8: 4.64-4.48 (3H, m), 3.67-3.42 (3H, m), 3.41-3.29 (1H, m), 3.10-2.98 (1H, m), 2.18-
2.04 (2H, m), 1.46 (9H, s).

[0206]

(2)  3-(1,1-Difluoroallyl)pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester

[}
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, 2.94-2.85 (1H, m), 2.38-2.29 (1H N H m, m, 2.22-2.16 (1H,
-1.91 (1H, m, 1.79-1.71 (1H m), 1.58-1.48 (2H, m, 1.34 (3H
.3 Hz). 15 CH3  Racemate of 1HNMR (CDC13) 8: 9.35 (1H, br s),

1 8.30 (1H, s), 7.07 (1H dd, J“= 3.6, 2.3 "N Hz),
, dd, J =3.6, 1.9 Hz), ? .- 5.09-5.03 (1H m), 4.65-4.59 (1H,
ACIBmich] B@mitet7] ), 3.81-3.76 (1H, m, 3.60-3.55 (1H, m,

3 (1H, M, NN \ 3.21 (2H, s), 2.74-2.65 (1H, m), 2.59-
0 Vaui Fr—=
o) F OH
- 0]
N - N
0)\0 O)\O

To a solution of pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-(3,3-difluoroallyl)ester
(3.73 g) in tetrahydrofuran (37 ml) cooled to -78°C was added lithium hexamethyl disilazide (1.0M
tetrahydrofuran solution, 14 ml). The reaction mixture was warmed to 0°C over 4 minutes, stirred at
the same temperature for additional 14 minutes, and then cooled to -78°C again. To the mixture was
added trimethylsilyl chloride (2.0 ml). The reaction mixture was warmed to room temperature, and
stirrd at the same temperature for additional 3 hours. The mixture was basified by the addition of water,
followed by 2M aqueous sodium hydroxide solution to pH 8 to 9, and washed with n-
hexane/diethylether (4/3). To the separated organic layer was added n-hexane, and the mixture was
extracted with 2M aqueous sodium hydroxide solution. The combined aqueous layer was washed with
n-hexane/diethylether (4/3) 7 times, acidified by 10% aqueous citric acid solution, and extracted with
ethyl acetate. The organic layer was concentrated under reduced pressure, and the resulting residue was
slurry-washed with n-hexane/ethyl acetate (5/1) solution to give the titled compound (2.00 g).
'H-NMR (DMSO-Dy) &: 13.47 (1H, br s), 6.23-6.09 (1H, m), 5.71-5.64 (1H, m), 5.63-5.58 (1H, m),
3.79-3.72 (1H, m), 3.47-3.28 (2H, m), 3.26-3.15 (1H, m), 2.36-2.25 (1H, m), 2.21-2.06 (1H, m), 1.39
(9H, s). '
[0207]
(3) Optically-active compound of 3-(1,1-difluoroallyl)pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl
ester
[Chemical Formula 68]
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An optically-active compound of 3;(1,1—diﬂuoroallyl)pyrrolidine-1,3-dicarboxy1ic acid 1-tert-
butyl ester (1.5 g), (S)-(-)-1-(1-naphthyl)ethylamine (826 pl) and isopropyl acetate (15 ml) were

combined, and the mixture was stirred at room temperature for 21 hours. The slurry mixture was
filtered to remove a solid. The filtrate was concentrated under reduced pressure, and the resulting

F




k N 2.49 (1H m, 2.23-2.17 (1H, m, 1.93- H 1.86 (1H m, 1.72-1.60
(1H, m, 1.13 (3H, d, J =7.1 Hz). 16 CH3 ---1 Single diastereoner

1H- NVMR (DVBO-D6) 8: 11.73 (1H, br N(Rgl.cemate) ... s), 8.12 (1H, s),
7.22-7.19 (1H, m, 6.65-6.62(111, m;, 4.99-4.92 (1H, m, O 4.64-4.57
(1H, m, 4.09-4.01 (1H, m, N. \ 4.00-3.92 (1H, m, 3.69 (2H s), 3.49-
/ 3. 44 r¢sidde wap miRed6OittRetb afetdte (20 ml)2in080% ddedds pdtaSQind Bikhifat) solutiod 20ImB5
(1H m, The 3Bxt(BHvas@tirred af 06C TorMzhour. BHe ieﬁﬁ%@orjgaxﬁé-layer was sequentially washed with

water and saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and
concentrated with under reduced pressure to give the titled compound (869 mg).

5 "H-NMR (DMSO-Dy) &: 13.47 (1H, br s), 6.23-6.09 (1H, m), 5.71-5.64 (1H, m), 5.63-5.58 (1H, m),
3.79-3.72 (1H, m), 3.47-3.28 (2H, m),-3.26-3.15 (1H, m), 2.36-2.25 (1H, m), 2.21-2.06 (1H, m), 1.39
(9H, s). :
[0208]

_ “) Salt of an optically-active compound of 3-(1,1-difluoroallyl)pyrrolidine-1,3-dicarboxylic acid

10 1-tert-butyl ester with (R)-(+)-1-(1-naphthyl)ethylamine
[Chemical Formula 69]
F

The residue (869 mg) obtained in (3) was mixed with (R)-(+)-1-(1-naphthyl)ethylamine (263
ul) and isopropyl acetate (13 ml), and the mixture was stirred at room temperature overnight. The
15 slurry mixture was filtered, and the resulting solid was washed with isbpropyl acetate (3 ml) to give the
titled compound (754 mg). Analysis of the solid by HPLC analysis condition 1 showed that an isomer
w1th longer retention times was a main product.
An isomer with shorter retention times (retent:on time 5.32 minutes)
An isomer with longer retention times (retention time 7.01 minutes)
20 [0209]
(5) Optically-active compound of 3-(1,1-difluoroallyl)pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl

ester
F—
' F OH
— 0
N

[Chemical Formula 70]
o” 0

X

25 A salt of an optically-active compound of 3-(1,1-difluoroallyl)pyrrolidine-1,3-dicarboxylic acid
I-tert-butyl ester with (R)~(+)-1-(1-naphthyl)ethylamine (741 mg) was mixed with ethyl acetate (7.4
ml) and water (3.7 ml), and the mixture was acidified by the addition of potassium bisulfate (261 mg).
The separated organic layer was washed with saturated aqueous sodium chloride solution, and
concentrated under reduced pressure to give the titled compound (457 mg).

30 'H-NMR (DMSO-Ds) &: 13.47 (1H, br s), 6.23-6.09 (1H, m), 5.71-5.64 (1H, m), 5.63-5.58 (1H, m),
3.79-3.72 (1H, m), 3.47-3.28 (2H, m), 3.26-3.15 (lH m), 2.36-2.25 (1H, m), 2.21-2.06 (1H, m), 1.39
(9H, s).
[0210] :
(6) Optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoroallyl)pyrrolidine-1-

35 carboxylic acid tert-butyl ester :




17 -1 N\ INH Racemate 1H NVR (DVBO-D6) 8: 11.61 (1H, br s), 8.08 (1H,
s), 7.12 (1H, dd, J = 3.3, = 2.4 Hz), 6.57 (1H, dd, J3.5, 1.8 Hz),
4.29-4.20 (1H m, 4.08-3.74 (5H m, 3.40 (2H, s), 2.69-2.58 (1H m,
2.43- 2.36 (1H, m, 2.35-2.27 (1H, m, 2.23- 2.14 (1H m. NNN). 18
Singl e diastereoner 1H NVR (CDC1l3) 8: 10.33 (1H, br s), (Racermate) 8.31
(1H, s), [ChddOcal Fbtmuthd/1]J = 3.5, 2.0 .- Hz), 6. 53 6.49 (1H, nm), -5.08-4. 99
(1H, CH3 Np ), 4.97488 (1H n)y _4.29421 (1H, .. -m, 418411(1H n)

3.88-3.81gL¥H o N\ m, 3.25 ('ZH _SI-? 2.8?-5 79 (lH m,
0 - }—'O

N N

X "X
To a solution of an optically-active compound of 3-(1,1-difluoroallyl)pyrrolidine-1,3-
dicarboxylic acid 1-tert-butyl ester (10.6 g) and triethylamine (10.2 ml) in toluene (106 ml) heated to
5 100°C was added dropwise diphenylphosphoryl azide (10.2 ml). The reaction mixture was stirred at
100°C for 50 minutes, and then thereto were added benzyl alcohol (5.6 ml) and 4-
dimethylaminopyridine (0.89 g). The mixture was stirred at 100°C for 16.5 hours, and then cooled to
room temperature. Then, thereto was added 5% aqueous potassium bisulfate solution, and the mixture
was extracted with toluene. The organic layer was sequentially washed with 1M aqueous sodium
10 hydroxide solution and saturated aqueous sodium chloride solution, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (eluent: n-hexane/chloroform/ethyl acetate = 5/4/1 to 4/4/1) to give the titled
compound (15.5 g).
'H-NMR (CDCl,) 8: 7.40-7. 30 (5.0H, m), 6.04-5.89 (1.0H, m), 5.76-5.68 (1.0H, m), 5.56-5.49 (1.0H,
15 m), 5.07 (2.0H, s), 4.90-4.83 (1.0H, m), 3.85-3.79 (0.5H, m), 3.74-3.40 (3.5H, m), 2.90-2.76 (0.5H, m),
2.63-2.49 (0.5H, m), 2.27-2.18 (1.0H, m), 146(9OH s).
[0211]
@) Optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-2-
hydroxyethyl)pyrrolidine-1-carboxylic acid tert-butyl ester
20 [Chemical Formula 72]
F =
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A solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-
difluoroallyl)pyrrolidine-1-carboxylic acid tert-butyl ester (15.5 g) in chloroform/methanol (154 ml/154
ml) cooled to -78°C was flowed ozone air for 30 minutes. To the reaction mixture was added sodium
25 borohydride (4.14 g) in small batches, and then the mixture was warmed to 0°C and stirred at the same
temperature for additional 4 hours. To the mixture were added saturated aqu'eous sodium bicarbonate
solution and saturated aqueous sodium chloride solution, and the mixture was extracted with
chloroform. The separated aqueous layer was extracted with ethyl acetate. The combined organic layer
was dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting
30 residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 3/1). The
fractions which could not be separated and isolated were concentrated under reduced pressure, and the
resulting residue was purified by silica gel column chromatography (eluent: n-hexane/chloroform/ethyl
- acetate = 5/4/1) again. The purified fractions were combined and concentrated under reduced pressure
to give the titled compound (12.8 g).
35 'H-NMR (CDCl;) &: 7.42-7.32 (5.0H, m), 5.15-5.07 (2.0H, m), 5.04-4.93 (1.0H, m), 4.02-3.49 (6.0H,
m), 3.43-3.30 (1.0H, m), 2.67-2.57 (0.4H, m), 2.45-2.28 (1.6H, m), 146(90H s).



N N 2.44-2.36 (1H, m), 2.10-2.02 (1H, m), H 1.92-1.79 (2H, m,

1.78-1.71 (1H m, 1.42 (3H, d, J = 7.1 Hz). 19 CH3 Diastereoner of
1H NVR (DVBO D6)- 8: . 11.57 (1H, br ound 6 s), 8.07 (1H, s), 7.11 -
(1H, dd, J = 3.6, (Racemate) 2.4 Hz), 6.57 (1H, dd, J =-3. 4, 1.8
Hz), . o)r."\y 4.31-4.22 (1H, m, 4.18-4.13 (1H m, '
© 0 [0212] ' ’
“(8) - Optlcally active =~ compound - of -benzyloxycarbonylammo -3-(1,1-difluoro-2-

: "methanesulfonyloxyethyl)pyrrol1dme 1-carboxylic acid tert- butyl ester .
[Chemical Formula 73] -
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To a solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-2-
hydroxyethyl)pyrrolidine-1-carboxylic acid tert-butyl ester (471 mg) and triethylamine (328 ul) in
chloroform (4.7 ml) cooled to 0°C was added methanesulfonyl chloride (118 pl), and the mixture was
stirred for 50 minutes. To the mixture was added 5% aqueous potassium bisulfate solution, and the

10 mixture was extracted with ethyl acetate. The organic layer was sequentially washed with 1M aqueous
sodium hydroxide -solution and saturated aqueous sodium chloride solution, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to give the titled compound (565 mg).

'H-NMR (CDCly) &: 7.41-7.33 (5H, m), 5.10 (2H, s), 4.94-4.86 (1H, m), 4.57-4.48 (2H, m), 3.92-3.84

(0.5H, m), 3.80-3.52 (2.5H, m), 3.47-3.33 (1H, m), 3.09 (3H, s), 2.83-2.74 (0.5H, m), 2.61-2.52 (0.5H,
15 m), 2.31-2.21 (1H, m), 1.47 (9H, s).

[0213]

) Optically-active compound of 3,3-difluoro-1,6-diazaspiro[3,4]octane-1,6- dlcarboxylxc acid 1-

benzyl ester 6-tert-butyl ester

[Chemical Formula 74]

20
' To a solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-2-
methanesulfonyloxyethyl)pyrrolidine-1-carboxylic  acid tert-butyl ester (565 mg) in N,N-
dimethylformamide (17 ml) cooled to 0°C was added sodium hydride (71 mg, with 40% mineral oil),
and the mixture was stirred at the same temperature for 1 hour. To the reaction mixture was added
" 25 water, and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated
aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated under reduced.
pressure to give the titled compound (397 mg).
'"H-NMR (CDCl) &: 7.41-7.31 (5H, m), 5.25-5.06 (2H, m), 4.27-4.17 (2H, m), 3.96-3.82 (1H, m), 3.79-
3.49 (2H, m), 3.41-3.27 (1H, m), 2.65-2.41 (0.5H, m), 2.38-2.17 (1.5H, m), 1.50-1.44 (9H, m)
30 [0214]
(10)  Optically-active compound of 3,3-difluoro-1,6-diazaspiro[3,4]octane-6-carboxylic acid tert-
butyl ester '
[Chemical Formula 75]



NO\ N 4.09-3.94 (1H, n), 3.91-3.73 (2H m, 3.67 (2H s), 3.59-3.53
(1H, n), 2.80- N-.. \ 2.71 (1H, n), 2.45-2.36 (1H m, 2.30- k -- N N H
2.19 (111, m), 1.15 (3H d, J = 6.9 Hz)..,20 CH3 Diastereomer of 1H NWR
(CDC13) 8 9.04 (1H, br s).  Conpound P4 8.32 (1H, s), 7.09-7.06 (1H m,
~6.56- N (Racerate) 6.53 (1H, m), 5.10-5.05 (1H, ), 4.72- | 4.66 .
(1H, M), 4.53-4.47 (1K, ™, 3.78- F

T _ F— o
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To a solution of an optically-active compound of 3,3-difluoro-1,6-diazaspiro[3,4]octane-1,6-
dicarboxylic acid 1-benzyl ester 6-tert-butyl ester (397 mg) in methanol/tetrahydrofuran (3.2 ml/3.2 mi)
was added 10% palladium carbon (79 mg), and the mixture was hydrogenated at room temperature
5 under ordinary pressure for 14 hours. The mixture was filtered through Celite, and the filtrate was

concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/acetone = 4/1 to 2/1). The fractions which could not be separated
and isolated were concentrated under reduced pressure, and the resulting residue was purified by silica
gel column chromatography (eluent: chloroform/acetone = 2/1 to 1/1) again. The purified fractions

10 were combined and concentrated under reduced pressure to give the titied compound (211 mg).
'H-NMR (CDCls) 8: 3.96-3.74 (3H, m), 3.55-3.37 (2H, m), 3.35-3.25 (1H, m), 2.45-2.35 (1H, m), 2.00-
1.88 (1H, m), 1.73-1.56 (1H, m), 1.46 (9H, s).
[0215]
(11)  -3,3-Difluoro-1,6-diazaspiro[3,4]octane 2 hydrochloride

15 [Chemical Formula 76]

F
T F

0o L“I
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To an optically-active compound of 3,3-difluoro-1,6-diazaspiro[3,4]octane-6-carboxylic acid
tert-butyl ester (211 mg) were added 4M hydrochloric acid-1,4-dioxane (2.1 ml) and 2M hydrochloric
acid-methanol (2.1 ml), and the mixture was stirred at room temperature for 45 minutes. To the

20 reaction mixture was added ethyl acetate, and the mixture was filtered to give the titled compound (163
mg).
'H-NMR (DMSO-Ds) 8: 9.80-9.42 (2H, m), 4.58-3.83 (7H, m), 3.47-3.33 (2H, m), 2.82-2.72 (1H, m).
[0216]
(12)  Optically-active compound of 4-(3,3-difluoro-1,6-diazaspiro[3,4Joct-6-yl1)-7H-pyrrolo[2,3-
25 d]pyrimidine
[Chemical Formula 77]

*2HCI H

An optically-active compound of 3,3-difluoro-1,6-diazaspiro[3,4]octane 2 hydrochloride (163
mg) was mixed with 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (113 mg), potassium carbonate (509 mg)



N 3.73 (1H, m, 3.30 (1H, d, J = 17.2 Hz), \W\ 3.25 (1H, d, J = 17.6
Hz), 3.12-3.04 N\N (1H m, 2.77-2.69 (1H m, 2.23-2.17 KkNH (1H,
m, 1.95-1.85 (3H, mM, 1.59 (4H, d, J = 6.3 Hz). 85 [Table 1-6 21 CH3
\-1\N) )OrNN\ HIN7"N Racemate of Conmpound 6 1H NMR (DVSO D6) 6: 11.59
(1H, br s), 8.07 (1H, s), 7.11 (1H dd, J = 3.2, 2.6 Hz), 6.57 (1H dd, J =
3.4, 1.7amdryate(2B8nl4,.ad the Intiture) was4tif@ Br 925 Gkl with refRixB4- Ihd Aixrdrelwai}aoled. 70
(1H d, d moh8edpdritdre. $hé&o Whkladddd wdter, ah8 1 tlfdure WadBireredl 19 4ive hHolid) 126 me). -
2. 68- 2. 58h¢ AldratdWas irddad @itﬂ-J:thglll&'(l:etafgmetllran%ll4.(ti§4és agd clﬁor%f tlanol t iég N‘

. ‘The
22 Enanth 0Ly -Qlartdh Q{Rwé_ Q@' aﬁhyd}o]us dii(n%li’ulfg}g and Cc%rqc}%gt%ed 17md'S ’red%ée%g
(1H’SS)’ .17 ( d

pressure. ¢ resulting residue “Was combined with the solid and purified by silica gel column
chromatography (eluent: chloroform/methanol = 92/8 to 85/15) to give the titled compound (170 mg).
'H-NMR (DMSO-Dy) 8: 11.63 (1H, br s), 8.10 (1H, s), 7.14 (1H,dd, J=3.6,2.4 Hz), 6.57 (1H,dd, ] =
3.6,2.0 Hz), 4.15 (1H, d, = 11.7 Hz), 3.92-3.65 (5H, m), 3.35-3.22 (1H, m), 2.47-2.39 (1H, m), 2.17-
2.07 (1H, m). ' '

10 [0217]
(13)  Optically-active  compound of  3-[3,3-difluoro-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-
diazaspiro[3.4]oct-1-yl]-3-oxopropionitrile
[Chemical Formula 78]

F F

F——'I . F——]

NH 0 N
qy " ‘&J\//)‘ ' > q)_ z/\\\N
o 0

N
N H

15 An optically-active compound of 4-(3,3-difluoro-1,6-diazaspiro[3,4]oct-6-yl)-7H-pyrrolo[2,3-
djpyrimidine (170 mg) was mixed with 1-cyanoacetyl-3,5-dimethylpyrazole (209 mg), N,N-
diisopropylethylamine (117 pl) and 1,4-dioxane (3.4 ml), and the mixture was stirred at 100°C for 75
minutes. The mixture was cooled to room temperature. Thereto was added saturated aqueous sodium
bicarbonate solution, and the mixture was extracted with ethyl acetate. The separated aqueous layer

20 was extracted with ethyl acetate twice again.. The combined organic layer was washed with saturated

' aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The resulting residue was purified by silica gel column chromatography (eluent:
chloroform/ethyl acetate = 2/1, followed by chloroform/methanol = 92/8 to 3/1). The mixture was
concentrated under reduced pressure, and the resulting residue was slurry-washed with a mixed solvent

25 of n-heptane/ethanol (3/1) to give the titled compound (177 mg).

'H-NMR (DMSO-Dy) &: 11.68 (1H, brs), 8.11 (1H, s), 7.17-1.14 (1H, m), 6.58 (1H, dd, J = 3.3, 1.8 Hz),
4.66-4.58 (2H, m), 4.24-4.13 (2H, m), 4.12-4.02 (1H, m), 3.89-3.78 (3H, m), 2.68-2.58 (1H, m), 2.56-
2.45 (1H, m).
[a]D =+46.67° (25°C, ¢ = 0.54, methanol)
30 [0218]
[Preparation 5]: Synthesis of Compound 5
[Chemical Formula 79]
F

F

N
N o/>_\\
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6.57 (1H, dd, J = 3.5, 1.9 Hz), 4.73-4.66 (1H, nm), 4.55-4.48
3.95 (2H, s), 3. 85. 3 78 (1H, m), 3.56- 3.49 (1H, m,

7 (1H n), 2.98- N. 2. 82ﬁ%2H m, 1.89-1.69 (4H, m), 1.65-
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To a solution of piperidine-1,3-dicarboxylic acid 1-tert-butyl ester (30.0 g) in N,N-
dimethylformamide (300 ml) were added potassium carbonate (36.2 g) and 3-bromo-3,3-
difluoropropene (16 ml), and the mixture was stirred at. 60°C for 4.5 hours. To the reaction mixture was
added water, and the mixture was extracted with n-hexane/ethyl acetate (1/1) solution. The organic
layer was dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 10/1) to
give the titled compound (33.5 g).
'H-NMR (CDCl;) 8: 4.62-4.46 (3H, m), 4.34-3.98 (1H, m), 3.95-3.80 (1H, m), 3.18-2.89 (1H, m), 2.87-
2.77 (1H, m), 2.50-2.40 (1H, m), 2.08-1.98 (1H, m), 1.75-1.55 (2H, m), 1.52-1.41 (1H, m), 1.46 (9H, s).
[0219]

2) 3-(1,1-Difluoro-allyl)-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester
[Chemical Formula 81]

N - N

To a solution of piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3-(3,3-difluoro-allyl)ester
(28.5 g) in tetrahydrofuran (285 ml) cooled to -78°C was added lithium hexamethyl disilazide (1.1M
tetrahydrofuran solution, 110 ml). The reaction mixture was warmed to -2°C over 6 minutes, stirred at
the same temperature for additigna] 15 minutes, and then cooled to -78°C again. To the mixture was
added trimethylsilyl chloride- (19 ml). The reaction mixture was warmed to room temperature, and
stirred at the same temperature for additional 30 minutes. The mixture was basified by the addition of
water (300 ml), followed by 2M aqueous sodium hydroxide solution (60 ml), and washed with n-hexane
(450 ml). The separated organic layer was extracted with 2M aqueous sodium hydroxide solution 3
times. The combined aqueous layer was acidified by 10% aqueous citric acid solution and extracted
with ethyl acetate. The organic layer was concentrated under reduced pressure, and the resulting
residue was slurry-washed with n-hexane/ethyl acetate (5/1) solution to give the titled compound (23.9
g)-
'H-NMR (CDCl;) 8: 6.05-5.89 (1H, m), 5.72-5.65 (1H, m), 5.56-5.52 (1H, m), 4.67 (1H, d, J = 13.7 Hz),
4.12-4.02 (1H, m), 3.46 (1H, br s), 2.92 (1H, d, J = 13.7 Hz), 2.70-2.61 (1H, m), 2.37-2.30 (1H, m),
1.71-1.54 (3H, m), 1.45 (9H, s)..
[0220]
3) Optically-active compound of 3-(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic acid 1-tert-
butyl ester
[Chemical Formula 82]




4.11-4.05 (1H, m, 3.70 (1H, d, J = 18.8 2 ,-'' *0 Z'-- Hz), 3.65
(1H, d, J = 18.8 Hz), 3.59- 3.54 (1H, m, 3.46-3. 42 (1H, m, 2.97-

2.88 (1H, m, 2.47-2.33 (2H, m, 2.00- 1. 93 (1H nm, 1.87-1.79 (1H m,
1.63- 1.50 (1H, m, 0.90 (3H, d, J %)2 =N Si ngl e di ast ereoner
1H- NMR (DVBO-D6) 6: 11.59 (1H, br -1 o (Racenate) s), 8.09 (1H, s),
7.12 (1H, dd, J = 3.2, 1 F

“x 5%
An optically-active compound of3-(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic acid 1-tert-
butyl ester (26.9 g), (R)-(-)—Z-amino-2-phenyl-ethanol (6.6 g) and isopropanol (270 ml) were mixed,
~and the mixture was stirred at room temperature overnight. The slurry mixture was filtered to remove a
5 solid. The filtrate was concentrated under reduced pressure, and the resulting residue was mixed with
ethyl acetate (97 ml) and 25% aqueous potassium bisulfate solution (97 ml), and the mixture was stirred
for 25 minutes. The separated organic layer was sequentially washed with 5% aqueous potassium
bisulfate solution and saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate

and concentrated under reduced pressure to give the titled compound (16.2 g).

10 'H-NMR (CDCl;) 8: 6.05-5.89 (1H, m), 5.72-5.65 (1H, m), 5.56-5.52 (1H, m), 4.67 (1H, d, ] = 13.7 Hz),
4.12-4.02 (1H, m), 3.46 (1H, br s), 2.92 (1H, d, J = 13.7 Hz), 2.70-2.61 (1H, m), 2.37-2.30 (1H, m),
1.71-1.54 (3H, m), 1.45 (9H, s).

[0221] .
“4) Salt of an optically-active compound of 3~(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic acid

15 1-tert-butyl ester with (S)-(+)-2-amino-2-phenyl-ethanol
[Chemical Formula 83] _

F ' F
F— X F1
OH NH, OH - NH,

OH
N N~ O . ©/\/ .

The residue (16.2 g) obtained in (3) was mixed with (S)-(+)-2-amino- -2-phenyl-ethano! (6.6 g)

and isopropanol (162 ml), and the mixture was stirred at room temperature for 20 hours. The slurry

20 mixture was filtered, and the resulting solid was washed with isopropanol (80 ml) to give a solid (17.8

g). The solid was mixed with isopropanol (305 ml), and stirred at 105°C for 20 minutes and at room

temperature for 19 hours. The slurry mixture was filtered, and the. resulting solid was washed with

isopropanol (90 ml) to give the titled compound (16.0 g). An analysis by HPLC analysis condition 1
showed that an 1somer with longer retention times was a main product.

25 An isomer with shorter retention times (retention time 5.41 minutes)
An isomer with longer retention times (retention time 12.47 minutes)

go
I
Y

[0222]
(5) Optically-active compound of 3-(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic acid 1-tert-
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0 2.6 Hz), 6.52 (1H, dd, J = 3.5, 1.9 Hz), NCH3 4.45 (1H, q, J

, 4.08-3.99 (3H, m, 3.81 (1H d, J = 18.8 Hz), 3.81-3.71

, 3.75 (1H, d, J = 18.8 Hz), 3.01, 2.92 (1H, m, 2.31-2.24 (1H,
O- H 2.12 (1H m, 2.09-2.01 (1H m, 1.33 (3H, d, J = 6.3 Hz)
le 1-7 25 N  Enantioner of Conpound. 3 1H NWR (DIVBODG) 8: 11.72
bytyl egten3 (1H, s), 7.20 (1H, dd, J = 3.5, 2.6 Hz), 6.64 (1H dd, J

. O[GiepjcalF@mulaBK] d, J = 12.6 Hz), 4.68-4.59 (1H m, 4.11-4.04 (1H

4.00-3.98 (1H, m, 3.71 (2H, s), 3.53 (1H, ¢ J = \'N

F X F AN
OH NH, OH
. * OH L —
¥ X
To a salt of an optically-active compound of 3-(1,1-difluoro-allyl)-piperidine-1,3-dicarboxylic
acid 1-tert-butyl ester with (S)-(+)-2-amino-2-phenyl-ethanol (17.8 g) were added ethyl acetate (89 ml)
and 25% aqueous potassium bisulfate solution (89 ml), and the mixture was stirred for 15 minutes. The
separated organic layer was sequentially washed with 5% aqueous potassium bisulfate solution (89 ml)
and saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated
under reduced pressure to give the titled compound (12.3 g).
'H-NMR (CDCl;) 6: 6.05-5.89 (1H, m), 5.72-5.65 (1H, m), 5.56-5.52 (1H, m), 4.67 (1H, d, ] = 13.7 Hz),
4.12-4.02 (1H, m), 3.46 (1H, br s), 2.92 (1H, d, J = 13.7 Hz), 2.70-2.61 (1H, m), 2.37-2.30 (1H, m),
1.71-1.54 (3H, m), 1.45 (9H, s).
[0223]
(6) Optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-ally!)-piperidine-1-
carboxylic acid tert-butyl ester
[Chemical Formula 85]

fﬁ BN -
O)\O O)\8 ° ‘
Pe K

To a solution of an optically-active compound of 3-(1,1-difluoro-allyl)-piperidine-1,3-
dicarboxylic acid 1-tert-butyl ester (12.3 g) and triethylamine (11.2 ml) in toluene (123 ml) heated to
100°C was added dropwise diphenylphosphoryl azide (11.2 ml). The reaction mixture was stirred at
100°C for 25 minutes, and then thereto were added benzyl alcohol (6.2 ml) and 4-
dimethylaminopyridine (0.98 g). The mixture was stirred at 100°C overnight, and then cooled to room
temperature and concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 9/1 to 85/ 15). to give the titled compound
(15.1 g).

'H-NMR (CDCl;) &: 7.38-7.28 (5H, m), 6.07-5.92 (1H, m), 5.71-5.62 (1H, m), 5.53-5.48 (1H, m), 5.36
(0.5H, brs), 5.09-4.97 (2H, m), 4.89 (0.5H, br s), 4.28-3.98 (2H, m), 3.16-2.61 (3H, m), 1.64-1.52 (3H,
m), 1.49-1.36 (9H, m).

[0224]

(7) Optically-active compound of 3- benzyloxycarbonylammo 3-(1,1-difluoro-2-hydroxy-ethyl)-
piperidine-1-carboxylic acid tert-butyl ester

[Chemical Formula 86]

Y



12.6 Hz), 2.98-2.90 (1H, n), 2.39-2.30 ' u..NN (1H, m), 2.01-1.93 (3H,
nm, 1.82-1.75 H (1H, m, 1.59-1.46 (1H, m. 26 Racemate of 1H NWVR
(DVSO-D6) 8: 11.67 (1H, br Conpound 4 s), 8.11 (1H, s), 7.16 (1H dd, J
= 3.3, 2.4 H), 6.58 (1H, dd,”J = 3.5, 2.0 Hz), 4.65-4. 57
(2H, m, 4.23-4.14 (2H m, \ 2/ 4.12-4.01 (1H m, 3.89-3.78 (1H m,
3.85 (1H, d, J = 19.2 Hz), 3.79 (1H, d, J . = 19.0 Hz), 2.66-2.58 (1H,
M, 2.56- : - F OH

NH NH

N A > N A
o)\8 ° [j : o)\g ° [j
P P

A solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-
allyl)-piperidine-1-carboxylic acid tert-butyl ester (15.1 g) in chloroform/methanol (150 ml/150 ml)
cooled to -78°C was flowed ozone air for 30 minutes. To the reaction mixture was added sodium

5 borohydride (4.2 g) in small batches, and then the mixture was warmed to 0°C and stirred at the same
temperature for additional 50 minutes. To the mixture were added saturated aqueous sodium
bicarbonate solution and saturated aqueous sodium chloride solution, and the mixture was extracted
with chloroform. The separated aqueous layer was extracted with ethyl acetate. The combined organic
layer was dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting

10 residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 3/1 to 2/1)
to give the titled compound (13.6 g). _ _

~ 'H-NMR (CDCly) §: 7.38-7.29 (5H, m), 5.78 (1H, br s), 5.154.99 (2H, m), 4.42-3.97 (2H, m), 3.95-

-3.75 (2H, m), 3.55-3.44 (1H, m), 3.15-2.60 (3H, m), 1.79-1.67 (1H, m), 1.55-1.50 (1H, m), 1.42 (9H, s).
[0225]

15 " (8) Optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-2-
methanesulfonyloxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester
{Chemical Formula 87]

F OH F 0”0

j\o)\o/\© )N\o)\ O/\©
T X "X
To a solution of an optically-active compound of 3-benzyloxycarbonylamino-3-(1,1-difluoro-2-
20 hydroxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester (13.6 g) and triethylamine (11.4 ml) in
chloroform (136 ml) cooled to 0°C was added methanesulfonyl chioride (7.8 ml), and the mixture was
stirred for 50 minutes. To the mixture was added 5% aqueous potassium bisulfate solution, and the
mixture was extracted with ethyl acetate. The separated organic layer was sequentially washed with
4M aqueous sodium hydroxide solution twice and saturated aqueous sodium chloride solution once,
25 dried over anhydrous sodium sulfate, and concentrated under reduced pressure to give the titled
compound (17.1 g).
'H-NMR (CDCl;) &: 7.39-7.29 (5H, m), 5.65 (1H, br s), 5.15-4.97 (2H, m), 4.65-4.51 (2H, m), 4.39-
3.98 (2H, m), 3.15-2.62 (3H, m), 3.07 (3H, s), 1.70-1.53 (3H, m), 1.43 (9H, s).
[0226] '
30 (9) Optically-active compound of 3,3-difluoro-1,6-diaza-spiro[3.5]nonane-1,6-dicarboxylic acid 1-
benzyl ester 6-tert-butyl ester
[Chemical Formula 88]




2.46 (1H, n') 27 Enantioner of 1H NVR ( DMSO- D6) 8: 11. 74 (1H, br

Conpound 5 s), 8.15 (1H, s), 7.22-7.19 (1H m, 6.65-6.62 (1H M,
5.13-5.07 (111, m), 4.70-4.46 (3H, ), 3.83 (1H, d, J = 18.8 Hz)
3.77 (1H, d, J = 19.0 Hz), 3.61- /2 3.54 (1H, ), 2.99-2.90 (1H,
m, 2.30- 2.29 (1H, m, 2.26-2.19 (1H, n), 1.99- 1.90 (1H,

m, 1. 64-1.48F(1H,| g). 28 OH3 CH3 Racemate [

F o’s°o

T N fjj“‘ZrOVQ
PLAR® oA

X | X

To a suspension of sodium hydride (1.7 g, with 40% mineral oil) in N,N-dimethylformamide
(428 ml) cooled to 0°C was added a solution of an optically-active compound of 3-

benzyloxycarbonylamino-3-(1,1-difluoro-2-methanesulfonyloxy-ethyl)-piperidine- 1 -carboxylic

acid

5 tert-butyl ester (17.1 g) in N,N-dimethylformamide (86 ml), and the mixture was stirred at the same
temperature for 15 minutes. To the reaction mixture was added water, and the mixture was extracted
with ethyl acetate. The separated organic layer was sequentially washed with water and saturated
aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated under reduced
pressure. The resulting residue was purified by silica gel column chromatography (eluent: n-

10 hexane/ethyl acetate = 5/1) to give the titled compound (12.6 g).

'"H-NMR (CDCls) 8: 7.41-7.30 (5H, m), 5.21-5.02 (2H, m), 4.56-4.31 (1H, m), 4.25-4.14 (2H, m), 4.13-
3.89 (1H, m), 3.41-2.98 (1H, m), 2.80-2.41 (1H, m), 2.33-2.12 (1H, m), 2.03-1.87 (1H, m), 1.80-1.67

(1H, m), 1.65-1.52 (2H, m), 1.45 (94, s).
[0227]

15 (10)  Optically-active compound of 3,3-difluoro-1,6-diaza-spiro[3.5]nonane-1-carboxylic acid benzyl

ester 1 hydrochloride

[Chemical Formula 89]
F F
F F
oL o0
N o N
PN H
0~ ©°

/< *HCI

To an optically-active compound of 3,3-difluoro-1,6-diaza-spiro[3.5]nonane-1,6-dicarboxylic

20 acid 1-benzyl ester 6-tert-butyl ester (12.6 g) was added 4M hydrochloric acid-1,4-dioxane (126 ml),
and the mixture was stirred at room temperature for 30 minutes. The mixture was concentrated under
reduced pressure, and thereto was added toluene. The mixture was concentrated under reduced pressure

again to give the titled compound (11.2 g).

'H-NMR (CDCl) &: 11.56 (1H, br s), 8.65 (1H, br s), 7.43-7.32 (5H, m), 5.13 (2H, s), 4.43-4.20 (24,

25 m), 3.82-3.72 (1H, m), 3.54-3.35 (2H, m), 3.28-3.14 (1H, m), 2.34-1.91 (4H, m).
[0228]

(11)  Optically-active compound of 3,3-difluoro-6-(7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1,6-diaza-

spiro[3.5]nonane-1-carboxylic acid benzyl ester
[Chemical Formula 90]



1H NVR (DMBO-D6) 6: 11.70 (1H, br s), 8.15 (1H, s), 7.19 (1H, dd, J =

3.6, 2.5 Hz), 6.65 (1H, dd, J = 3.6, 1 9 H), 5.11-5.03 (1H, m),
4.60-4.52 (1H, m, 3.78 (1H, d, J =7.9 Hz) 3.70 (1H, d, J = 18. 7
Hz), 3.65 (1H, d, J = 18.7 Hz), 3.52 ?31H = 7.9 Hz), 3.50-3.46 (1H,
m, '''% N\N 3.07-2.99 (1H m, 2.342.25(1H, m, KkN...--N
2.23-2.18 (1H, n), 1.91-1.83 (1 H ), 1.57-1.44 (1H: m), 1.23 (3H, s),
0.99 H (3H_s). 87 [Table 1-8] 29 Eﬁb
|
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-HCI N :

An optically-active compound of 3,3-difluoro-1,6-diaza-spiro[3.5]nonane-1-carboxylic acid

benzyl ester 1 hydrochloride (11.2 g) was mixed with 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (4.2 g),
potassium carbonate (18.7 g) and water (104 ml), and the mixture was stirred for 16.5 hours with

5 refluxing. The mixture was cooled to room temperature, and thereto were added ethy! acetate and water.
The mixture was filtered, and the filtrate was separated and the resulting organic layer was washed with
saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The resulting residue was purified by silica gel column chromatography
(eluent: chloroform/acetone = 3/1). The resulting residue was purified by silica gel column

10 chromatography (eluent: chloroform/acetone = 2/1) again to give the titled compound (12.0 g).

'H-NMR (CDCl;) &: 10.22 (1H, br s), 8.37 (1H, s), 7.42-7.31 (53H, m), 7.10 (1H, dd, J = 3.3, 2.2 Hz),
6.56-6.51 (1H, m), 5.25-5.06 (3H, m), 4.77-4.62 (1H, m), 4.34-4.18 (2H, m), 3.75-3.43 (1H, m), 3.14-

2.94 (1H, m), 2.52-2.38 (0.5H, m), 2.36-2.27 (1H, m), 2.23-2.11 (0.5H, m), 2.04-1.91 (1H, m), 1.90-

, 1.77 (1H, m).
15 [0229]
(12)  Optically-active compound of 4-(3,3-difluoro-1,6-diaza-spiro[3.5]non-6-yl)-7H-pyrrolo[2,3-
d]pyrimidine
[Chemical Formula 91]
F
F
—- N
N/ N/
0 0
N~ N N~ N
H H :
20 .- To a solution of an optically-active compound of 3,3-difluoro-6-(7H-pyrrolo[2,3-d]pyrimidin-

4-yl)-1,6-diaza-spiro[3.5]nonane-1-carboxylic acid benzyl ester (12.0 g) in methanol/tetrahydrofuran
(120 ml/120 ml) was added 10% palladium carbon (2.4 g), and the mixture was hydrogenated at room
temperature under 4 atmospheres for 21 hours. The mixture was filtered through Celite, and the filtrate
was concentrated under reduced pressure. The resulting residue was slurry-purified by a mixed solvent
25 of n-hexane/ethyl acetate (2/1) to give the titled compound (6.6 g).
'"H-NMR (CDCl3) &: 10.04 (1H, br s), 8.32 (1H, s), 7.10 (1H, d, J = 3.5 Hz), 6.53 (1H, d, ] = 3.7 Hz),
4.60 (1H, d, J = 13.7 Hz), 4.20-4.13 (1H, m), 4.08-3.97 (1H, m), 3.92-3.81 (1H, m), 3.76 (1H, d, J =
13.7 Hz), 3.64-3.55 (1H, m), 2.08-1.78 (5H, m).
[0230]
30 (13)  Optically-active compound of 3-[3,3-difluoro-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-diaza-
spiro[3.5]non-1-yl]-3-0xo-propionitrile '
[Chemical Formula 92]



.- NNNKN--... NO----\_ 0\ HH Racemate 1H NVR (CDCL3) 8: 9.43 (1H, br
s), 8.28 (1H, s), 7.04 (1H, dd, J = 3.5, 2.1 Hz), 6.52 (1H, dd, J = 3.8,
1.5 Hz), 5.99-5.89 (1H, n), 5.33-5.27 (14 n), 5.23-5.18 (1H ),
4.75-4.68 (1H, n), 4.62-4.55 (1H, ), 4.14-4.08 (1H, n), 4.05-4.01 (2H, m,
3.81-3.76 (2H, m), 3.68-3.61 (1H, m), 3.56-3.48 (1H, m), 3.21-3.11 (2H, m,
2.66-2.54 (2, m), 2.12-2.04 (1H, ), 1.95-1.85 (2H, Ay, 1.83-1.65 (3H, m,

1.58-1.51 (ftHt—/n). 30 N..- Nk N.--***.) NO HC N H Enanti omer of
Compound HflguratlonOOf a- carbon of carbonyt” ™sNS (derived from
reagents). 81I—|—NNR(CD@1'§M4(1H br s), 8.29( HM? 06 (1H, dd, J
= 3.6, 1.7 &), 6. 54-%1H M) —A—Ft—4—64> 2H, 4030- 223 (1H ),
4.06- 4. 00NEDREAD) , 3. 74 , br s), 3.57-3.51 (2Hy $-29-3.21 (1H, m,

3.19-3.101{1 , 2.11-2.04 (1H, m, 1.98-1.72 (a\u 1.62-1.56 (1H m,
1.38 (3H, d¥Y JN=6.5 Hz). 31 F\IF/NNN—kN N\\\\NHRacemate
1H NVR (DVBO-DB) 8: .11.79 (1H, br s) 15 (1H, s), 753 1H, dd, J = 3

2.6 Hz), 6. 66 F1uCHpY-actje cgmgoung °§4F(I%)3'd‘f11108‘31 - dipg-gpina[3 ﬂfon erbéfﬁr’%@b@%
M), 4.11d{pyRmidine J(6:6 19 ovasz)mixel owith 1 fcyanoaptyk3 Selimethplpyrales 473 50, (NR-
m, 3. 28-d11®P!|.®Y1(C‘11HaHm)€ (42.18pal PG&-d{oRkf)e (1P nd), ardd th@ nORure s srijred 4. 9821 foB3
(1H, 5m), hturg9Thdmikinré bk cavjed t3BomHeiRparetrst ehed, thdNWiRwhaOMICH Bader, @nd It .miBufel H,
S), 8. 13 wad kkiraded with $@yl/acdifte ( Tht seParate® adidousbayePwAslitththebxtratte® ith @91 dcbtte sM
4.14 (1Hginfls. ITRe L8mBink&)or aﬂlcog dr L ias QCqulntlall}ng?s é_az)thg?’lsa%atgc%sa bl f{i?xm
ﬁ|\4E 2. 4%1c§11]o|5katmolut?0hla1ld25 t]ate(i a%’ueor& so&‘mngq chil‘orl%e s lutldn &d over a ydrous(sodlhmn)

NN Hsulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel
10 column chromatography (eluent: chloroform/acetone = 3/2 to 2/3). To the resulting residue was added
n-heptane, and the mixture was concentrated under reduced pressure. To the resulting residue was
added diethylether, and the mixture was slurry-washed and filtered to give a solid (7.5 g). The filtrate
was concentrated under reduced pressure. To the resulting residue was added diethylether, and the
mixture was slurry-washed to give a solid (0.2 g). The combined solid was purified by silica gel
15 column chromatography (eluent: chloroform/methanol = 97/3 to 9/1). To the resulting solid was added
ethanol, and the mixture was concentrated under reduced pressure to give the titled compound (7.1 g).
'H-NMR (DMSO-D6) 3: 11.74:(1H, br s), 8.15 (1H, s), 7.22-7.19 (1H, m), 6.65-6.62 (1H, m), 5.13-5.07
(1H, m), 4.69-4.46 (3H, m), 3.83 (IH, d, ] = 18.8 Hz), 3.77 (1H, 4, J = 19.2 Hz), 3.61-3.55 (1H, m),
2.99-2.91 (1H, m), 2.39-2.29 (1H, m), 2.26-2.19 (1H, m), 1.99-1.91 (1H, m), 1.63-1.48 (1H, m).
20 [a]D = +139.52° (25°C, ¢ = 1.04, methanol)
[0231]
[Preparation 6]: Synthesis of Compound 6
[Chemical Formula 93]

H3C\
Y
77/\\
N 0O \N
(DS
NT N

H
25 1 Optically-active compound of 2-benzylaminopropan-1-ol
[Chemical Formula 94]

el —— dL

To a solution of (S)-(=)-2-aminopropan-1-ol (50.0 g) and benzaldehyde (74 ml) in ethanol (500
ml) was added 5% palladium carbon (5.0 g), and the mixture was hydrogenated at room temperature




88 [Tabl e 1-9] D astereoner of Conpound 42 (Optically-active substance)
1H NWVR (DVBO- D6) 8: 11.60 (1H, br s), 8.10 (1H, s), 7.13-7.11 (1H, m,
6.45-6.43 (IH, m, 4.44-4.31 (21-1, m, A 00 (2H, s), 3.68-3.59 (1H, m,
3.52-3.39 (2H, m), 2.87-2.80 (1H, m, 1.99-1.90 (1H, m, 1.83-1.73 (4H, m,
1.36 (3H, d, J = 6.0 Hz). D astereoner of Conpound 13 (Optically-active
subst anc apder otdingiyRpré¢sDNBSr BdipuB. Thd red@ioh Hyixthre vek filtere® Sirgubh Cebide, and.chiRentraidd
(1H, m, ubdebredBeed Prefshi, to @ve the. tikdd dordpupd H11.0)g). 4. 08 (1H d, J =19.0 Hz),
4.00 (1H'HNMR (BMEB-15)) biz)34-B27 @36, 7. 32H1 8 (TH, mP-453-44 (;wsm(msd 52 13:544
(1H, m, gh %3663(1155(1 (J@H3 snﬂiz) 1283 24 3, r@ 2853, 5§(7H"%) fﬁttﬁrg%{%r@@ qu(lH

1H NYR ( br- Conpou
m, (Opti actlve substance) 654651(1H n, 479472(1H n,
463(1H[&§ J =12.3 43300f|gurat|on of a-carbon of carbonyl is S

(1H, dt, @ = Epgeally: aeﬂ‘w))mpaunfmf( penzyle(2-hydrexy-p-mgthspefhyl)ganggolacetic apjel teyy-butyl
3.72- (dé?tFrved fromreagents). H gher polarity on TLC 3.65 (1H, m,

3. 46- 3. 38Clfetrifal RyrmuB.924- 3. 16 (1H, n), 3.14-3.06 (1H, m), 2.21-2.14 (1H, m,
2.03-1.52 (ch,h@rof orm net hanol (6H, m, 1.34 (3H d,pnd_= 6.5 Hz). = 10/1)

t han Corrpound . Diastereomer of 1H NWR ( 13) .51 ]10. 07 (1H, br
Conmpound 35, mer of ©6.54-6.50

04061,

(1H, m, 4.73-A.64 (gﬁ%%nd 30. m, 4.27 (1H,o dt 6.5, 6.5 Hz),

Confi gur at@/gf a-carbon of carbonyl is R (derived f\@. 07-4.01 (1H m,

3.77 (1H, s), 3.60-3.51 (2H, m, 3.30-3.21 (1H, m, 9-3.10 (1H, m,

2.1202.04 reagents). Lower (1H, n), 1.98-1.57 (6H, n), 1.38 polarity on TLC"

(chl or of or m mdphamgktufe3pf ag, oplicallygacEva-zpmpennd 0¢f1 P-betrxlamBmppwpand-ol 3511.2 89,

[ Tabl e 1pd@ssBim carbémeefinl .6 ©f afGoNpddindttylformamide (556 ml) cooled to 0°C was added
dropwise bromoacetic acid tert-butyl ester (109 ml) over 20 minutes, and the mixture was stirred at
room temperature for 19.5 hours. The mixture was acidified by the addition of 2M aqueous

15 hydrochloric acid solution and 6M aqueous hydrochloric acid solution to pH 2, and washed with
toluene (1000 ml). The separated organic layer was extracted with 0.1M aqueous hydrochloric acid
solution (300 ml). The combined aqueous layer was adjusted to pH 10 by 4M aqueous sodium
hydroxide solution, and extracted with ethyl acetate (700 ml). The organic layer was sequentially
washed with water (900 ml) and saturated aqueous sodium chloride solution (500 ml). The separated

20 aqueous layer was extracted with ethyl acetate (400 ml) again. The combined organic layer was dried
over anhydrous sodium sulfate, and concentrated under reduced pressure to give the titled compound
(160.0 g).

'H-NMR (DMSO-Dy) 6: 7.37-7.26 (4H, m), 7.24-7.19 (1H, m), 4.26 (1H dd, J=6.9, 3.9 Hz), 3.76 (1H,

d, J = 14.1 Hz), 3.68 (1H, d, J = 13.9 Hz), 3.45-3.39 (1H, m), 3.29-3.20 (1H, m), 3.24 (1H, d,J = 17.2
25 Hz),3.13 (1H, d,J = 17.0 Hz), 2.84-2.74 (1H, m), 1.37 (9H, s), 0.96 (3H, d, J = 6.8 Hz).

[0233]

3) Optically-active compound of [benzyl-(2-chloropropyl)-amino]Jacetic acid tert-butyl ester

[Chemical Formula 96]

\},o\g/i:j\ -~ \{/o\g/\cp\ - \{/ojo(\cr:j/
e © ©
30 [0234]

(3)-(1) Optically-active compound of [benzyl-(2-chloro- l-methylethyl) -aminolacetic acid tert-butyl
ester
[Chemical Formula 97]

wmpk - +rl
0 O

35 To a solution of an optically-active compound of [benzyl-(2-hydroxy-1-methylethyl)-




1H- NWVR (DVSO-D6) 8: 11.73 (lH, br s),,8.15 (1H, s), 7.21 (1H, dd
2.6 Hz), 6.64 (1H, dd, J 3.6, 2.0 HZ) 5.14-5.07 (1H, m, 4.70-4.46 (3H,
m, 3.83 (1H, d, J:189HZ) "G -3 77 (1H, d, J 18.9 Hz),
3.62-3.56 (1H, m, 3.00-2.91 (lH n, 240- 2.29 (1H, m, 2.27-2.20
(1H, m, 1.99-1.91 (114, m, 1.63-1.49 (1H, m. 38 CH3 Racenate
1H NVR ( BNVBQaBE) agd terttbe esteH]160.0 g) brcisdrofosn 0BI0(lHeoadd toD°Q WaF a@Bd (icptwise) ,
CH3 1 thionyl dhldvide (I0H, mijpandkhemBinbye wis Sirkdd)at 6@ CLBr 2 hourt THe fdctioR Irhixttde, was
3. 97- 3. 8&vofedhth 090, , Then, thereto were added saturated aqueous sodium bicarbonate solution (1000 ml) and
. chloroform (100 ml), and the mixture was stirred. The separated organic layer was washed with
5 saturated aqueous sodium chloride solution (500 ml), and the aqueous layer was extracted with
chloroform (450 ml) again. The combined organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure to give the titled compound (172.9 g).
'H-NMR (CDCl;) &: 7.40-7.22 (5H, m), 4.05-3.97 (0.4H, m), 3.93-3.81 (2H, m), 3.70-3.65 (0.6H, m),
3.44-3.38 (0.6H, m), 3.29 (0.8H, s), 3.27 (1.2H, d, J = 2.4 Hz), 3.24-3.15 (0.6H, m), 3.05-2.99 (0.4H,
10 m), 2.94-2.88 (0.4H, m), 1.50 (1.2H, d, J = 6.4 Hz), 1.48 (3.6H, s), 1.45 (5.4H, s), 1.23 (1.8H,d,J = 6.8
Hz).
[0235]
(3)-(2) Optically-active compound of [benzyl-(2-chloropropyl)- ammo]acetlc acid tert-butyl ester
. [Chemical Formula 98]

ci
\{/OY\Nj\ : - \i/O\ﬂ/\Nj/
el e
An optically-active compound of [benzyl-(2-chloro-1-methylethyl)-amino]acetic acid tert-butyl
ester (172.9 g) was dissolved in N,N-dimethylformamide (520 ml), and stirred at 80°C for 140 minutes.
The reaction mixture was cooled to 0°C. Then, thereto was added water (1200 ml), and the mixture
was extracted with n-hexane/ethyl acetate (2/1, 1000 ml). The organic layer was sequentially washed
20 with water (700 ml) and saturated aqueous sodium chloride solution (400 ml), and the separated
aqueous layer was extracted with n-hexane/ethyl acetate (2/1, 600 ml) again. The combined organic
layer was concentrated under reduced pressure, and the resulting residue was purified by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 50/1 to 40/1) to give the titled compound
(127.0 g).
25 'H-NMR (CDCl;) &: 7.37-7.29 (4H, m), 7.28-7.23 (1H, m), 4.05-3.97 (1H, m), 3.91 (1H, d, J = 13.5 Hz),
3.86 (1H, d,J = 13.7 Hz), 3.29 (2H, s), 3.03 (1H, dd, J = 13.9, 6.6 Hz), 2.91 (1H, dd, J = 13.9, 6.8 Hz),
1.50 (3H, d, J = 6.4 Hz), 1.48 (9H, s).
[0236]
4) Optically-active compound of 1-benzyl-3-methylazetidine-2-carboxylic acid tert-butyl ester
30 [Chemical Formula 99]

%QT@ . *Fv@

To a solution of an optically-active compound of [benzyl-(2-chloropropyl)-amino]acetic acid

tert-butyl ester (60.0 g) and hexamethyl phosphoramide (36.0 ml) in tetrahydrofuran (360 ml) cooled to

-72°C was added dropwise lithium hexamethyl disilazide (1.0M tetrahydrofuran solution, 242 ml) over

35 18 minutes, and the mixture was warmed to 0°C over 80 minutes. To the reaction mixture were
sequentially added saturated aqueous ammonium chloride solution (300 ml) and water (400 ml), and the
mixture was extracted with ethyl acetate (500 ml). The organic layer was sequentially washed with

water (700 ml) and saturated aqueous sodium chloride solution (500 ml), and the separated aqueous

layer was extracted with ethyl acetate (300 ml) again. The combined organic layer was dried over

40 anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting residue was purified

dd, J = 3.4,
7

15




yr\ 3.71 (2H, s), 3.65 (2H, s), 2.43-2.22 NON (2H, m, 1.24 (3H, s),
1.20 (3H, s). Nk / \ N H 39 Racerrate 1H NMR (CDC13) 8: 10.34 (1H,
br s), 8.29 (1H, s), 7.06 (1H d, J N Hz), 6.52 (1H, d, J =
3.7 Hz), 4.76- N. , 4.68 (1H, , 563(1H d, J = 13.0 Hz), 4.11
(1H, d, J = 12.8 Hz), 3.75- N\bH3 370(2H n) 366360(1H m,
[./* by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 50/1 to 4/1) to give the tltled
" compound (50.9 g).
'H-NMR (CDCly) &: 7.34-7.21 (5H, m), 3.75 (1H, d, J = 12.6 Hz), 3.70-3.67 (1H, m), 3.58 (1H, d,J =
12.6 Hz), 3.05-3.01 (1H, m), 2.99-2.95 (1H, m), 2.70-2.59 (1H, m), 1.41 (9H, s), 1.24 3H, d,J = 7.1
5 Hz).

[0237]

(5) Optically-active compound of 3-methylazetidine-1.2-dicarboxylic acid di-tert-butyl ester

[Chemical Formula 100]

RO —— oy

10 To a solution of an optically-active compound of 1-benzyl-3-methylazetidine-2-carboxylic acid
tert-butyl ester (43.5 g) and di-tert-butyl dicarbonate (38.2 g) in tetrahydrofuran/methanol (130 ml/130
ml) was added 20% palladium hydroxide carbon (3.5 g), and the mixture was hydrogenated under 4
atmospheres for 2 hours. The mixture was filtered through Celite, and the filtrate was concentrated
under reduced pressure to give the titied compound (48.0 g).

15 'H-NMR (DMSO-Dy) &: 4.44 (1H, d, J = 8.8 Hz), 3.99-3.77 (1H, m), 3.45-3.37 (1H, m), 3.00-2.88 (1H,
m), 1.45 (9H, s), 1.40-1.30 (9H, m), 1.02 (3H, d, J = 7.2 Hz).
[0238] .
(6) Optically-active compound of 3-methyl-2-(3-methyl-but-2-enyl)-azetidine-1,2-dicarboxylic
acid di-tert-butyl ester

20 [Chemical Formula 101]

e w)j o e - %/%roy/

To a solution of an optically-active compound of 3-methylazetidine-1,2-dicarboxylic acid di-
tert-butyl ester (48.0 g) and 1-bromo-3-methyl-2-butene (25.4 ml) in tetrahydrofuran (380 m!) cooled to
-69°C was added lithium hexamethyl disilazide (1.0M tetrahydrofuran solution, 200 ml). The reaction
25 mixture was warmed to -20°C over 40 minutes, and stirred at the same temperature for additional 20
minutes. To the reaction mixture were sequentially added saturated aqueous ammonium chloride
solution (200 ml) and water (300 ml), and the mixture was extracted with n-hexane/ethyl acetate (1/1,
500 ml). The separated organic layer was sequentially washed with water (200 ml) and saturated
aqueous sodium chloride solution (200 ml), dried over anhydrous magnesium sulfate and concentrated
30 ‘under reduced pressure. The resulting residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate = 15/1 to 8/1) to give the titled compound (44.5 g).
'H-NMR (CDCl3) &: 5.29-5.21 (1H, m), 3.77-3.72 (1H, m), 3.49-3.44 (1H, m), 2.73-2.52 (3H, m), 1.76-
1.74 (3H, m), 1.66-1.65 (3H, m), 1.51 (9H, s), 1.43 (9H, s), 1.05 (3H, d, ] = 7.3 Hz).
[0239] _
35 (7 Optically-active compound of 3-methyl-2-(2-oxoethyl)azetidine-1,2-dicarboxylic acid di-tert-
butyl ester
[Chemical Formula 102]




3.54-3.47 (1H, m), 3.39 (3H, s), 3.22- NN 3.12 (2H, n), 2.64-2.51 (2H,
M, H 2.12-2.04 (1H m, 1.96-1.61 (5H, M, 1.59-1.52 (1H, n). 40 CH
Single 1H NVR (DVSO-D6) 8: 11.73 (1H, Fesdi astereoner(Optically- br s),
8.14 (1H, s), 7.17 (1H, dd, J = active substance) 3.5, 2.3 Hz), 6.61
(1H, dd, J = 3.5, F. 1.6 Hz), 4.47-4.37 (1H, m), 4.30-4.24 Nc?---

\ N2-4.05 (2H, m, 4.12° N\(H d, J = 19.2 Hz), 4.04 (1H d,
J 3. 65-3.60 (1H, . 54- kN

=o—0 Z//
JF%

A solution of an optically-active compound of 3-methyl-2-(3-methyl-but-2-enyl)-azetidine-1,2-
dicarboxylic acid di-tert-butyl ester (44.5 g) in chloroform/methanol (310 mi/310 ml) cooled to -70°C
was flowed ozone air for 1 hour. To the reaction mixture was added a solution of triphenylphosphine

5 (44.7 g) in chloroform (45 ml) in small batches, and the mixture was warmed to room temperature. To
the mixture were added saturated aqueous sodium thiosulfate solution (200 ml) and water (300 ml), and
the mixture was extracted with chloroform (500 ml). The separated organic layer was washed with
saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate and concentrated
under reduced pressure to give the titled compound (95.0 g), which was used in the next step without

10 further purification.
'H-NMR (DMSO0-Dy) 8: 9.65 (1H, t, J = 2.6 Hz), 3.79-3.74 (1H, m), 3.45-3.40 (1H, m), 2.99-2.80 (3H,
m), 1.46 (9H, s), 1.34 (9H, s), 1.06 (3H, d, ] = 7.2 Hz).
[0240] :
8) Optically-active compound of 2-(2-benzylaminoethyl)-3-methylazetidine-1,2-dicarboxylic acid
15 di-tert-butyl ester
[Chemical Formula 103]

OJ%TOW Q S %W

To a solution of the residue (95.0 g) obtained in (7) in tetrahydrofuran (300 ml) was added
benzylamine (34 ml) at room temperature, and the mixture was stirred for 2 hours. The mixture was
20 cooled to 0°C. Then, thereto was added sodium triacetoxyborohydride (83.3 g), and the mixture was
stirred at room temperature for 1.5 hours. To the reaction mixture was added water (300 ml), and the
mixture was extracted with n-hexane/ethyl acetate (1/3, 600 ml). The separated organic layer was
washed with water (300 ml) and saturated aqueous sodium chloride solution (200 ml), and then
extracted with 5% aqueous citric acid solution (300 ml, 200 ml) twice and 10% aqueous citric acid
25 solution (250 ml x 3) 3 times. The combined aqueous layer was basified by 4M aqueous sodium
hydroxide solution to pH 10 and extracted with chloroform (300 ml). The organic layer was washed
with saturated aqueous sodium chloride solution (200 ml), dried over anhydrous magnesium sulfate and
concentrated under reduced pressure to give the titled compound (46.9 g).
'H-NMR (DMSO0-Dy) &: 7.34-7.26 (4H, m), 7.22-7.17 (1H, m), 3.74-3.65 (2H, m), 3.61 (1H, t,J = 7.8
30 Hz), 3.28 (1H, t, ] = 7.5 Hz), 2.76-2.66 (2H, m), 2.57-2.45 (1H, m), 2.15 (1H, br s), 2.05-1.89 (2H, m),
1.42 (9H, s), 1.27 (9H, s), 0.96 (3H, d, J = 7.1 Hz).
[0241]
9 Optically-active compound of 2-(2-benzylaminoethyl)-3-methylazetidine-2-dicarboxylic acid 2
hydrochloride
35 [Chemical Formula 104]




H 3.48

(1H, m), 2.70-2.64 (1H, n), 2.08-1.97 (1H n), 1.71-1.63 (1H,

m, 1.08 (3H, d, J = 7.0 Hz).. 90 [Table 1-11 41 CH CH3 Racemate 1H N
(DMBO-D6) 8: 11.57 (1H, br s), 8.07 (1H69s), 7.09 (1H, dd, J -- 3.5, 2.4
Hz), 6.56 (1H, dd, J = 3.5, 2.0 Hz), 4.01-3.81 (4H, m, 3.96 (1H, d, J =

18.7 Hz),
2.16-2. 06 , m, 1.77- 1.69 (2H, m

N I't. NN
(1H,

(Opti cal
(1H m,
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25
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3.90 (1H, d, J =19.0 Hz), 3. 48 3.42 (2H, m, 2.46-2.37 (1H,
03 (3H, s), 0.98 (3H, s). (,

r of 1H NVR (DVBO- D6) 8: 11. 57
-7.09 (1H, m,

Ft), 4. 73- substance) 4.6
s), 3.72-3.66 (1H, m, 3.5

(C?;} -\ N\ H 42 Diast§§>a
rrj?%% br s), 8.08 (1H, ysY,
| Wctivere: —(—H—t—dﬁﬁzz .5

4 284, (ﬁﬁ n, 7-
/gg *2HCI

An optically-active compound of 2-(2-benzylaminoethyl)-3-methylazetidine-1,2-dicarboxylic
acid di-tert-butyl ester (46.5 g) was mixed with 4M hydrochloric acid-1,4-dioxane (230 ml) and water
(4.1 ml), and the mixture was stirred at 80°C for 2 hours. The mixture was concentrated under reduced
pressure, azeotroped with toluene, and then slurry-washed with n-hexane/ethyl acetate (1/1, 440 m)) to
give the titled compound (30.1 g).

'H-NMR (DMSO-Dy) &: 10.24 (1H, br s), 9.64 (2H, br s), 8.90 (1H, br s), 7.58-7.53 (2H, m), 7.47-7.41
(3H, m), 4.21-4.10 (2H, m), 4.02-3.94 (1H, m), 3.46-3.37 (1H, m), 3.20-3.10 (1H, m), 2.99-2.85 (2H,
m), 2.69-2.54 (2H, m), 1.10 (3H, d, J = 7.2 Hz).

[0242]

(10)  Optically-active compound of 6-benzyl-3-methyl-1,6-diazaspiro[3.4]octan-5-one

[Chemical Formula 105}

N
H HO™ ~o
*2HCI

To a solution of an optically-active compound of 2-(2-benzylaminoethyl)-3-methylazetidine-2-
dicarboxylic acid 2 hydrochloride (29.1 g) and N,N-diisopropylethylamine (65 ml) in chloroform (290
mi) was added O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (41.3
g) at room temperature, and the mixture was stirred for 4 hours. To the reaction mixture were added
saturated aqueous sodium bicarbonate solution (200 ml) and water (100 ml), and the mixture was
extracted with chloroform (200 ml). The organic layer was washed with saturated aqueous sodium

*z
N

~chloride solution, dried over anhydrous magnesium sulfate and concentrated under reduced pressure.

The resulting residue was purified by silica gel column chromatography (eluent: chloroform/methanol =
20/1 to 10/1) to give the titled compound (21.3 g).

'"H-NMR (DMSO-Dy) &: 7.38-7.31 (2H, m), 7.30-7.22 (3H, m), 4.52 (1H, d, J = 14.8 Hz), 4.29 (1H, d, J
= 14.8 Hz), 3.35-3.27 (2H, m), 3.22-3.17 (1H, m), 3.05 (2H, dd, J = 9.5, 4.0 Hz), 2.77-2.66 (1H, m),
2.16-2.10 (1H, m), 1.96-1.87 (1H, m), 0.94 (3H, d, ] = 7.1 Hz).

[0243]

(11)  Optically-active compound of 6-benzyl-3-methyl-1,6-diazaspiro{3.4]octane-1-carboxylic acid
tert-butyl ester

[Chemical Formula 106]

& - (E‘Zf%
O

N

T

To a suspension of lithium aluminum hydride (6.8 g) in tetrahydrofuran (300 ml) was slowly
added dropwise concentrated sulfuric acid (4.8 ml) under ice-cooling, and the mixture was stirred for 30

VR

m,

5
1-

N



3.44 (1H, m, 3.43-3.36 (1H, m, 3.23-3.15 (1H, m, 2.28-2.21 (1H,
m, 2.13-2.05 (1H m, 1.94-1.86 (2H, m, 1.60-1.54 (1H m, 1.31
(3H, d, J = 6.5 Hz). 43 Di astereoner moxture. 1H NVR (CDCl3) 5: _
10.97-10. 54 Configuration of a- (1H m, 8.30 (1H s), 7.11-7.08 (1H,
20§|9t I( gn 9rfn,;ecs:aib n l f rgi d%ﬂ?ropsvlse ﬁ S%EUOAI cgfn ()H_tf_?l_ﬁgﬁxcuvgccg@ao qu_pfa 62??&391%)1'3? ?
) 3.71- @e@s l(@dlg;qspxﬁsp 4bct5r85-3n<5(f1(3 _fgp.pn tetrahydrofuran (100 ml), and the mixture was stirred
at the same temperature for additional 45 minutes. To the reaction mixture were sequentially added
water (7.0 ml), 4M aqueous sodium hydroxide solution (7.0 ml) and water (14.0 ml), and the mixture
5 was directly stirred for 30 minutes. To the mixture were added anhydrous magnesium sulfate and ethyl
acetate (100 ml), and the mixture was stirred, and then filtered through Celite. To the filtrate was added
di-tert-butyl dicarbonate (23.4 g) at room temperature, and the mixture was stirred for 3 hours. The
mixture was concentrated under reduced pressure until reduced by half and washed with saturated
aqueous ammonium chloride solution (200 ml x 2) twice. To the separated organic layer was added n-
10 hexane (200 ml), and the mixture was extracted with 10% aqueous citric acid solution 5 times. The
separated aqueous layer was basified by 4M aqueous sodium hydroxide solution and extracted with
chloroform. The organic layer was washed with saturated aqueous sodium chloride solution (200 ml),
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (eluent: chloroform/methanol = 40/1 to 20/1)
15 to give the titled compound (15.6 g).
'H-NMR (DMSO-Dy) &: 7.34-7.27 (4H, m), 7.26-7.21 (1H, m), 3.84-3.69 (1H, m), 3.62-3.47 (2H, m),
3.19-3.05 (1H, m), 3.02-2.92 (1H, m), 2.76-2.69 (1H, m), 2.47-2.24 (4H, m), 1.95-1.77 (1H, m), 1.36
(9H, s), 1.03 (3H, d, = 7.0 Hz).
[0244]
20 (12)  Optically-active compound of 3-methyl-1,6-diazaspiro[3.4]octane-1-carboxylic acid tert-butyl
ester
[Chemical Formula 107]

Y
X
7(

N7]/O
o7< Noo
O

To a solution of an optically-active compound of 6-benzyl-3-methyl-1,6-diazaspiro[3.4]octane-

25 1-carboxylic acid tert-butyl ester (10.0 g) in tetrahydrofuran/methanol (50 ml/50 ml) was added 20%

palladium hydroxide carbon (2.0 g), and the mixture was hydrogenated under 4 atmospheres for 24

hours. The mixture was filtered through Celite, and the filtrate was concentrated under reduced

pressure to give the titled compound (7.3 g).

'H-NMR (DMSO-Dy) 8: 3.88-3.71 (1H, m), 3.44-3.06 (2H, m), 3.02-2.64 (4H, m), 2.55-2.38 (1H, m),
30 2.31-2.15 (1H, m), 1.81-1.72 (1H, m), 1.37 (9H, s), 1.07 (3H, d, ] = 7.0 Hz).

[0245]

(13)  Optically-active compound of 3-methyl-6-(7TH-pyrrolo[2,3- d]pyr1m1d1n-4-y1) 1,6-

diazaspiro[3.4]Joctane-1-carboxylic acid tert-butyl ester

[Chemical Formula 108]

N . e
Fre 5 "
H H |\\N| .

35 H
An optically-active compound of 3-methyl-1,6-diazaspiro[3.4Joctane-1-carboxylic acid tert-
butyl ester (6.9 g) was mixed with 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (4.3 g), potassium carbonate




m, 3.45-3.37 (0.5H, n), 3.29-3.05 (2H, m), 2.21-2.14 (0.5H, m, 2.1 1

- 2.04 (0.5H m, 2.02-1.70 (5H m, 1.66-1.53 (1H, m, 1.39-1.32
(3H, m. 44 Racemat e 1H NMR (CDC13)7 8. 10.67-10. 25 (1H, m, 8.30
(1H, s), 7.11-7.07 (1H, m, 6.52 (1—|—1|, d J =3.2 Hz), 4.78- 4. 71
(1H, m, 4.70-4.64 (1H, m, 4.09 (1H, d, J = 15.3 Hz), 4.04-3.98 (1H,
m, 4.03(17718) amfl water=(6350lB abid ktirred for 4 hours with refluxing. The mixture was cooled to room

' temperature, and thereto - was added water (60 ml). The mixture was extracted with

chloroform/methanol (10/1, 120 ml). The organic layer was sequentially washed with water, saturated
aqueous ammonium chloride solution and saturated aqueous sodium chloride solution, and dried over
5 anhydrous sodium sulfate. To the mixture was added silica gel (4 g), and the mixture was stirred for 10
minutes, filtered through Celite and concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluent: chloroform/ethyl acetate = 1/1, followed by
chloroform/methanol = 50/1 to 20/1) to give the titled compound (10.0 g).
'H-NMR (DMSO0-Ds) 8: 11.59 (1H, br s), 8.09 (1H, s), 7.12-7.09 (1H, m), 6.64-6.59 (1H, m), 4.09-3.66
10 (5H, m), 3.39-3.21 (1H, m), 2.64-2.44 (2H, m), 2.27-2.06 (1H, m), 1.36 (3H, s), 1.21 (6H, s), 1.11 (3H,
- d,J=6.5Hz).
[0246]
(14)  Optically-active  compound of 4-(3-methyl-1,6-diazaspiro[3.4Joct-6-yl)-7H-pyrrolo[2,3-
d]pyrimidine 2 hydrochloride
15 [Chemical Formula 109] .

N lo} - N
QY& 51/\5
\N N \N N
H H
*2HCI

An optically-active compound of 3-methyl-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-
diazaspiro[3.4}octane-1-carboxylic acid tert-butyl ester (9.5 g) was mixed with 4M hydrochloric acid-
1,4-dioxane (50 ml), chloroform (50 m!) and methanol (100 ml), and the mixture was stirred at 60°C for

20 30 minutes. The mixture was concentrated under reduced pressure, and azeotroped with toluene to give
the titled compound (9.3 g). . _
'H-NMR (DMSO-Dy) &: 12.91 (1H, br s), 9.97-9.64 (2H, m), 8.45-8.35 (1H, m), 7.58-7.47 (1H, m),
7.04-6.92 (1H, m); 4.99-4.65 (1H, m), 4.32-3.21 (7H, m), 3.04-2.90 (1H, m), 2.46-2.31 (1H, m), 1.27
'(3H, d, J = 6.0 Hz).

25 [0247]
(15)  Optically-active  compound of  3-[3-methyl-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-
diazaspiro[3.4]oct-1-yl]-3-oxopropionitrile
[Chemical Formula 110]

o

v

NH o
/)\l
N + _</N/\NK)K/ 0 N
NT S\ = NT T\
N N
N H . N H .
*2HCI
30 An optically-active compound of 4-(3-methyl-1,6-diazaspiro[3.4]oct-6-y1)-7H-pyrrolo[2,3-

d]pyrimidine 2 hydrochloride (8.8 g) was mixed with 1-cyanoacetyl-3,5-dimethylpyrazole (6.8 g), N,N-
diisopropylethylamine (20 ml) and 1,4-dioxane (100 ml), and the mixture was stirred at 100°C for 1
hour. The mixture was cooled to room temperature, and thereto was added saturated aqueous sodium
bicarbonate solution. The mixture was extracted with chloroform/methanol (10/1). The separated
35 organic layer was washed with saturated aqueous sodium chloride solution, dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The resulting residue was purified by



3.67 (1H, br s), 3.50-3.42 (1H, m, 3.41-3.32(1H, n), 3.26-3.17 (1H,
m, 3.17-3.08 (1H, n), 2.18-2.10 (1H, ), 2.04-1.58 (6H, m. 91 [Table
1-12]. 1HNWR (CDC13) 6: 10.62 (1H, br 73), 8.30 (1H, s), 7.08 (1H, d, J =
3.5 Hz), 6.54-6.50 (1H, n), 4.75-4.57 (2H, n), 4.20-4.12 (1H, n), 4.05-

g g? ( 1H 11 raf):,ﬁgl > 8rr?n égau%rafgy eil‘;gnt rfglo?c;‘or\;’rggéh%éll_l E? 1t 3/ 1)5%n8931%g_n(tgggggql¢?
m, 1. 41@@1036 P(eaﬂﬂre e resnlmwdem%yr%wasiled 98h (lilleptarm/etlsa)nol @/1390 milkp giy,
7.09 (1Hesalid (23 g). 36 splid) was6lue3-veash@l WitltH)-hepyane/éthabl &5/ 580 B Hhgaimto gidve Poystal 12
(1H, ), ofAhOftted3o@Fbupd k6.1 @), 3.85-3.78 (0.5H, n), 3.68-3.62 (1H ),

3. 535 3. 461-NUBIHMID-D B 376@(135 bt . os;m,H 3), 241 31 %d( 23 sM 4 H%) %%8%11@41

m, 1.9941; 48, @h‘mfﬂt(lﬁ 399?3@3(( 84303 @'\ﬁ% ?Lﬁé
br s 8
L %ﬁi@ o 4" 688% dj‘g g %* R
Wr‘}) % ,388379(1Hrr)37_7370(05H n,
f IH‘” °(’§C49 547met IS’ , 3.01-2.82 (2H, nm), 2.05 (1.5H, s),
040( 81sTo thz roulting fiWS(ahH& ) was @@qu%ta(@réw mij), artd, (5O mixturd 3vag hedtedra
35 (1. B]Q°C oknd Jstimre§ . 8Afdz ) the Zb0®mle(eld15$dJuttdp oF soliGs, 8hdzlution Bl NvRed PVEHE)
11. 67tefnpétatuterbysiyC Ber(38 nfidites, and futhdrStifrddht rétin teshperairdovedight HI)e gefiera@d
(1H, dd, crystats Wer@ filtdred, wikled vﬁth712blﬁar§)§(((j-fﬂl) aml drléjd ﬁﬁer(rlabillceggres]sur‘e td %lvlé legs}al

3.98 (1M oftne fhicd cddodiun 3.94 (1H d,
13, @5( Hloﬂht}“ %p&awrﬁ) 339(3 34(1H m) 3.30(3H s), 299289
(2H," 1), %§51

52 (2H, n), 1.51-1.45 (1H m). 92
[ Tabl e 1&?& ﬂs#“ ﬁ%é?%‘fpé’““dl NI\/R((DI\/BrCr)}DG) 8: 11.64 (1H, br s), 8.08
(1H s), [Cpemigal Popmulg 41115 = 35 2.6 Hz), 6.54 (1H, dd, J = 3.8,
1.7 H), 5.9 (M. t, J =56 H).
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(1) Optically-active compound of 3-trichloromethyltetrahydropyrrolo[1,2-c]oxazol-1-one
20 [Chemical Formula 112]

H O\fo
O\«OH + G - N
N ol 0 o}
H 0 cl . Ci

Cl Cl

_CT_)!AI\JOO-&-II

To a solution of D-proline (100.0 g) in acetonitrile (400 ml) was added dropwise chloral (169
ml) at room temperature, and the mixture was stirred for 18 hours. The mixture was filtered, and the
filtrate was concentrated under reduced pressure. To the resulting residue was added water, and the
25 mixture was extracted with chloroform. The separated organic layer was dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure. The resulting residue was slurry-washed
with n-hexane/ethyl acetate (20/1, 900 ml) to give the titled compound (159.7 g).
'H-NMR (DMSO-Dy) §: 5.83 (1H, s), 4.10 (1H, dd, J = 9.0, 4.2 Hz), 3.34-3.27 (1H, m), 3.20-3.13 (1H,
m), 2.19-2.07 (1H, m), 1.98-1.90 (1H, m), 1.83-1.73 (1H, m), 1.67-1.55 (1H, m).
30 [0250]

2) Optlcally-actlve compound of 7a-allyl-3-trichloromethyltetrahydropyrrolo[1,2-c]oxazol-1-one



4.72-4.64 (1H, n), 4.40 (1Hd, J = . r 12.5 Hz), 3.87 (1H d, J = 12.5

Hz), 3.39-3.29 (1H, n), 3.28-3.21 (1H, m, 3.07-3.00 (2H, m),
2.96-2. 84 (2H, n), 1.83-1.65 (4H ), 1.62- 1.47 (2H, m,
1.44-1.37 (1H, ), 1.02 (3H, t, J = 7.1 Hz). 50

[Chemical Formula 113]

N 0 . 0]
O\f N N

0
Ct Cl
cl” g G ql

Y

To a solution of diisopropylamine (60 ml) in tetrahydrofuran (160 ml) was added dropwise n-
butyllithium (2.64M hexane solution, 161 ml) over 20 minutes under ice-cooling, and the mixture was
5 directly stirred for 40 minutes. To the mixture cooled to -68°C was added dropwise a solution of 3-
trichloromethyltetrahydropyrrolo[1,2-cJoxazol-1-one (80.0 g) in tetrahydrofuran (640 ml) over 30
minutes, and the mixture was directly stirred for 20 minutes. To the mixture was added allyl bromide
(57 ml), and the mixture was directly stirred for 1 hour. To the reaction mixture was added saturated
aqueous ammonium chloride solution (1000 ml), and the mixture was extracted with ethyl acetate (800
10 ml). The separated organic layer was washed with water (800 ml) and saturated aqueous sodium
chloride solution (500 ml). The separated aqueous layer was extracted with ethyl acetate (400 ml, 500
ml) twice. The combined organic layer was dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure to give the titled compound (86.1 g).
'H-NMR (CDCl;) 3: 5.96-5.84 (1H, m), 5.22-5.21 (1H, m), 5.20-5.16 (IH, m), 5.00-4.98 (1H, m), 3.26-
15 3.15 (2H, m), 2.67-2.53 (2H, m), 2.19-2.11 (1H, m), 2.08-1.98 (1H, m), 1.95-1.85 (1H, m), 1.72-1.61
(1H, m).
[0251] . :
3) Optically-active compound of 2-allylpyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
methyl ester :
20 [Chemical Formula 114]

4 4

0]
C : _ 0 (62N
Cl ¢

To a solution of 7a-allyl-3-trichloromethyltetrahydropyrrolo[1,2-cjoxazol-1-one (86.1 g) in '
methanol (430 ml) cooled to 0°C was added dropwise concentrated sulfuric acid (43 ml), and then the
mixture was stirred for 13.5 hours with refluxing. The mixture was cooled to room temperature and

25 concentrated under reduced pressure. Then, to the resulting residue was added ethy! acetate (500 ml),
and the mixture was extracted with water (500 ml). The separated organic layer was extracted with
water (300 ml) again. The combined aqueous layer was neutralized by 4M aqueous sodium hydroxide
solution to pH 7.5. To the mixture was added sodium bicarbonate (55 g), followed by a solution of di-
tert-butyl dicarbonate (85.7 g) in tetrahydrofuran (430 ml) at room temperature, and the mixture was

30 stirred overnight. To the mixture was added ethyl acetate (800 ml), and the mixture was extracted. The

' separated organic layer was sequentially washed with water (1000 ml) and saturated aqueous sodium
chlonde solution (500 ml). The separated aqueous layer was extracted with ethyl acetate (400 ml) again.
The combined organic layer was dried over anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel column chromatography (eluent: n-

35 hexane/ethyl acetate = 30/1 to 10/1) to give the titled compound (61.2 g).

'H-NMR (CDCl;) 3: 5.82-5.70 (1.0H, m), 5.16-5.14 (1.0H, m), 5.13-5.09 (1.0H, m), 3.73-3.66 (0.7H,



0 -") cp 1 Racemate 1H NMR (CDC13) 8: 10.68 (1H, br s), 8.28 (1H,

s), 7.07 (1H, d, J = 3.2 Hz), 6.51 (1H, d, J = 3.7 Hz), 4.75-
4.68 (1H, ), 4.67-4.61 (1H m, 484 (1H d, J = 14.6 Hz), 4.60 (1H,
d, J = 14.8 Hz), 4.06-4.01 (1H m), 3.58-3.51 (1H, n), 3.49-3.42 (1H,

m), 3.72 (3.0H, s), 3.63-3.56 (0.3H, m), 3.42-3.31 (1.0H, m), 3.14-3.07 (0.3H, m), 2.96-2.89 (0.7H, m),

2.65-2.57 (1.0H, m), 2.17-1.98 (2.0H, m), 1.94-1.75 (2.0H, m), 1.46 (3.0H, s), 1.43 (6.0H, s).

[0252] -

4) Optically-active compound of 2-(3-hydroxypropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-
5 butyl ester 2-methyl ester

[Chemical Formula 115]

J OH

N Y .~ -
/fOO\ . ﬁ OO\
To a solution of 2-allylpyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (25.0
g) in tetrahydrofuran (125 ml) cooled to 0°C was added dropwise borane-tetrahydrofuran complex
10 (1.0M tetrahydrofuran solution, 105 ml) over 30 minutes, and the mixture was stirred at the same
temperature for 2.5 hours. To the reaction mixture was added dropwise additional borane-
tetrahydrofuran complex (1.0M tetrahydrofuran solution, 11 ml), and the mixture was stirred at the
same temperature for 50 minutes. To the reaction mixture was added dropwise water (180 ml) over 30
minutes and added sodium peroxoborate ! hydrate (12.0 g) in small batches. The mixture was warmed
15 to room temperature and stirred overnight, and then thereto was added water (500 ml). The mixture
was extracted with ethy] acetate (600 ml). The separated organic layer was washed with 20% aqueous
sodium thiosulfate solution (600 ml) and saturated aqueous sodium chloride solution. The separated
aqueous layer was extracted with ethyl acetate (300 ml, 200 ml) twice. The combined organic layer
was -dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting
20 residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate = 2/1 to 1/1)
to give the titled compound (17.4 g).
'H-NMR (CDCl;) &: 3.77-3.59 (2H, m), 3.71 (3H, s), 3.47-3.36 (1H, m), 2.37-1.76 (7H, m), 1.68-1.50
(3H, m), 1.45 (4H, s), 1.41 (5H, s).
[0253] .
25 (5) Optically-active compound of 2-(3-oxopropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl
ester 2-methyl ester
[Chemical Formula 116]

OH o)

N o ‘ N 0

To a suspension of 2-(3-hydroxypropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
30 methy] ester (17.4 g) and sodium bicarbonate (12.7 g) in chloroform (175 ml) cooled to 0°C was added -
' Dess-Martin periodinane (28.3 g). The reaction mixture was warmed to room temperature and stirred
for 1.5 hours. To the reaction mixture was added additional Dess-Martin periodinane (1.0 g), and the
mixture was stirred for 50 minutes. To the reaction mixture cooled to 0°C was added additional Dess-
Martin periodinane (15 g), and the mixture was stirred for 2 hours. To the mixture were added 20%
35 sodium thiosulfate (250 ml) and saturated aqueous sodium bicarbonate solution (250 ml), and the



, 3.21-3.07 (2H, m), 2.21 (3H s),  2.13-2.05 (1H, n), 2.03-1.81 (3H

, 1.79-1.55 (3H, m.' 51 Racemate 1H NVR (CDC13) 8: 9.34 (1H, br
s), 8.28 (1H, s), 7.00-6.97 (1H m, 75  6.58-6.54 (1H, ), 4.19-3.95
(2H, m, 3.84-3.45 (6H, m, 3.24-3.08

mixture was stirred at room temperature for 20 minutes. The mixture was extracted with chloroform
(200 ml x 2) twice, and the combined organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 4/1 to 3/2) to give the titled compound (5.68 g).
5 'H-NMR (CDCl;) §: 9.78-9.76 (0.5H, m), 9.70-9.68 (0.5H, m), 3.76-3.69 (3.5H, m), 3.61-3.52 (0.5H,
m), 3.44-3.32 (1.0H, m), 2.68-2.40 (3.0H, m), 2.29-2.06 (2.0H, m), 2.03-1.76 (3.0H, m), 1.44 (4.0H, s),
1.41 (5.0H, s).
. [0254] ' .
6) Optically-active compound of 2-(3-benzylaminopropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-
10 butyl ester 2-methyl ester
[Chemical Formula 117]

To a solution of 2-(3-oxopropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl
ester (5.68 g) in tetrahydrofuran (57 ml) was added benzylamine (6.53 ml) at room temperature, and the
15 mixture was stirred for 1 hour. The mixture was cooled to 0°C, and thereto was added sodium
triacetoxyborohydride (5.07 g). The mixture was stirred at room temperature for 12.5 hours. To the
reaction mixture were added water (12 ml) and saturated aqueous ammonium chloride solution (200 ml),
and the mixture was extracted with n-hexane/ethy! acetate (1/2, 210 ml x 2, 120 ml x 2) 4 times. To the
combined organic layer was added n-hexane (150 ml), and the mixture was extracted with 10% aqueous
20 potassium bisulfate solution (180 ml x 3) 3 times. The combined aqueous layer was neutralized by 4M
aqueous sodium hydroxide solution to pH 7 to 8, and thereto was added saturated aqueous sodium
bicarbonate solution (100 ml). The mixture was extracted with ethyl acetate (200 ml). The separated
aqueous layer was extracted with ethyl acetate (200ml x 2) twice, and the combined organic layer was
washed with saturated aqueous sodium chloride solution (200 ml). The organic layer was dried over
25 anhydrous sodium sulfate and concentrated under reduced pressure to give the titled compound (7.69 g).
'H-NMR (CDCl;) &: 7.27-7.35 (5H,m), 3.80 (2H, s), 3.65-3.75 (0.7H, m), 3.69 (3H, s), 3.55-3.65 (0.5H,
m), 3.31-3.45 (1H, m), 2.60-2.71 (2H, m), 2.25-2.35 (0.2H, m), 2.10-2.21 (0.5H, m), 2.04 (1.0H, s),
1.97-2.11 (2.4H, m), 1.74-1.93 (3.0H, m), 1.45-1.65 (1.7H, m), 1.44 (3.5H, s), 1.38 (5.5H, s)
[0255]
30 (N Optically-active compound of 2-(3-benzylaminopropyl)pyrrolidine-2-carboxylic acid methyl
ester :
[Chemical Formula 118]

To a solution of 2-(3-benzylaminopropyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-



(2H, M, -2.28-2.14 (2H, ), 2.07- N \ 1.90 (5H, m), 1.85-1.61 (2H m.
N, 52 Racemate 1H NVR (DVSO-D6) 8: 11.68 (1H, br s), 8.10
(1H, s), 7.16 (1H, dd, J = 3.5, &6 Hz), 6.82 (1H, t, J = 5.6 Hz),
N----- NH 6.59 (1H, dd, J = 3.7, 1.9 Hz), 4.75- O

methyl ester (7.69 g) in chloroform (38 ml) cooled to 0°C was added 4M hydrochloric acid-ethyl
acetate (18 ml), and the mixture was stirred at room temperature for 3 hours. To the mixture was added
additional 4M hydrochloric acidethyl acetate (20 ml), and the mixture was stirred at room temperature
for 50 minutes. The reaction mixture was concentrated under reduced pressure, and then thereto was

5 added saturated aqueous sodium bicarbonate solution (150 ml). The mixture was extracted with
chloroform (100 ml x 2, 75 ml x 2) 4 times. The combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to give the titled compound (7.49 g).
'H-NMR (CDCly) &: 7.35-7.22 (5H, m), 3.77 (2H, s), 3.71 (3H;, s), 3.02-2.92 (2H, m), 2.65-2.58 (2H,
m), 2.21-2.13 (1H, m), 1.92-1.50 (8H, m), 1.43-1.31 (1H, m). '

10 [0256]

(8) Optically-active compound of 7-benzyl-1,7-diazaspiro[4.5]decan-6-one
[Chemical Formula 119]

Y

Ox=

N
N 0
H

O\

A solution of 2-(3-benzylaminopropyl)pyrrolidine-2-carboxylic acid methyl ester (133 mg) in

15 xylene (1.5 ml) was stirred at 130°C overnight. The mixture was cooled to room temperature, and
purified by silica gel column chromatography (eluent: chloroform/methanol = 10/1) to give the titled
compound (90 mg).

'"H-NMR (CDCly) 8: 7.35-7.21 (5H, m), 4.68 (1H, d, J = 14.6 Hz), 4.48 (1H, 4, J = 14.6 Hz), 3.31-3.18
(3H, m), 2.90-2.83 (1H, m), 2.12-2.04 (1H, m), 1.99-1.80 (7H, m), 1.78-1.70 (1H, m).

20 [0257]
) Optically-active compound of 7-benzyl-6-oxo-1,7-diazaspiro[4.5]decane-1-carboxylic acid tert-
butyl ester
[Chemical Formula 120]

Or=

\ _ =©Q:?r°)¢
0 O

25 To a suspension of lithium aluminum hydride (45 mg) in tetrahydrofuran (1.5 ml) cooled to 0°C
was added concentrated sulfuric acid (31 ul), and the mixture was stirred for 50 minutes. To the
mixture was added dropwise a solution of 7-benzyl-1,7-diazaspiro[4.5]decan-6-one (90 mg) in
tetrahydrofuran (0.5 ml) at 0°C, and the mixture was stirred at the same temperature for 40 minutes. To
the reaction mixture were sequentially added water (45 pl), 4M aqueous sodium hydroxide solution (45

30 ul) and water (45 pl), and the mixture was stirred for 30 minutes. To the mixture were added ethyl
acetate and anhydrous magnesium sulfate, and the mixture was filtered through Celite. To the filtrate
was added di-tert-butyl dicarbonate (112 mg) at room temperature, and the mixture was stirred for 100
minutes. The reaction mixture was concentrated under reduced pressure, and purified by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 10/1 to 5/1) to give the titled compound (76

35 mg). .

'H-NMR (DMSO-Dy) &: 7.36-7.28 (4H, m), 7.25-7.20 (1H, m), 3.72-3.67 (2H, m), 3.62 (2H, s), 3.58
(1H, s), 3.56-3.45 (1H, m), 3.31-3.22 (1H, m), 2.55-2.47 (1H, m), 2.17-1.90 (3H, m), 1.83-1.72 (3H, m),



\ 4.67 (1H, m, 4.51-4.45 (1H, M, NI \ -7----N 4.03 (2H, d, J = 5.8

Hz), 3.86-3.81 (1H, nm, 3.44-3.37 (1H m, 3.32- 3.25 (1H, m,
2.97-2.85 (2H, m, H 1.88-1.69 (4H7m), 1.66-1.52 (2H, m,
1.52-1.45 (1H, rr) 93 [Tabl e 1-14 53 Racemate 1H NWR (CDC13) 5:
10301010( (H s), 7.06 (1H d, J =2.8 Hz), 6.60 (1H, d, J

3.0 Hz)154441(6 Iﬁ:"@sl é?LﬁH 1@3(1@|’51(1Hr)m) 92%0611 262 (3H, n), 2.53 (2H, t, J
:67HZ)10228]22208 (1H, r’r), 1.99-1.85 (6H, m N... \ H 54 CH3 Single
di ast er e6rogr OpkddMRadtDWBOp¥Nd Bf 1,1-diaZdspifd[4 F]decane-1-carboxylic acid tert-butyl ester

[Chemical Formula 121]

(jO}—o ‘ . (Q},—o

N o) K—
H

To a solution of 7-benzyl-6-oxo-1,7-diazaspiro[4.5]decane-1-carboxylic acid tert-butyl ester
(76 mg) in tetrahydrofuran/methanol (1 ml/1 ml) was added 20% palladium hydroxide carbon (15 mg),
and the mixture was hydrogenated under 4 atmospheres. The mixture was filtered through Celite under
. nitrogen, and the filtrate was concentrated under reduced pressure to give the titled compound (51 mg).
10 'H-NMR (CDCly) &: 3.57-3.31 (3H, m), 3.00-2.87 (1H, m), 2.78-2.39 (3H, m), 2.17-2.07 (1H, m), 1.93-
- 1.78 (1H, m), 1.76-1.62 (3H, m), 1.53-1.42 (12H, m).
[0259]
(11)  Optically-active compound of 7-(7H-pyrrolo[2.3-d]pyrimidin-4-yl)-1,7-diazaspiro[4.5]decane-
1-carboxylic acid tert-butyl ester
15 [Chemical Formula 122]

Gl N

N N | _ )0
NT o KT NN N
| k\N n

1,7-Diazaspiro[4.5]decane-1-carboxylic acid tert-butyl ester (51 mg) was mixed with 4-chloro-

7TH-pyrrolo[2,3-d]pyrimidine (36 mg), potassium carbonate (59 mg) and water (1 ml), and the mixture
was stirred for 1.5 hours with refluxing. The mixture was cooled to room temperature, and thereto was

20 added water. The mixture was extracted with chloroform. The organic layer was washed with
saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate and concentrated
under reduced pressure. The resulting residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate = 1/1, followed by chloroform/methanol = 20/1) to give the titled
compound (60 mg).

25 'H-NMR (CDCl;) &: 10.58-10.90 (1H,m), 8.30 (1H,br s), 7.07 (1H, br s), 6.48-6.56 (1H, m), 4.66-4.87
(1H, m), 4.52-4.62 (1H, m), 3.82-3.95 (0.6H, m), 3.50-3.75 (1.4H, m), 3.31-3.50 (1H, m), 3.04-3.20
(0.6H, m), 2.85-3.04 (1H, m), 2.58-2.74 (0.4H, m), 1.98-2.14 (1H, m), 1.40-1.90 (6H, m), 1.54 (3.6H, s),
1.48 (5.4H, s)
[0260]

30 (12)  Optically-active compound of 4-(1,7-diazaspiro[4.5]dec-7-yl)—7H-pyrrolo[2.3-d]pyrimidine



(Optically-active br s), 8.:32 (1H, s), 7.49-7.45 (1H, 1),  substance)

6.98-6.93 (1H, n), 4.26-3.78 (5H, m, 3.97 (2,11, s), 3.58-3.23 (2H, m),
N 2.83-2.73 (1H, n), 2.28-2.20 (1H, N34z nm), 2.17-1.96 (2H, n), 1.70-1.49
(Ni----NHJ .(1H m, 1.02 (3H d, J =6.7 HzZ). H 55 Racemate 1H NWVR
(DIVBOD6) 8: 11.70 (111, br s), 8.14 ( s), 7.18 (1H, dd, J = 3.5,

2.3 Hz), LGhegacal Femulpgl23) = 3.5,

OQH

H H
To a solution of 7-(7H-pyrrolo[2.3-d]pyrimidin-4-yl)-1,7-diazaspiro[4.5]decane-1-carboxylic
acid tert-butyl ester (60 mg) in chloroform (1.0 ml) were added 4M hydrochloric acid-ethyl acetate (1.5
5 ml) and 2M hydrochloric acid-methanol (0.5 ml), and the mixture was stirred at room temperature for
2.5 bours. The reaction mixture was concentrated under reduced pressure, and then azeotroped with
toluene. The residue was neutralized by the addition of 4M aqueous sodium hydroxide solution, and
thereto was added saturated aqueous sodium chloride solution. The mixture was extracted with
chloroform. The separated organic solvent was concentrated under reduced pressure to give the titled
10 compound (30 mg).
'H-NMR (CDCl;) &: 9.26 (1H, br s), 8.28 (1H, s), 7.04 (1H, d, J = 3.7 Hz), 6.52 (1H, d, ] = 3.7 Hz),
3.92-3.86 (2H, m), 3.81 (1H, d, J = 13.0 Hz), 3.72 (1H, d, J = 13.0 Hz), 3.10-3.00 (2H, m), 1.94-1.80
(3H, m), 1.78-1.70 (5H, m), 1.55-1.47 (1H, m).
[0261] _
15 (13)  Optically-active compound of 3-o0x0-3-[7-(7H-pyrrolo[2.3-d]pyrimidin-4-yl)-1,7-
diazaspiro[4.5]dec-1-yl)propionitrile '
[Chemical Formula 124]

Y
Z

N

N + ‘</N\ ' O>\N
’ ’
N ' N N
H H
4-(1,7-Diazaspiro[4.5]dec-7-yl)-7H-pyrrolo[2.3-d]pyrimidine (30 mg) was mixed with I-
20 cyanoacetyl-3,5-dimethylpyrazole (38 mg), N,N-diisopropylethylamine (42 pl) and 1,4-dioxane (1 ml),
and the mixture was stirred at 110°C for 75 minutes. The mixture was cooled to room temperature, and
then thereto was added saturated aqueous sodium bicarbonate solution. The mixture was extracted with
ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by silica gel column chromatography (eluent:
25 chloroform/ethyl acetate = 1/2, followed by chloroform/methanol = 25/1 to 20/1) to give the titled
compound (32 mg).
'H-NMR (DMSO-Dy) &: 11.69 (1H, br s), 8.09 (1H, s), 7.19-7.15 (1H, m), 6.59-6.55 (1H, m), 4.74-4.66
(1H, m), 4.55-4.47 (1H, m), 3.95 (2H, s), 3.86-3.78 (1H, m), 3.57-3.48 (1H, m), 3.45-3.37 (1H, m),
2.99-2.82 (2H, m), 1.89-1.68 (4H, m), 1.66-1.56 (2H, m), 1.55-1.47 (1H, m)
30 [a]D =+185.58° (25°C, ¢ = 1.04, methanol)
: [0262]
[Preparation 8]
An optical active compound of 3-[3-methyl-6-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1,6-
diazaspiro[3.4]oct-1-yl]-3-oxopropionitrile (Compound 6) was treated according to a conventional
35 method to give 1 hydrate thereof.

Iz
O




1.9 Hz), 4.22-4.01 (5H, m), 3.96-3.82 \\ (1H m), 3.72-3.60 (2H m),
2.86- NN\ 2.77 (1H m,
56 Racemate 1H NMR (DMBO-DB) 5: 11.%7 (111, br s), 8.11 (1H s),
(1H, dd, J =- 3.5, 2.6 Hz), 6.61 (1H, dd, J = 3.7, 1.9 Hz),

H

7.17

4.90-4. 84 (NlH nl/{ 4.63-4.56 (81H, M, 4.06 (1H, d, J = 19.0 Hz), r..
O1 z .- H-NMR (DMSO-Dy)&: 11.60 (1H, br s), 8.08 (1H, 5), 7.11 (1H, s), 6.58 (1H, 5), 4.16 (1H, dd, )= 8.2,

8.2 Hz), 4.11-3.61 (6H, m), 3.57 (1H, dd, J = 7.65, 6.26 Hz), 2.70-2.57 (2H, m), 2.24-2.10 (1H, m),
1.11 (3H,d,J=6.9 Hz).
[0263] The following Tables 1 to 3 show structural formulae and 'H-NMR spectral data of Compounds
5 1 to 95 prepared according to the above Preparations. 'H-NMR spectra are measured in CDCl; or
DMSO-d¢ by using tetramethylsilane as an internal standard, and all & values are shown in ppm. Unless
otherwise specified, a 400MHz NMR spectroscopy was used for measurement.
Symbols in Table have the following meanings.
s: singlet '
10 d: doublet
t: triplet
g: quartet
dd: double doublet
ddd: double double doublet
15 brs: broad singlet
m; multiplet _
J: coupling constant

2.72-2.51 (2H, m), [/ 2.41-2.30 (1H m. NN



3.99 (111, d, J
3.49 (1H, m,

m, 2.00-1.90 (2H, m, 1.85-1.72 (1H80M . 94 [Table 1-15 57 \W\\ N
Racemate 1H NWR (DMSO-D6) 8: 11.59 (1H, br s), 8.08 (1H, s), 7.13-7.10
(1H, m, 5 (1H, dd, J =3.2, 1.6 Hz), 4.33- 4.28 (1H, m, 4.08 (2H, s),
3.97-3.5%2@? ,..m, 3.48-3.29 (2H, m, 2.61- 2.53 (1H, m, 2.30-2.06 (1H,
m, 1.82le0%2 e oy N_kNe o ELN 58 NNN--- ) NNHQ\ L\ NH
No. Structural Formula Comments NMR Data
(Optically-active s), 8.12 (1H, s), 7.20 (1H, dd, J = 3.5,
substance) 2.4 Hz), 6.65 (1H, dd, J= 3.6, 1.9 Hz),
N 4.93-4.88 (1H, m), 4.64-4.58 (1H, m),
4.24-4,18 (1H, m), 3.67 (2H, s), 3.61
N ) \ (1H, d,J = 12.8 Hz), 3.46-3.41 (1H, m),
O \\ 3.03-2.95 (1H, m), 2.42-2.35 (1H, m),
N7 X \ N 2.34-2.25 (1H, m), 2.15-2.08 (1H, m),
ﬂ\ 1.83-1.77 (1H, m), 1.57-1.43 (1H, m),
N/ N 1.01 (3H,d,J=7.1 Hz).

2 CH,4 Compound 2 1H-NMR (DMSO-D6) 8: 11.70 (1H, br
(Optically-active s), 8.14 (1H, s), 7.19 (1H, dd, J = 3.5,
substance) 2.4 Hz), 6.64 (1H, dd, J = 3.6, 1.9 Hz),

N : 5.03-4.96 (1H, m), 4.66-4.59 (1H, m),
> 4.114.06 (1H, m), 3.70 (1H,d, T =18.7
Hz), 3.65 (1H, d, ] = 18.7 Hz), 3.60-
O \\ 3.55(1H, m), 3.45 (1H, d, ] = 13.0 Hz),
N7 A\ N 2.97-2.89 (1H, m), 2.46-2.41 (1H, m),
l _ 2.40-2.34 (1H, m), 2.00-1.94 (1H, m),
N N 1.88-1.80 (1H, m), 1.64-1.51 (1H, m),
H 0.91 (3H, d,J = 7.1 Ha).
3 Compound 3 1H-NMR (DMSO-D6) é: 11.73 (1H, br
I\/jDN, _ (Optically-active s), 8.13 (1H, s), 7.22-7.18 (1H, m),
_ substance) 6.67-6.63 (1H, m), 4.96 (1H,d, I =12.6
N ) \ Hz), 4.68-4.60 (1H, m), 4.11-4.03 (1H,
0 \\ m), 4.01-3.93 (1H, m), 3.71 (2H, s),
N~ N\ N 3.53 (1H, d,J = 12.6 Hz), 2.98-2.88
Ik _ (1H, m), 2.40-2.30 (1H, m), 2.03-1.90
N N (3H, m), 1.83-1.75 (1H, m), 1.59-1.45
H (1H, m).
4 F Compound 4 1H-NMR (DMSO-D6) 6: 11.68 (1H, br
F——| (Optically-active s), 8.11 (1H, s), 7.17-7.14 (1H, m), 6.58
N substance) (1H, dd, J=3.3, 1.8 Hz), 4.66-4.58 (2H,
4— »/\ m), 4.24-4.13 (2H, m), 4.12-4.02 (1H,
N 0 AN m), 3.89-3.78 (3H, m), 2.68-2.58 (1H,

= 19.0 Hz),

3.94-3.88
3.16-3.08 (1H m,

(1H m, 3.67-3.60 (111, n), 3.56-
2.81-2.71 (1H, m,

2.48-2.37 (2H,

m), 2.56-2.45 (1H, m).




Racemate 1H NVR (DVSO-D6) 8: 11.67 (1H, br s), 8.10 (1H, s), 7.16 (1H dd,
J=23.5 2.6 H), 6.56 (1H dd, J = 3.6, 1.7 Hz), 6.46 (1H t, J = 5.6 Hz),
4.74-4.67 (1H, m), 4.45 (1H, d, J = 12.%;Hz), 3.87 (1H, d, J = 12.8 Hz),
3.43-3.36 (1H, n). 3.30-3.24 (3H n). 2.96-2.87 (2H, m, 2.66 (2H t, J =
6.6 Hz), 187168(4H m, 1.65- 1.51 (2H, m, 1.49-1.42 (1H, m. 59 N
| LN- - - - N(Tabledddvmt e of Conpound 1H- NVR (DVBO-D6) 8: 11.71 (1H. br s).
8.13 (1H, §),[7.20 (1A, dd, J = BCoHMpNdSHz), B.IEANYMRHDMARN-DY) & 13.76(1H, b9
Hz), 4.96 (1H d, W @FcalysBtigel H, | 9) 8.1%3(1HLe)47.0247 (4 HH, m)),
4.00-3.93 (1H m bBBELH, d, [16.65-6.82 61Hn)), 5. 13-987 PLEDG)( 1H,
m, 2.39-2.31| (1R B (3H, m), 1.8p4.689-#36 (3HHm)m.83 AH8-TE BR
(1H, m 0 B N N k N N o )\Hz)\ N7N(IH, 8 Jrgl %2 Hemrdber eornyer
(Optically-active nce)\ 1H NVR (DVBO- D6) PB3-53WUHe™h),(2199-2.9r (18]) m),8.392
(1H, s)| 7.16| (1 \D. P-6 Hz), 6.61 [28f(Idim)226-B197(1HIm 1198) ,
4.60 (1M d, p =p13. 4.38-%.30 (1H, m), BL9B(IHIH), Ih3-U48(1HSmME Hz),
3.92 (1H, d, p =9 3.75 1H, d, J = 13| 2 Hz), 3.54-3.47 (1H m,
3.46-3.85 (14 m,N3. 3.20 (1H, , 254246(1H m, 2.18-2.07 (2H, .,
m, 2.0 T 92[ (IR, L.87-1. 76 éfli'lyoumlG T. 66} m:wmwmamﬂﬁ rme(mfbk H,
m, 0.82 (3H|d, J\Q_i 0 Hz). 95(dp1 Cg,ve16 b, goﬁqgegay £ (1 {£DC13)
8: 10.99-10.50 (1H, WB 8.31 (1H g$dtancé) O 017{4;.1125 6%k %14 HZ)J
3.0 HZ) 4.63F 4 ;- 3.8¢-3.44 (4H IT),4 4(@.*" SQ@Q D) Eﬂ{gm}
(0.7H, ¥, 3.p0-&. 8 3H, @ P.16-1. 71 (5H, | k4.3 73 (1 ﬂéqjﬁ(l}led\Jg-igo 62
N" "0 Hz),3.66 (1H, d, ] = 18.7 Hz), 3.58 -
NEEN (1H, dd, J = 8.2, 6.0 Hz), 2.70-2.58 (2H,
| N m), 2.24-2.12 (1H, m), 1.12 3H, d,J =
k Z~N 7.1 Hz).
N H
7 Compound 7 1H-NMR (DMSO-D6) &: 11.69 (1H, br
(Optically-active s), 8.09 (1H, s), 7.19-7.15 (1H, m),
N substance) 6.59-6.55 (1H, m), 4.74-4.66 (1H, m),
: )——\ 4.55-4.47 (1H, m), 3.95 (2H, s), 3.86-
N 0 \ 3.78 (1H, m), 3.57-3.48 (1H, m), 3.45-
N 3.37 (1H, m), 2.99-2.82 (2H, m), 1.89-
N™ R\ 1.68 (4H, m), 1.66-1.56 (2H, m), 1.55-
'k Z 1.47 (1H, m).
N N
H
8 Racemate 1H-NMR (DMSO-D6) 5: 11.66-11.52
N CH, (1.0H, m), 8.28 (0.1H, s), 8.10 (0.3H, s),
N 8.08-8.05 (0.6H, m), 7.15-7.06 (1.0H,
N m), 6.63-6.51 (1.0H, m), 4.49-4.16
Y (0.5H, m), 4.06-3.74 (2.0H, m), 3.66-
< 2.72 (9.5H, m), 2.44-2.32 (0.5H, m),
k \N 2.15-1.65 (6.5H, m).




Racemate 1H NVR (DVSO-D6) 8: 11.56(1H, br s), 8.07 (1H, s),
J=23.2 2.6 H), 6.92 (1H, t, J = 5.7 Hz) 6.55 (1H, dd, J = 3.2, 1.9 Hz),
4.37- 4.12 (1H, m), 4.05-3.93 (1H m, 2 (2H d, J = 5.6 Hz), 3.79-3.49
(2H, m, 3.40-3.27 (2H .m, 3.07- 2.94 (81 , 1.98-1.83 (4H m,
1.76-1.67 éﬁ:lLH m. NHN'..\ /NNH 63 CHS Racemate  1H NMR (CDC13) 8:
9.13 (1HT ] 8.29 (1H, s), 7.00-6.97 (1H, n), 6.58-6.54 (1H, ),
4.18-4.09 61H| m), 4F 06-3.93 (2H EmntiotheB8E 3. 72 1H(NMR (DMSBD6: 31.64.(1(] bt
m, 3.59- 3.53 (2H:—q=)-, 3 22- 9C(0fhbbun?ﬂ)4, 2. 98 s, 8H) (19), 5), 2.107-15.(98, 56158 N
1.87- 1/69 (1H, --N|O N.' -\ N'-N|KiH, dda4 3.3\1. NHBagesate (21,
1H NMR (CDC13 rr), 8.32 (1H, |®),4.24 9 HIm)S)13-4017@H, 7.

7.09 (1H, dd,

),

70
55

- 3.57-

(2H, m | 7.58-
(1H, m | 4.27
3.40 (3H
it N\ Ki N H
(1H, br|s) 8

17.00 (1H, m,
-3.81 (1H, m,
m, 2.12-2.0
65 . Race
PH, d, J = 8.3

n) 638(1 H7d,0 HH,9.0181z), ASC/AH4.
3, 7919.8H7Z22 638,58 M H, m),

2(5643,45m) K, ). 98- 1. 85 (3H, n
te 1H NWVR (CDC13) 8: 9. 44
Hz) . 7.58 (2H, d, J = 8.1

.

Hz), 7.02 {01H
4.75-4.%2 (1H
3.53- 3[41 (3

REH N

ddCH]3—36 2.2
m, > F20-4.17 (1
N?2215(

N

l/N
H

HENanti®mEOof 1H,
Cajnpogid®7- 3. 8
H m), 2.11-2.(

H
1

dH;NNMR<DBISD-DE).® 1 HA) (1H, br
p s, 88 (1, 5), 3.1T8HB dd.3 { LY,
)3.5(HzH,6.58)(1H]1ddQ T = 3.437.6 Bi),
4.18-4.14 (1H, m), 4.09-3.93 (3H, m),
3.86-3.74 (1H, m), 3.71 (1H, d,J = 18.7
Hz), 3.66.(1H, d, J = 19.0 Hz), 3.58
(1H, dd, ] = 8.2, 6.0 Hz), 2.69-2.58 (2H,
m), 2.24-2.12 (1H, m), 1.12 (3H, d, T =
7.1 Hz).

n
m .

= =

11

CHj

Enantiomer of
Compound 2

1H-NMR (DMSO-D6) 6: 11.70 (1H, br
s), 8.14 (1H, s), 7.19 (1H, dd, J = 3.5,
2.4 Hz), 6.64 (1H, dd, J = 3.7, 2.0 Hz),
5.02-4.97 (1H, m), 4.66-4.59 (1H, m),
4.11-4.06 (1H, m), 3.70 (1H, d,J = 18.7
Hz), 3.65 (1H, d, ] = 19.0 Hz), 3.60-
3.56 (1H, m), 3.45 (1H, d, J = 13.0 Hz),
2.98-2.89 (1H, m), 2.46-2.41 (1H, m),
2.39-2.34 (1H, m), 2.00-1.94 (1H, m),
1.87-1.81 (1H, m), 1.64-1.51 (1H, m),
091 3H,d,J =7.1 Hz).

12

Enantiomer of
Compound 1

1H-NMR (DMSO-D6) §: 11.71 (1H, br
s), 8.13 (1H, 5), 7.20 (1H, dd, J = 3.5,
2.4 Hz), 6.65 (1H, dd, ] = 3.5, 1.8 Hz),
4.93-4.88 (1H, m), 4.64-4.58 (1H, m),
4.24-4.18 (1H, m), 3.68 (2H, s), 3.61
(1H, d, ] =12.8 Hz), 3.45-3.41 (1H, m),
13.04-2.95 (1H, m), 2.42-2.35 (1H, m),
2.34-2.25 (1H, m), 2.15-2.08 (1H, m),
1.85-1.76 (1H, m), 1.57-1.43 (1H, m),

1.01 3H, d,J =7.1 Hz).




M kN--NH 66 CH3 Single diastereoner (Optically-active substance)
1H NVR (DVBO-D6) 8: 11.60 (1H, br s), 8.08 (1H, s), 7.11 (1H, dd, J = 3.5,
2.6 Hz), 6.58 (1H, dd, J = 3.5, 1.9 Hz),g3.99 (1H, d, J = 19.0 Hz),
3.98-3.78 (4H, m, 3.92 (1H, d, J = 19.2 Hz), 3.54-3.47 (1H, m, 3.44-3.38
(1H, m, 3.05-2.95 (1H n), 2.21-2.11 (1H, m), 1.98-1.87 (2H, n), 1.63-1.52
(1H, m) , [Tebdel4lRH d. J = 6.7 Hz). (NN21.. N--"N\ H 67 N4\ H
Racemat ¢ , . 5Bigstekonter of5) , | SHIEMRIMBMS0)-D6Y5:08.56 LHY, beld,
J =3.2 @pmpdur@344. 16/ 1807 (), sy 700738 9B, (dH, N,
3.72-3. (Opticaldy-2&6iv8. 2] 6.6246,4610)H, n3), 84 (12, §5 { d.H,
m, ) substance) Hz), 465898 (1H,.1043.92 84, ()4 H,
m, 1. 58  NH \ - - CH3| 8.8N3H4 RHE emad.61-3 2k MYR),

( DVBO- (1H, s), 7.08}2.8H2.58d1H,dn)=2.304,13 2L nhiz) ,
6. 55- 6. J = 5.6 Hz), 4|3%74.9051H 1), 1.89-1.74 (M a3, 90
(1H, m| 3

3.09- 3.

1.46- 1

2.6
7
Dy

t
3.54-3.49 (1H m|1368H,3, D866 1),
(2H] M), 1.93-1.8p (4H m), 1.68-1.62 (1H 1),

Lo Y4 1 — 7 A4 L=\ le Nl
" CHy " ' | Diasteréomer 6f © | 1H-NMR (DMSO-D6) &: 11.71 (1H, br
Compound 20 5), 8.13-8.09 (1H, m), 7.21-7.16 (1H,
N (Racemate) _ m), 6.67-6.63 (1H, m), 4.91-4.84 (1H,
‘”/\ . -m), 4.69-4.61 (1H, m), 4.51-4.44 (1H,
N o AN m), 3.77 (1H, d, J = 18.6 Hz), 3.69 (1H,

d,J=18.6 Hz), 3.65(1H, d,J =15.3

N Hz), 2.94-2.85 (1H, m), 2.38-2.29 (1H,
L \ m), 2:22-2.16 (1H, m), 1.97-1.91 (1H,
H _

m), 1.79-1.71 (1H, m), 1.58-1.48 (2H,
m), 1.34 (3H, d, J = 6.3 Hz).

15 CHj, Racemate of 1H-NMR (CDCI13) 6: 9.35 (1H, br s),
Compound 1 8.30(1H,s), 7.07 (1H,dd,J=3.6,2.3
N Hz), 6.53 (1H, dd, J = 3.6, 1.9 Hz),
)]/\ 5.09-5.03 (1H, m), 4.65-4.59 (1H, m),
N ol \\N 4.35-4.30 (1H, m), 3.81-3.76 (1H, m),
_ 3.60-3.55 (1H, m), 3.21-3.13 (1H, m),
NTY N 3.21 (2H, s), 2.74-2.65 (1H, m), 2.59-
l P ~12.49 (1H, m), 2.23-2.17 (1H, m), 1.93-
N" N 1.86 (1H, m), 1.72-1.60 (1H, m), 1.13
(3H, d, ] = 7.1 H).
16 CH; Single diastereomer | 1H-NMR (DMSO-D6) &: 11.73 (1H, br
N (Racemate) s), 8.12 (1H, s), 7.22-7.19 (1H, m),
)/\\ : 6.65-6.62 (1H, m), 4.99-4.92 (1H, m),
N o N\ 4.64-4.57 (1H, m), 4.09-4.01 (1H, m),
NN 4.00-3.92 (1H, m), 3.69 (2H, s), 3.49-
» 3.44 (1H, m), 2.60-2.52 (1H, m), 2.08-
NTTN 1.90 (4H, m), 1.75-1.65 (1H, m), 0.98

(3H, d, ] = 6.5 Hz).




97 [Table 1-18 " 0 R acemate 1H NVR (DVBO-D6) 8: 11.58 (1H, br s), 8.06
(1H, s), 7.10-7.07 (1H, nm),6.55-6.49 (1H, m, 4.39-4.10 (1H, m,
4.04-3.92 (1H m, 3.83-3.62 0 CH3 (1H4 m, 3.62-3.49 (3H m, 3.56 N

(3H, s), 3.07-2.91 (1H, rr) 2.60-2.53 kNr.:"---N (2H, m, 2.51-2.45 (2H,
H 1.93 (2H, , 1.91-1.82 (2H, n') 1.75-1.65 (1H, m. 70
Racenmat el (CDC13) 8 10.81 (1H. br . 8.29 (1H, s), 7.02 (1H, d,
o tz), (1H, d, J|Ra&nftdz), 4. G4 H-NMR (DMSO-D6)S5: 11.61 (1H, br.
%I s), 8.08 (1H, s), 7.12 (1H, dd, J = 3.3,
2.4 Hz), 6.57 (1H, dd, J = 3.5, 1.8 Hz),
4.29-4.20 (1H, m), 4.08-3.74 (5H, m),
3.70 (2H, s), 2.69-2.58 (1H, m), 2.43-
N\ 2.36 (1H, m), 2.35-2.27 (1H, m), 2.23-
L _ \ 2.14 (1H, m).
NTOH
18 Single diastereomer | 1H-NMR (CDC13) &: 10.33 (1H, br s),
N .| (Racemate) 8.31 (1H, s), 7.09 (1H, dd, ] = 3.5, 2.0
7;’\\- Hz), 6.53-6.49 (1H, m), 5.08-4.99 (1H,
CH; 'N o} N m), 4.97-4.88 (1H, m), 4.294.21 (1H,
' m), 4.18-4.11 (1H, m), 3.88-3.81 (1H,
N\ m), 3.25 (2H, 5), 2.88-2.79 (1H, m),
U _ N 2.44-2.36 (1H, m), 2.10-2.02 (1H, m),
N™ 3 1.92-1.79 (2H, m), 1.78-1.71 (1H, m),
1.42 (3H,d,J =7.1 Hz).
19 CHj Diastereomer of IH-NMR (DMSO-Dé6) 6: 11.57 (1H, br
Compound 6 s), 8.07 (1H, s), 7.11 (1H, dd, J = 3.6,
N (Racemate) 2.4 Hz), 6.57 (1H,dd,J = 3.4, 1.8 H2),
‘7//\ 4.31-4.22 (1H, m), 4.184.13 (1H, m),
N \\N 4.09-3.94 (1H, m), 3.91-3.73 (2H, m),
3.67 (2H, s), 3.59-3.53 (1H, m), 2.80-
N\ 2.71 (1H, m), 2.45-2.36 (1H, m), 2.30-
l P 2.19 (1H, m), 1.15 (3H, d, J = 6.9 Hz).
N N
H
20 CH,4 Diastereomer of 1H-NMR (CDCIl3) &: 9.04 (1H, br s),
Compound 14 8.32 (1H, s), 7.09-7.06 (1H, m), 6.56-
N (Racemate) 6.53 (1H, m), 5.10-5.05 (1H, m), 4.72-
4.66 (1H, m), 4.53-4.47 (1H, m), 3.78-
N 4 3.73 (1H, m), 3.30 (1H, d, ] = 17.2 Hz),
W 3.25 (1H, d, ] = 17.6 Hz), 3.12-3.04
N7 N\ N (1H, m), 2.77-2.69 (1H, m), 2.23-2.17
[ _ (1H, m), 1.95-1.85 (3H, m), 1.59 (4H, d,
N l’jll J=6.3 Hz).




4.18-4.07 0 CH3

(2H, s), 4.55-4.39 (1H, ), (111, n), 3.85-3.74 (1H, 1),
3.72- N | 3.64 (1H, 1), 3.59-3.48 (2H, n), 3.37-3.26 (1H, m), 2.19 (3H,
s), 2.14- H 1.91 (4H n), 1.83-1.72 (1#4 n). 71 Racemate 1H NMR
(DVBO-D6) 8: 11.58 (1H, br s), 827 (2H d, J = 9.0 Hz), 8.07 (1H,
s), 746&{_205{1% J=9.3 Ho), 7.12-7.09 (1H n), 6.60-6.57 (1H, n
4. 29-4. Tul A ’C 05—3-95—N "\?\‘emal\lfH’ it Q 7Q ¥ FR?S‘éAD?T@n?IQQZ o

1 ] Ehr 6
N 242 {1H] mCR315-2.03 (2H g@?npouqa?é 1.97 s) 807 IH,5), 711 (IH, dd, ] = 3.2,

2.6 Hz), 6.57 (1H, dd, ] = 3.4, 1.7 Hz),
4.18-4.12 (1H, m), 4.08-3.92 (3H, m),
3.84-3.72 (1H, m), 3.70 (1H, d, J = 18.8
Hz), 3.65 (1H, d, ] = 18.8 Hz), 3.59-
3.54 (1H, m), 2.68-2.58 (2H, m), 2.22-
2.11 (1H, m), 1:11 (3H, d,J = 7.2 Hz).

22

Enantiomer of
Compound 7

1H-NMR (DMSO-D6) &: 11.69 (1H, br
s), 8.09 (1H,'s), 7.17 (1H, dd, J = 3.5,
2.6 Hz), 6.57 (1H, dd, J = 3.5, 1.9 Hz),
4.73-4.66 (1H, m), 4.55-4.48 (1H, m),
3.95 (2H, s), 3.85-3.78 (1H, m), 3.56-
3.49 (1H, m), 3.45-3.37 (1H, m), 2.98-
2.82 (2H, m), 1.89-1.69 (4H, m), 1.65-
1.56 (2H, m), 1.55-1.48 (1H, m).

23

Racemate of

| Compound 2

1H-NMR (DMSO-D6) 8: 11.70 (1H, br
s), 8.14 (1H, s), 7.18 (1H, dd, J = 3.7,
2.6 Hz), 6.64 (1H, dd, J = 3.7, 1.9 Hz),
5.02-4.96 (1H, m), 4.65-4.59 (1H, m),
4.11-4.05 (1H, m), 3.70 (1H,d, J = 18.8
Hz), 3.65 (1H, d, J = 18.8 Hz), 3.59-
3.54 (1H, m), 3.46-3.42 (1H, m), 2.97-
2.88 (1H, m), 2.47-2.33 (2H, m), 2.00-
1.93 (1H, m), 1.87-1.79 (1H, m), 1.63-
1.50 (1H, m), 0.90 (3H, d, J = 7.2 Hz).

24

Single diastereomer
(Racemate)

IH-NMR (DMSO-D6) 8: 11.59 (1H, br
s), 8.09 (1H, s), 7.12 (14, dd, T = 3.2,
2.6 Hz), 6.52 (1H, dd, J = 3.5, 1.9 Hz),
4.45 (1H, q, 1 = 6.4 Hz), 4.08-3.99 (3H,
m), 3.81(1H, d, J = 18.8 Hz), 3.81-3.71
(1H, m), 3.75 (1H, d, J = 18.8 Hz), 3.01-
2.92 (1H, m), 2.31-2.24 (1H, m), 2.20-
2.12 (1H, m), 2.09-2.01 (1H, m), 1.33
(3H, d,J = 6.3 Hz).




1H NVR (DVBO-D6) 5: 11.57 (1H,

07 (1H, s), 7.10-7.08 (1H, n),

br s), 8.

- 6.56-6.52 (1H, m), 4.46 (1H t, = 5.6 4.39-4.21 (1H m 4.06-3.96
OH (3H m, 3.74-3.55 (2H, m, 3.45- ¢g3.39 (2H, m), 3.09-2.97 (1H m,
N\ 1.97-1.92 (2H, n), 1.90-1.84 (2H, kN m, 1.78-1.71 (1H, m. H
98 [Table_1- 19; 73 Racemate 1H NWVR (DMSO-D6) 8: 11.58 (1H, br s), 8.06
(1H, s), Fablol-thy dd_ 31 =3 4 4 Hz), 657 (1H, dd, J = 3.5,

25 Enantiomer of 1H-NMR (DMSO-D6) 5: 11.72 (1H, br
(jDN/ Compound 3 s), 8.13 (1H, 5), 7.20 (1H, dd, J = 3.5,
2.6 Hz), 6.64 (1H, dd, ] = 3.6, 1.9 Hz),
N 4.96 (1H, d, J = 12.6 Hz), 4.68-4.59
O N (1H, m), 4.11-4.04 (1H, m), 4.00-3.93
NS N (1H, m), 3.71 (2H, s), 3.53 (1H,d, J =
\ l 12.6 Hz), 2.98-2.90 (1H, m), 2.39-2.30
NZ N (1H, m), 2.01-1.93 (3H, m), 1.82-1.75
H (1H, m), 1.59-1.46 (1H, m).
26 F Racemate of 1H-NMR (DMSO-D6) &: 11.67 (1H, br
F— _ Compound 4 s), 8.11 (1H, s), 7.16 (1H, dd, J = 3.3,
_,L 2.4 Hz), 6.58 (1H, dd, J = 3.5, 2.0 Hz),
5_ 4.654.57 (2H, m), 4.23-4.14 (2H, m),
N CZ/'/\\\ 4.12-4.01 (1H, m), 3.89-3.78 (1H, m),
N 3.85(1H, d, ] = 19.2 Hz), 3.79 (1H, d, J
N)m : =19.0 Hz), 2.66-2.58 (1H, m), 2.56-
m 2.46 (1H, m). :
Z~N
NTN
27 F Enantiomer of 1H-NMR (DMSO-D6) é: 11.74 (1H, br
F Compound 5 §), 8.15(1H, s), 7.22-7.19 (1H, m),
6.65-6.62 (1H, m), 5.13-5.07 (1H, m),
N 4.704.46 (3H, m), 3.83 (1H, d, J = 18.8
N )—\ Hz), 3.77 (1H, d, J = 19.0 Hz), 3.61-
0\ 3.54 (1H, m), 2.99-2.90 (1H, m), 2.39-
N7 N 2.29 (1H, m), 2.26-2.19 (1H, m), 1.99-
l _ 1.90 (1H, m), 1.64-1.48 (1H, m).
N~ N '
H
28 cH. CH Racemate 1H-NMR (DMSO-D6) &: 11.70 (1H, br
3 s), 8.15 (1H, s), 7.19 (1H, dd, T = 3.6,
2.5 Hz), 6.65 (1H, dd, J = 3.6, 1.9 Hz),
N . 5.11-5.03 (1H, m), 4.60-4.52 (1H, m),
3.78 (1H, d, ] = 7.9 Hz), 3.70 (1H, d, ] =
N _ 18.7 Hz), 3.65 (1H, d, ] = 18.7 Hz), 3.52
O \ (1H, d, ] = 7.9 Hz), 3.50-3.46 (1H, m),
NT S\ N 3.07-2.99 (1H, m), 2.34-2.25 (1H, m),
l P 2.23-2.18 (1H, m), 1.91-1.83 (1H, m),
- >N °N 1.57-1.44 (1H, m), 1.23 (3H, s), 0.99
H GH, s).




wog e
o

Hz
2 (
1.
8.
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2H
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0
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2.0

4.30-4.09 (1H m,
1n21i9 (4H, ).
(1H, s),

Hz)
{Table 1-8]

H

2.97-2.84 (1H,

m,

4.04-3.94

N\

(1H,
2.07-1.92 (4H,

m,

3.92-3.82 (2H,

m,

m,

3.77-

1.85-1.76 (1H,

74 Racemat g71H NVR (DMSO-DB) 8: 11.63 (1H,

7.15 (1H, dd, J = 3.5,

4.53 (1H, d, J = 13.2 Hz),

2.6 Hz),
4.38-

z /

6.64 (1H, dd, J =

29

Racemate

1H-NMR (CDCI3) &: 9.43 (1H, br s),
8.28 (1H, s), 7.04 (1H, dd, J = 3.5, 2.1
Hz), 6.52 (1H, dd, J = 3.6, 1.5 Hz),
5.99-5.89 (1H, m), 5.33-5.27 (1H, m),
5.23-5.18 (1H, m), 4.75-4.68 (1H, m),
4.62-4.55 (1H, m), 4.14-4.08 (1H, m),
4.05-4.01 (2H, m), 3.81-3.76 (2H, m),
3.68-3.61 (1H, m), 3.56-3.48 (1H, m),
3.21-3.11 (2H, m), 2.66-2.54 (2H, m),
2.12-2.04 (1H, m), 1.95-1.85 (2H, m),
1.83-1.65 (3H, m), 1.58-1.51 (1H, m).

30

Enantiomer of
Compound 36.
Configuration of a-
carbon of carbonyl
is S (derived from
reagents).

1H-NMR (CDCI13) 8: 9.54 (1H, br s),
8.29 (1H,s), 7.06 (1H,dd,J=3.6, 1.7
Hz), 6.54-6.50 (1H, m), 4.71-4.64 (2H,
m), 4.30-4.23 (1H, m), 4.06-4.00 (1H,
m), 3.74 (1H, br s), 3.57-3.51 (2H, m),
3.29-3.21 (1H, m), 3.19-3.10 (1H, m),
2.11-2.04 (1H, m), 1.98-1.72 (5H, m),
1.62-1.56 (1H, m), 1.38 (3H, d,J=6.5
Hz).

31

Racemate

IH-NMR (DMSO-D6) &: 11.79 (1H, br
s), 8.15 (1H, 5), 7.23 (1H, dd, T = 3.5,
2.6 Hz), 6.66 (1H, dd, J = 3.5, 1.9 Hz),
4.83-4.76 (1H, m), 4.734.61 (2H, m),
4.11 (1H, d,J = 19.0 Hz), 4.00 (14, d, J
=19.2 Hz), 3.64-3.50 (2H, m), 3.28-
3.18 (1H, m), 2.35-2.26 (2H, m), 2.11-
2.02 (1H, m), 1.93-1.83 (1H, m), 1.79-
1.71 (2H, m).

32

Racemate

1H-NMR (DMSO-D6) 6: 11.73 (1H, s),
8.13 (1H, ), 7.19-7.16 (1H, m), 6.64-
6.60 (1H, m), 4.52-3.96 (4H, m), 4.14
(1H,d, J = 19.0 Hz), 4.00 (1H, d, ] =
19.2 Hz), 3.61-3.54 (2H, m), 2.46-2.42
(1H, m), 2.11-2.01 (1H, m), 1.99-1.91
(1H, m), 1.87-1.76 (1H, m).




4.29 (1H, 1), 4.18 (1H, d, J = 13.0  Hz), 4.02 (2H, s), 3.35-3.31 (3H,

m, 2.63-2.55 (1H, m, 1.88-1.77 (2H, m, 1.74-1.50 (6H, m,
1.47-1. 34 (3H, r’r) . 75 Racemate 1H N§R (DVSO- D6) 8: 11.59 (1H, br
s), 808 (1H, s), 7.13 (1H, dd, J = 3.5, 2.6 Hz), 6.57 (1H, dd, J =
3.6, 3%7HZ) 390383 (lH m, 3.70-3.62 c¢ z-i I (1H m, 3.69
(1H, d, OfadledPlg” ) 353 (1H d_J =12 8 Hz) 2 R7-2 /7
: Diastereomer of TH-NMR (DMSO-D6) &: 11.60 (1H,
Compound 42 brs), 8.10 (1H, s), 7.13-7.11 (1H, m),
(Optically-active 6.45-6.43 (1H, m), 4.44-4.31 (2H,
substance) m), 4.00 (2H, s), 3.68-3.59 (1H, m),
CH3 ' 3.52-3.39 (2H, m), 2.87-2.80 (1H,
A m), 1.99-1.90 (1H, m), 1.83-1.73
|\\ _ : _ (4H, m), 1.36 (3H, d, ] = 6.0 Hz).
N
H . .
34 _ Diastereomer of lH-NMR (DMSO-D6) a: 11.59 (1H,
— Compound 13 brs), 8.08 (1H, s), 7.13-7.10 (1H, m),
N—'< (Optically-active 6.57-6.52 (1H, m), 4.24-4.16 (1H,
9] substance) m), 4.08 (1H, d, ] = 19.0 Hz), 4.00
N CH, (1H, d, }=19.0 Hz), 3.79-3.67 (2H,
' m), 3.59-3.53 (1H, m), 3.52-3.44
N“ N\ (1H, m), 1.91-1.65 (6H, m), 1.23
k\ | \ (3H, d, ] = 6.7 Hz).
N"H
35 : Diastereomer of 1H-NMR (CDCIl3) 3: 9.88 (1H, br
Compound 36 s), 8.30 (1H, s), 7.09-7.05 (1H, m),
N OH (Optically-active 6.54-6.51 (1H, m), 4.79-4.72 (1H,
substance). m), 4.63 (1H, d, ] =12.3 Hz),4.33
N g Configuration of a- (1H, dt,J = 6.6, 6.6 Hz), 4.10 (1H, d,
CHj carbon of carbonyl is S | J=12.5 Hz), 3.88 (1H, brs), 3.72-
N™ AN (denived from 3.65 (1H, m), 3.46-3.38 (1H, m),
L _ reagents). Higher 3.24-3.16 (1H, m), 3.14-3.06 (1H,
N N polarity on TLC m), 2.21-2.14 (1H, m), 2.03-1.52
H (chloroform/methanol | (6H, m), 1.34 (3H, d,J = 6.5 Hz).
= 10/1) than Compound
36.
36 Diastereomer of 1H-NMR (CDCI3) &: 10.07 (1H, br
, Compound 35, s), 8.30 (1H, s), 7.10-7.06 (1H, m),
N OH Enantiomer of 6.54-6.50 (1H, m), 4.73-4.64 (2H,
Compound 30. m), 4.27 (1H, dt, ] = 6.5, 6.5 Hz),
N o Configuration of a- 4.074.01 (1H, m), 3.77 (1H, br s),
CHj3 | carbon of carbonyl is R | 3.60-3.51 (2H, m), 3.30-3.21 (1H,
NS\ (derived from m), 3.19-3.10 (1H, m), 2.12-2.04
L _ / reagents). Lower (1H, m), 1.98-1.57 (6H, m) 1.38
N ﬁ polarity on TLC (3H, d, ] = 6.5 Hz). -
(chloroform/methanol
= 10/1) than Compound
35.




(1H, m, 2.54-2.45 (1H, n), 1.76- 1.63 (2H, m, 1.60-1.36 (10H, m. 76
Racemate 1H NVR (DVBO-D6) 8: 11.67 (1H, br s), 8.08 (1H, s), 7.18-7.14
(1H, m, CH3 6.69-6.63 (1H, m), 4.5%g4. 45 (1H, nm, 4.33-4.24 (1H
n, 4.14-4.07 0 CHL (1H n), 3.45-3.25 (3H n), 2.52- N'''?2 - \CH3
2.39 (1H, n? 1.85-1.47 (11H, m), NH 1.40 (9H, s). 99 [Table 1-20] 77
. Racermt [Tabel-lO]

37 F Racemate of 1H-NMR (DMSO-D6) &: 11.73 (1H,
F | Compound 5 | brs), 815 (1H, s), 7.21 (1H, dd, J =
3.4,2.6 Hz), 6.64 (1H, dd, J = 3.6,

N 2.0 Hz), 5.14-5.07 (1H, m), 4.70-4.46

(3H, m), 3.83 (1H, d, ] = 18.9 Hz),
N '3.77 (1H,d,J = 18.9 Hz), 3.62-3.56
0 \ (1H, m), 3.00-2.91 (1H, m), 2.40-

N7 X \ N 2.29 (1H, m), 2.27-2.20 (1H, m),
||\ 1.99-1.91 (1H, m), 1.63-1.49 (1H,
7 H ' m).

38 CH3 Racemate 1H-NMR (DMSO-D6) 6: 11.56 (1H,
CHy— br ), 8.06 (1H, 5), 7.11-7.08 (1H, m),
[ ] 6.55 (1H, dd, J = 3.5, 1.9 Hz), 4.18-

/VN 4.07 (2H, m), 3.97-3.85 (2H, m),
[ \ﬁ/\\ 3.71 (2H, s), 3.65 (2H, 5), 2.43-2.22

N" o0 X\ (2H, m), 1.24 (3H, s), 1.20 (3H, s).
“\ ~ N

39 Racemate IH-NMR (CDCI13) 6: 10.34 (1H, br
s), 8.29 (1H, s), 7.06 (1H, d, J=3.5
N Hz), 6.52 (1H, d, ] = 3.7 Hz), 4.76~
4.68 (1H, m), 4.59 (1H, d,J = 13.0

N
O)\\\o Hz), 4.11 (1H, d, ] = 12.8 Hz), 3.75-
N)m \ 3.70 (2H, m), 3.66-3.60 (1H, m),
o

m CHs 3.54-3.47 (1H, m), 3.39 (3H, s), 3.22-
NZ N 3.12 (2H, m), 2:64-2.51 (2H, m),
H 2.12-2.04 (1H, m), 1.96-1.61 (5H,

m), 1.59-1.52 (1H, m).

40 CH, Single IH-NMR (DMSO0-D6) &: 11.73 (1H,
F diastereomer(Optically- | br s), 8.14 (1H, s), 7.17 (1H, dd, ] =
F- N active substance) 3.5,2.3Hz),6.61 (1H,dd,J=3.5,
1.6 Hz), 4.47-4.37 (1H, m), 4.304.24
N O)P\\\ (1H, m)}, 4.224.05 (2H, m), 4.12
N (1H,d,J=19.2Hz),4.04 (1H,d, ] =
N N\ 19.0 Hz), 3.65-3.60 (1H, m), 3.54-
lk/lb 3.48 (1H, m), 2.70-2.64 (1H, m),
N ” 2.08-1.97 (1H, m), 1.71-1.63 (1H,

m), 1.08 (3H, d, J = 7.0 Hz)..



1H NMR (DVSO-D6) 8: 11.60 (1H, br s), 8.08 (1H, s), 7.13-7.10 (1H ),

6.57-6.51 (1H,

(3H, m,
m, 1.82-1.44

m, 4.32-4.26 (1H,
3.48-3.32 (2H, m,
(6H, m.

[Table 1-11]

m,

2.60- 252 (1H,
N H 78

4.07 (2H,
N m,

s), 4.00-3.50
2.30-2.08 (1H,

41

Racemate

1H-NMR (DMSO-D6) &: 11.57 (1H,
br s), 8.07 (1H, s), 7.09 (1H, dd, J =
3.5,2.4 Hz), 6.56 (1H, dd, J = 3.5,
2.0 Hz), 4.01-3.81 (4H, m), 3.96 (1H,
d,J=18.7Hz),3.90 (1H,d, ] =19.0
Hz), 3.48-3.42 (2H, m), 2.46-2.37
(1H, m), 2.16-2.06 (1H, m), 1.77-
1.69 (2H, m), 1.03 (3H, s), 0.98 (3H,
s).

42

Diastereomer of
Compound 33
(Optically-active
substance)

1H-NMR (DMSO-D6) &: 11.57 (1H,
brs), 8.08 (1H, s), 7.11-7.09 (1H, m),
6.50 (1H, dd, ] = 3.5, 1.6 Hz), 4.73-
4.65 (1H, m), 4.29-4.23 (14, m),
3.94 (2H, s), 3.72-3.66 (1H, m), 3.51-
3.44 (1H, m), 3.43-3.36 (1H, m),
3.23-3.15 (1H, m), 2.28-2.21 (1H,
m), 2.13-2.05 (1H, m), 1.94-1.86
(2H, m), 1.60-1.54 (1H, m), 1.31
(3H, d, ] = 6.5 Hz).

43

Diastereomer mixture.
Configuration of a-
position of carbonyl of
amide is S.

IH-NMR (CDCIl3) 8: 10.97-10.54
(IH, m), 8.30 (1H, s), 7.11-7.08 (1H,
m), 6.51 (1H, d,J = 3.2 Hz), 4.80-
4.59 (2H, m), 4.36-4.24 (1H, m),
4.12-4.01 (1H, m), 3.89 (1H, br s),
3.71-3.65 (0.5H, m), 3.58-3.51 (1H,
m), 3.45-3.37 (0.5H, m), 3.29-3.05
(2H, m), 2.21-2.14 (0.5H, m), 2.11-
2.04 (0.5H, m), 2.02-1.70 (5H, m),
1.66-1.53 (1H, m), 1.39-1.32 (3H,
m).

44

Racemate

1H-NMR (CDC!3) &: 10.67-10.25
(1H, m), 8.30 (1H, s), 7.11-7.07 (1H,
m), 6.52 (1H, d, J = 3.2 Hz), 4.78-
4.71 (1H, m), 4.70-4.64 (14, m),
4.09 (1H, d, ] = 15.3 Hz), 4.04-3.98
(1H, m), 4.03 (1H, d,J = 15.3 Hz),
3.67 (1H, br s), 3.50-3.42 (1H, m),
3.41-3.32 (1H, m), 3.26-3.17 (1H,
m), 3.17-3.08 (1H, m), 2.18-2.10
(1H, m), 2.04-1.58 (6H, m).




Racemate 1H NVR (DVMSO-D6) 8: 11.59 (1H,

7.13-7.11 (1H m,

6. 55-6.52 (1H,

m,

br s), 8.08 (1H, s),
4.39-4.33 (1H,

CH3

m, 3.92-3.74 (2H, m, 3.64-3.51 (4H, m, 3.42-3.36 (1H, m, 2.65-
2.56 (1H, m, 2.24-1.97 (1H, m, N \
[Table 1-12]
45 Diastereomer mixture. 1H-NMR (CDCI13) &: 10.62 (1H, br
Configuration of - s), 8.30 (1H, s), 7.08 (1H,d,1=3.5
N CH position of carbonyl of | Hz), 6.54-6.50 (1H, m), 4.75-4.57
H 3 amide is S (derived (2H, m), 4.20-4.12 (1H, m), 4.05-
N o from (8)-(-)-2- 3.99 (1H, m), 3.85-3.78 (0.5H, m),
P O\CH3 methoxypropionic 3.67-3.62 (1H, m), 3.54-3.46 (0.5H,
N l A\ acid). : m), 3.37-3.35 (3H, m), 3.27-3.12
ks \ (2H, m), 2.13-2.04 (1H,.m), 1.99- -
N H 1.49 (6H, m), 1.41-1.36 (3H, m).
46 Diastereomer mixture. 1H-NMR (CDCIl3) é: 10.98 (1H, br
Configuration of a- s), 8.30 (1H, s), 7.09 (1H, d, I = 3.5
_ N CH, position of carbonyl of | Hz), 6.53-6.50 (1H, m), 4.74-4.58
N H amide is R (derived (2H, m), 4.204.12 (1H, m), 4.05-
0 O~ from (R)-(+)-2- 3.99 (1H, m), 3.85-3.78 (0.5H, m),
NZ A CH; | methoxypropionic 3.68-3.62 (1H, m), 3.53-3.46 (0.5H,
|\ | acid). m), 3.37-3.35 (3H, m), 3.27-3.14
\N N (2H, m), 2.13-2.04 (1H, m), 1.99-
H 1.48 (6H, m), 1.40-1.36 (3H, m).
47 Diastereomer mixture. 1H-NMR (DMSO-D6) &: 11.67 (1H,
' Configuration of a- brs), 8.11 (0.5H, s), 8.10 (0.5H, s),
N CHs position of carbonyl of | 7.18-7.16 (1H, m), 6.58 (0.5H, dd, J
N )\\‘ 0 amide is S (derived =3.5, 1.8 Hz), 6.51 (0.5H, dd,J =
0] o\( from (S)-(-)-2- 3.7, 1.8 Hz), 5.10-5.03 (1H, m), 4.70-
NZ A acetoxypropionyl 4.60 (1H, m), 4.52-4.45 (1H, m),
k | CH3 | chloride). 3.88-3.79 (1H, m), 3.77-3.70 (0.5H,
N N m), 3.61-3.51 (1H, m), 3.49-3.41
H (0.5H, m), 3.01-2.82 (2H, m), 2.05
(1.5H, s), 2.04 (1.5H, s), 1.91-1.72
(4H, m), 1.66-1.56 (2H, m), 1.50-
143 (1H, m), 1.35(1.5H,d, ] = 6.8
Hz), 1.31 (1.5H, d, ] = 6.8 Hz).
48 Racemate 1H-NMR (DMSO-D6) é: 11.67 (1H,
brs), 8.08 (1H, s), 7.15 (1H, dd, ] =
N 3.5,2.3 Hz), 6.56 (1H, dd, J = 3.6,
N )\\ 1.7 Hz), 4.72-4.66 (1H, m), 4.48 (1H,
0] O~CH d,J=12.5Hz),3.98 (1H,d,J=14.6
NZ A 3 -Hz),3.94 (1H, d, ] = 14.8 Hz), 3.89
k l (1H,d,J=13.0 Hz), 3.53-3.46 (1H,
\N N m), 3.39-3.34 (1H, m), 3.30 (3H, s),
H 2.99-2.89 (2H, m), 1.85-1.66 (4H,
m), 1.62-1.52 (2H, m), 1.51-1.45
(1H, m).




2.06 (3H, s), 1.87-1.73 (1H, m, 1.71- N 1.56 (4H, nm), 1.52-1.40 (1H,
n . H 79 Racemate 1H NVR (DVSO-D6) 8: 11.53 (1H, br s),
8.05 (1H, s), 7.08 (1H, d, J = NH 35 Hz), 6.55 (1H, t, J = 4.4 Hz),
3.91-3.67 (3H, m, 3.61-3.40 (1H, m, 2.76-2.62 (2H, m, 2.04-1.91

[Table 1-13]

49

Racemate

1H-NMR (DMSO-D6) &: 11.64 (1H,
brs), 8.08 (1H, s), 7.13 (1H, dd, J =
3.5,2.6 Hz), 6.54 (14, dd, T = 3.6,
1.7 Hz), 5.97 (1H, t, ] = 5.6 Hz),
4.72-4.64 (1H, m), 4.40 (14, d,J =
12.5 Hz), 3.87 (1H, d; J.= 12.5 Hz),
3.39-3.29 (1H, m), 3.28-3.21 (1H,
m), 3.07-3.00 (2H, m), 2.96-2.84
(2H, m), 1.83-1.65 (4H, m), 1.62-
1.47 (2H, m), 1.44-1.37 (14, m),
1.02 (3H, t, ] = 7.1 Hz).

50

Racemate

1H-NMR (CDCI3) 8: 10.68 (1H, br
s), 8.28 (1H, s), 7.07 (1H, d, J=3.2
Hz), 6.51 (1H, d, ] = 3.7 Hz), 4.75-
4.68 (1H, m), 4.67-4.61 (1H, m),
4.64 (1H, d, ] = 14.6 Hz), 4.60 (1H,
d, J = 14.8 Hz), 4.06-4.01 (1H, m),
3.58-3.51 (1H, m), 3.49-3.42 (1H,
m), 3.21-3.07 (2H, m), 2.21 (3H, s),
2.13-2.05 (1H, m), 2.03-1.81 (3H,
m), 1.79-1.55 (3H, m).

51

Racemate

1H-NMR (CDCI3) &: 9.34 (1H, br
s), 8.28 (1H, s), 7.00-6.97 (1H, m),
6.58-6.54 (1H, m), 4.19-3.95 (2H,
m), 3.84-3.45 (6H, m), 3.24-3.08
(2H, m), 2.28-2.14 (2H, m), 2.07-
1.90 (5H, m), 1.85-1.61 (2H, m).

52

Racemate

"TH-NMR (DMSO-D6) &: 11.68 (1H,
brs), 8.10 (1H, s), 7.16 (14, dd, J =
3.5,2.6 Hz), 6.82 (1H, t, ] = 5.6 Hz),
6.59 (1H, dd, J = 3.7, 1.9 Hz), 4.75-
4.67 (1H, m), 4.51-4.45 (1H, m),
4.03 (2H, d, ] = 5.8 Hz), 3.86-3.81
(1H, m), 3.44-3.37 (1H, m), 3.32-
3.25 (1H, m), 2.97-2.85 (2H, m),
1.88-1.69 (4H, m), 1.66-1.52 (2H,
m), 1.52-1.45 (1H, m).




N\
m. 80

(2H, M,
Racemate 1H NVR (DVBO-D6) 8: 11.58 (1H,

1.88-1.79 (1H,

m,

1. 64-

1.46 (4H, m,

s),

CH3 4.21 (1H, m,
CH3cH3 m),

7.12-7.10 (1H, m,

6.55 (111,

[Table 1-14]

4.00- 3. 47 (4H,
2.24-2.04 (1H m, 1.

m,

3.

, J =3.2, 1.9 Hz),
3-3.22 (1H, m,

br s),
4. 31-
2.59-2.44 (1H,

1.45-1.37 (2H,
8.07 (1H,

of

82-1.71 N

53

7

k

Racemate

1H-NMR (CDCI3) 5: 10.30-10.10
(1H, m), 8.33 (1H, 5), 7.06 (14, d, J
=2.8 Hz), 6.60 (1H, d, J = 3.0 Hz),
4.10-4.03 (1H, 8.10 (1H, m), 3.87-
3.62 (3H, m), 2.53 (2H, t, J = 6.7Hz),
2.22-2.08 (1H, m), 1.99-1.85 (6H, m)

54

CH;

Single diastereomer
(Optically-active
substance)

1H-NMR (DMSO-D6) &: 12.75 (1H,
brs), 8.32 (1H, s), 7.49-7.45 (LH, m),
6.98-6.93 (1H, m), 4.26-3.78 (SH,
m), 3.97 (2H, s), 3.58-3.23 (2H, m),
2.83-2.73 (1H, m), 2.28-2.20 (1H,
m), 2.17-1.96 (2H, m), 1.70-1.49
(1H, m), 1.02 (3H, d, J = 6.7 Hz).

55

Racemate

1H-NMR (DMSO-D6) &: 11.70 (1H,
brs), 8.14 (1H, s), 7.18 (1H, dd, J =
3.5,2.3 Hz), 6.63 (1H, dd, J = 3.5,
1.9 Hz), 4.22-4.01 (SH, m), 3.96-3.82
(1H, m), 3.72-3.60 (2H, m), 2.86-
2.77 (1H, m), 2.72-2.51 (2H, m),
2.41-2.30 (1H, m).

56 -

Racemate

IH-NMR (DMSO-D6) &: 11.67 (1H,
brs), 8.11 (1H, s), 7.17 (1H, dd, J =
3.5,2.6 Hz), 6.61 (1H, dd, J = 3.7,
1.9 Hz), 4.90-4.84 (1H, m), 4.63-4.56
(1H, m), 4.06 (1H, d, ] = 19.0 Hz),
3.99 (1H, d, J = 19.0 Hz), 3.94-3.88
(1H, m), 3.67-3.60 (1H, m), 3.56-
3.49 (1H, m), 3.16-3.08 (1H, m),
2.81-2.71 (1H, m), 2.48-2.37 (2H,
m), 2.00-1.90 (2H, m), 1.85-1.72
(1H, m).




\ (1H, m, 1.69-1.56 (3H, n), 1.53- 1.45 (1H, m, 1.45-1.36 (1H m,
H 1.42 (911, s). 100 [Table 1-21] 81 NO N ........... ., \ NHCH
Racemate 1H NVR (DVBO-DB) 5: 12.02 (1H, bpr s), 8.17 (1H, s), 7.27-7.23
(1H m, 6.75-6.69 (1H n), 4.57-4.35 (3H n), 3.46-3.33 (3H, n), 2.78-2.68

(1H, n), 2.02 (3H s), 1.87-1.78 (1H, n), 1.75-1.40 (8H n). 82 Racenate
1H NVR ([DRad D63 5: 11.68 (1H, br s), 8.10 (1H, s), 7.17 (1H, dd, J =
3.5, 2.6 Hz),|6.5 d J = PRakemateN IH-NMR (DMSO-D6) &: 11.59 (1H,

br s), 8.08 (1H, s), 7.13-7.10 (1H, m),

6.55 (1H, dd, J = 3.2, 1.6 Hz), 4.33-
4.28 (1H, m), 4.08 (2H, 5), 3.97-3.54
(3H, m), 3.48-3.29 (2H, m), 2.61-

k = \ | 2.53 (1H, m), 2.30-2.06 (1H, m),

1.82-1.47 (6H, m).

58 Racemate IH-NMR (DMSO-D6) 6: 11.67 (1H,
[ brs), 8.10 (1H, s), 7.16 (1H, dd, J =
3.5, 2.6 Hz), 6.56 (1H, dd, J = 3.6,
)\ 1.7 Hz), 6.46 (1H, t, ] = 5.6 Hz),

NH _ 4.74-4.67 (1H, m), 4.45 (1H, d, ] =
12.5 Hz), 3.87 (1H, d, J = 12.8 Hz),

N™S 3.43-3.36 (1H, m), 3.30-3.24 (3H,
U _ I\ m), 2.96-2.87 (2H, m), 2.66 (2H, t, J
N u N = 6.6 Hz), 1.87-1.68 (4H, m), 1.65-
1.51 (2H, m), 1.49-1.42 (1H, m).
59 . Racemate of 1H-NMR (DMSO-D6) 6: 11.71 (1H,
' N Compound 3 brs), 8.13 (1H, s), 7.20 (1H, dd, J =
| 3.5,2.4 Hz), 6.64 (1H, dd, ] = 3.6,
N 1.9 Hz), 4.96 (1H, d, J = 12.6 Hz),
o) \ 4.67-4.60 (1H, m), 4.11-4.04 (1H,
NN N m), 4.00-3.93 (1H, m), 3.70 (2H, s),
AN 3.53 (1H, d, J = 12.6 Hz), 2.98-2.90

N _ (1H, m), 2.39-2.31 (1H, m), 2.01-
N" 3 1.93 (3H, m), 1.83-1.75 (1H, m),
1.58-1.46 (1H, m).
60 CH, Single diastereomer IH-NMR (DMSO-D6) &: 11.67 (1H,
(Optically-active brs), 8.12 (1H, s), 7.16 (1H, dd, J =
substance) 3.5,2.6 Hz), 6.61 (1H, dd,J = 3.7,
N 1.9 Hz), 4.60 (1H, d, ] = 13.2 Hz),
. 4.38-4.30 (1H, m), 3.98 (14, d, J =
N o)\\ 18.8 Hz), 3.92 (1H, d, ] = 19.0 Hz),
\ . 3.75(1H, d, J = 13.2 Hz), 3.54-3.47
N7 \ N (1H, m), 3.46-3.35 (1H, m), 3.28-
L P 3.20 (1H, m), 2.54-2.46 (1H, m),
N H 2.18-2.07 (2H, m), 2.01-1.92 (1H,

m), 1.87-1.76 (1H, m), 1.66-1.58
(1H, m), 1.56-1.47 (1H, m), 0.82
(3H, d,J = 7.0 Hz).




1.9 Hz), 4.64-4.59 (1H, ), 4.51-4.44 (1H n), 4.26-4.21 (1H n), 4.07

(1H, d, J = 18.8 Hz), 4.01 (1H d, J = \ 18.6 Hz), 3.31-3.13 (2H m,
2.77- . 2.67 (1H m), 1.86-1.37 (10H g@. N H 83 Racemate 1H NMR
(DVBO-D6) 5: 11.65 (1H, br s), 8.09 {lH, s), 7.15 (1H, dd, J = |
3.4, 2.5 Hz), 6.57 (1H, dd, J = 3.6, 2/. N..... r-, u0%,n3 1.9 Hz),
4.73-4. 6HTghied-160 . 4.47 (1H d, J = 12.1 Hz), 3.90 (1H, d, J = 12.4  Hz),
3.62-3.94 ¢IH] n), 3%8-3.41 . '] Racemate TH-NMR (CDCI3) 5: 10.99-10.59
? Ns (1H, m), 8.31 (1H, s), 7.08-7.01 (1H,
%0 m), 6.55 (1H, d, J = 3.0 Hz), 4.63-
N e, 4.03 (2H, m), 3.84-3.44 (4H, m),
- 3.70 (3H, ), 3.31-3.12 (0.7H, m),
NS 3.00-2.81 (0.3H, m), 2.16-1.71 (SH,
IkN/ N m).
H
62 ' Racemate TH-NMR (DMSO-D6) 5: 11.56 (1H,
brs), 8.07 (1H, s), 7.09 (1H, dd, J =
N 3.2,2.6 Hz), 6.92 (1H, 1, ] = 5.7 Hz),
NR 6.55 (1H, dd, J = 3.2, 1.9 Hz), 4.37-
N 0o = 4.12 (1H, m), 4.05-3.93 (1H, m),

4.02 (2H, d,J = 5.6 Hz), 3.79-3.49
(2H, m), 3.40-3.27 (2H, m), 3.07-
2.94 (1H, m), 1.98-1.83 (4H, m),
1.76-1.67 (1H, m).

N
NN
63 _ Racemate ' 1H-NMR (CDCI3) 6: 9.13 (1H, br
CHs | 9). 8.29 (1H, 5), 7.00-6.97 (1H, m),
| N 6.58-6.54 (1H, m), 4.18-4.09 (1H,
O}—— \——=N '

L .

m), 4.06-3.93 (2H, m), 3.88-3.72
(1H, m), 3.68-3.61 (1H, m), 3.59-
3.53 (2H, m), 3.22-3.09 (1H, m),

Nl TN 2.98 (3H, 5), 2.07-1.92 (5H, m), 1.87-
N/ N 1.69 (1H, m).
64 Racemate TH-NMR (CDCI3) 6: 9.33-9.10 (1H,
m), 8.32 (1H, 5), 7.79 (1H, s), 7.76-
N 7.70 (2H, m), 7.58-7.52 (1H, m),
N 7.03-7.00 (1H, m), 6.61-6.57 (1H,
0 m), 4.75-4.55 (1H, m), 4.27-4.18
NN \\N (1H, m), 3.97-3.81 (1H, m), 3.79-
P 3.72 (1H, m), 3.57-3.40 (3H, m),
NZ N 2.23-2.15 (1H, m), 2.12-2.03 (1H,

H m), 1.98-1.85 (3H, m).



N\ (1H, m, 3.00-2.88 (2H, m, 1.97 kN H (3H, s), 1.88-1.67 (4H m,
1.65-1.53 (2H, m), 1.50-1.43 (1H, m. 84 Racemate of 1H NVR (DMBO-D6) 5:
11.64 (1H,  ----- Compound 7 br s), 8.1@ (1H, s), 7.16 (1H, dd, J = N
3.4, 2.6 Hz), 6.57 (1H, dd, J = 3.6, .N 1.6 Hz), 4.73-4.66 (1H m,
4.52 (1H d, J =12.5 Hz), 3.93 (2H, s), 3.83 \\ (1H d, J = 12.9 Hz),
3.58-3.51Tked-17] N\N n) 3 46-3.39 (1H n), 2 99-2. .84 (2H )

1. 90-1. kN- - - -[NRacemate - 1H-NMR (CDC13) 6: 9.44 (1H, br

70 664R, ? 67-
: N

s), 8.32 (1H, s), 7.73 (2H, d,J = 8.3
Hz), 7.58 (2H, d, ] = 8.1 Hz), 7.02

N 4 (1H, dd, J = 3.6, 2.2 Hz), 6.59 (1H,
dd,J =32, 1.9 Hz), 4.75-4.52 (1H,
NJY\> m), 4.29-4.17 (1H, m), 3.97-3.82
L Ay (1H, m), 3.78-3.73 (1H, m), 3.53-
N" R 3.41 (3H, m), 2.22-2.15 (1H, m),

2.11-2.03 (1H, m), 1.97-1.87 (3H,
m).

66

Single diastereomer
(Optically-active
substance)

1H-NMR (DMSO-D6) 8: 11.60
(1H, brs), 8.08 (1H, s), 7.11 (1H, dd,
J=3.5,2.6 Hz), 6.58 (1H, dd, J =
3.5, 1.9 Hz), 3.99 (1H, d, J = 19.0
Hz), 3.98-3.78 (4H, m), 3.92 (1H, d,

=19.2 Hz), 3.54-3.47 (1H, m),
3.44-3.38 (1H, m), 3.05-2.95 (1H,
m), 2.21-2.11 (1H, m), 1.98-1.87
(2H, m), 1.63-1.52 (1H, m), 0.93
(3H, d, J = 6.7 Hz).

67

Racemate

1H-NMR (DMSO-D6) 8: 11.55
(1H, brs), 8.05 (1H, s), 7.08 (1H, dd,
J=3.2,2.6 Hz), 6.58-6.51 (2H, m),
4.354.16 (1H, m), 4.00-3.92 (1H,
m), 3.72-3.50 (2H, m), 3.39-3.27
(2H, m), 3.26-3.21 (2H, m), 3.08- -
2.95(1H, m), 2.62 (2H,t,J =6.6
Hz), 1.94-1.82 (4H, m), 1.71-1.63
(1H, m).

68

Racemate

1H-NMR (DMSO-D6) &: 11.55
(1H, s), 8.06 (1H, s), 7.08 (1H, dd, J
=3.4,2.4 Hz), 6.55-6.52 (1H, m),
6.10 (1H, t, ) =5.6 Hz), 4.374.15
(1H, m), 4.01-3.90 (1H, m), 3.69-
3.55 (1H, m), 3.54-3.49 (1H, m),
3.37-3.28 (2H, m), 3.09-3.01 (1H,
m), 2.99-2.93 (2H, m), 1.93-1.80
(4H, m), 1.68-1.62 (1H, m), 1.46-
1.37 2H, m), 0.83 3H, t, ] =74
Hz).




1.57 (2H,

m, 1.56-1.49 (1H, . H 101 [Table-1-22 85 CH Racemate
1H NMR (CDC13) 8: 9.05 (1H, br s), 8.27 (1H, s), 6.96 (1H d, J = 3.7 Hz),
6.55 (111, d, J = 3.5 Hz), 4.19- 3 4.10 (1H, m, 3.90-3.75 (1H,
m, 3.70-3.56 (3H, m, 3.39-3.28 (1H, m, 2.70-2.60 (1H m,
2.12-2.03 N\ (1H m, 1.99-1.91 (4H m, 1.79- NNH 1.69 (1H, m,
1.16-1. Q&Tabd-18h 86  Racenmte 1H NVR (DVBO-D6) 8: 11.56 (1H, br s),

8.07 (1K, .69),

N
O O’CH3

N\\
L~
NT R

7.19°%, 07 (1H, m,
N
<§ awi

RaceBats6- 6. 51 ( 1, IHINMRAIDBGSA-[152 5( 1HS (1H,

br s), 8.06 (1H, s), 7.10-7.07 (1H, m),
6.55-6.49 (1H, m), 4.39-4.10 (1H,
m), 4.04-3.92 (1H, m), 3.83-3.62
(1H, m), 3.62-3.49 (3H, m), 3.56
(3H, s), 3.07-2.91 (1H, m), 2.60-2.53
(2H, m), 2.51-2.45 (2H, m), 1.99-
1.93 (2H, m), 1.91-1.82 (2H, m),
1.75-1.65 (1H, m).

70

S

N
© 0-CHs
N\\
l/N

N™ H

Racemate

1H-NMR (CDCI3) &: 10.81 (1H, br
s), 8.29 (1H, 5), 7.02 (1H, d,J = 3.7
Hz), 6.52 (1H, d, T = 3.5 Hz), 4.64
(2H, 5), 4.55-4.39 (1H, m), 4.18-4.07

"(1H, m), 3.85-3.74 (1H, m), 3.72-

3.64 (1H, m), 3.59-3.48 (2H, m),
3.37-3.26 (1H, m), 2.19 (3H, s), 2.14-
1.91 (4H, m), 1.83-1.72 (1H, m).

71

Racemate

1H-NMR (DMSO-D6) &: 11.58 (1H,
brs), 8.27 (2H, d, J = 9.0 Hz), 8.07
(1H, s), 7.46 (2H, d, J = 9.3 Hz),
7.12-7.09 (1H, m), 6.60-6.57 (1H,
m), 4.29-4.15 (1H, m), 4.05-3.95
(1H, m), 3.78-3.65 (4H, m), 2.98-
2.82 (1H, m), 2.15-2.03 (2H, m),

1.97-1.86 (3H, m).

72

Racemate

1H-NMR (DMSO-D6) &: 11.57 (1H,
brs), 8.07 (1H, s), 7.10-7.08 (1H, m),
6.56-6.52 (1H, m), 4.46 (1H,t,J =
5.6 Hz), 4.39-4.21 (1H, m) 4.06-3.96
(3H, m), 3.74-3.55 (2H, m), 3.45-
3.39 (2H, m), 3.09-2.97 (1H, m),
1.97-1.92 (2H, m), 1.90-1.84 (2H,
m), 1.78-1.71 (1H, m).




m,

2.97 (1H, m,

(2H,

m,

4.04-3.94 (1H m,
2.29 (2H,
1.74-1.66 (1H,

m,

3.72-3.59.
q, J =
0.97 -

CH3
7.5 N\

Racemate 1H NVR (DMVSO D6) 8: 11.58 (1H,

(1H,

3. 75-

s),

m,

3.
1.9

~flable

1 n)

6.57-6.52 (1H,
5 (1H m,

3.59-3

4

(1H m,
Hz),
NN dgd (3H,
br s),

4.38-4.24 (1H,

(3H_m)

3. 13-

1.97-1.93 (2H, m,
t,

CH3 m,

3.56-3.49 (3H, m), 3.11-
1.90-1. 82
J=7.4 H). 87

8.07 (1H, s), 7.11-7.08
4.03-3.94 (1H, m,
2.99 (1H m 1.99 (3H,

B- 17393

Racemate

1H-NMR (DMSO0-D6) &: 11.58 (1H,
brs), 8.06 (1H, s), 7.10 (1H, dd, T =
3.4,2.4 Hz), 6.57 (1H, dd, J = 3.5,
2.1 Hz), 4.30-4.09 (1H, m), 4.04-3.94
(1H, m), 3.92-3.82 (2H, m), 3.77-
3.52 (2H, m), 2.97-2.84 (1H, m),
2.07-1.92 (4H, m), 1.85-1.76 (1H,
m), 1.63-1.49 (4H, m).

74

Racemate

1H-NMR (DMSO-D6) &: 11.63 (1H,
s), 8.09 (1H, s), 7.15 (1H, dd, J = 3.5,
2.6 Hz), 6.64 (1H, dd, J = 3.6, 2.0
Hz), 4.53 (1H, d, ] = 13.2 Hz), 4.38-
4.29 (1H, m), 4.18 (1H, d, T = 13.0
Hz), 4.02 (2H, s), 3.35-3.31 (3H, m),
2.63-2.55 (1H, m), 1.88-1.77 (2H,
m), 1.74-1.50 (6H, m), 1.47-1.34
(3H, m).

75

Racemate

1H-NMR (DMSO-D6) &: 11.59 (1H,
brs), 8.08 (1H, 5), 7.13 (1H, dd, J =
3.5,2.6 Hz), 6.57 (1H, dd, J = 3.6,
1.7 Hz), 3.90-3.83 (1H, m), 3.70-3.62
(1H, m), 3.69 (1H, d, J = 12.8 Hz),
3.53 (1H, d, J = 12.8 Hz), 2.67-2.57
(1H, m), 2.54-2.45 (1H, m), 1.76-
1.63 (2H, m), 1.60-1.36 (10H, m).

76

Racemate

1H-NMR (DMSO-D6) &: 11.67 (1H,
brs), 8.08 (1H, s), 7.18-7.14 (1H, m),
6.69-6.63 (1H, m), 4.53-4.45 (1H,
m), 4.33-4.24 (1H, m), 4.14-4.07
(1H, m), 3.45-3.25 (3H, m), 2.52-
2.39 (1H, m), 1.85- 147(11H m),
1.40 (9H s).




N\ (2H m, 1.90-1.82 (2H, n), 1.74- LLNNH 1.66 (1H n). 88 Racemate
1H NVR (DVMSO-D6) 8: 11.59 (1H, 3.4, br s), 8.08 (1H s), 7.10 (1H dd, J
2.4 Hz), 6.56-6.52 (1H, n), 4.36- o9 4.17 (1H, 1), 4.10-3.94 (1H, m,

N 3.99 (2H, s), 3.76-3.19 (4H n), 3.05- 2.92 (1H, m), 2.01-1.94 (2H,
m, N...-\ 1.93-1.83 (211, m, 1.81-1.72 (1H 1 m. H 102 [Tabl e
1- 23] gq[Table 1-20] .
77 - \ Racemate 1H-NMR (DMSO-D6) &: 11.60 (1H,
brs), 8.08 (1H, s), 7.13-7.10 (1H, m),
N 6.57-6.51 (1H, m), 4.32-4.26 (1H,
N />_\ m), 4.07 (2H, s), 4.00-3.50 (3H, m),
O\ 3.48-3.32 (2H, m), 2.60-2.52 (1H,
NZ A N m), 2.30-2.08 (1H, m), 1.82-1.44
& | (6H, m). .
NN
78 Racemate 1H-NMR (DMSO-D6) &: 11.59 (1H,
br s), 8.08 (1H, s), 7.13-7.11 (1H, m),
N 6.55-6.52 (1H, m), 4.39-4.33 (1H,
J—CHs m), 3.92-3.74 (2H, m), 3.64-3.51
o) ' (2H, m), 3.42-3.36 (1H, m), 2.65~
N7 2.56 (1H, m), 2.24-1.97 (1H, m),
N | N ' | 2.06 (34, 5), 1.87-1.73 (1H, m), 1.71-
X N 1.56 (4H, m), 1.52-1.40 (1H, m).
79 - Racemate 1H-NMR (DMSO-D6) &:.11.53 (1H,

brs), 8.05 (1H, s), 7.08 (1H, d, J =
NH 3.5 Hz), 6.55 (1H, t, ] = 4.4 Hz),

N 3.91-3.67 (3H, m), 3.61-3.40 (1H,

m), 2.76-2.62 (2H, m), 2.04-1.91

NP\ (2H, m), 1.88-1.79 (1H, m), 1.64-
l\ | \ 1.46 (44, m), 1.45-1.37 (2H, m).
N"H |
20 Racemate 1H-NMR (DMSO-D6) &: 11.58 (1H,
brs), 8.07 (1H, s), 7.12-7.10 (1H, m),
N}/_ 6.55 (1H, dd, T = 3.2, 1.9 Hz), 4.31-
0 - | 4.21 (18, m), 4.00-3.47 (4H, m),
N" g \(CH3 3.33-3.22 (1H, m), 2.59-2.44 (1H,
7 CHa%H, m), 2.24:2.04 (1H, m), 1.82-1.71
k | N (1H, m), 1.69-1.56 (3H, m), 1.53-
SN 1.45 (1H, m), 1.45-1.36 (1H, m),
H 1.42 (9H, s).




m,

1.81-1. 63 (4H,
8.07 (1H, s),
R

| m. NH

(bl H]5g (1H ), 4 0

6.55 (1H, d, J
2.91-2.81 (2H, m,

Racemate 1H NVR (CDC13) 5: 11.52 (1H, s),
J =32 1.9 H), = 2.3 Hz),

2.31(1H, fop

7.35-7.27 (4H, m),

-3 .91

NH 8.05 (1H, s),
3.87-3.71 (2H, m,
s), 1.99-1.84 (2H, m),

90 Racemate 1H NWVR (DMSO D6) 5: 11.56 (1H,
411 7.22-7.18 (1H, m, 7.11-7.09
3.80-3.56 (5H m. 2 68-

7.08 (1H, dd,

2.85

2H, ), 2Z°R0-2.19
N
| PN
N\
N
H

7

N
N/
S

(Raegmaty

[_1HNNMR (DMSO-D6) 6: 12.02 (1H,

brs), 8.17 (1H, s), 7.27-7.23 (1H, m),
6.75-6.69 (1H, m), 4.57-4.35 (3H,
m), 3.46-3.33 (3H, m), 2.78-2.68
(1H, m), 2.02 (3H, s), 1.87-1.78 (1H,
m), 1.75-1.40 (8H, m).

82

Racemate

1H-NMR (DMSO-D6) &: 11.68 (1H,
brs), 8.10 (1H, s), 7.17 (1H, dd, J =
3.5,2.6 Hz), 6.59 (1H, dd, J = 3.7,
1.9 Hz), 4.64-4.59 (1H, m), 4.51-4.44
(1H, m), 4.26-4.21 (1H, m), 4.07
(1H,d,J] = 18.8 Hz), 4.01 (1H,d,J =
18.6 Hz), 3.31-3.13 (2H, m), 2.77-
2.67 (1H, m), 1.86-1.37 (10H, m).

83

Racemate

1H-NMR (DMSO-D6) &: 11.65 (1H,
brs), 8.09 (1H, s), 7.15 (1H, dd, J =
3.4,2.5Hz), 6.57 (1H, dd, J = 3.6,
1.9 Hz), 4.73-4.65 (1H, m), 4.47 (1H,
d,J=12.1 Hz), 3.90 (1H,d,J = 12.4
Hz), 3.62-3.54 (1H, m), 3.48-3.41
(1H, m), 3.00-2.88 (2H, m), 1.97
(3H, s), 1.88-1.67 (4H, m), 1.65-1.53
(2H, m), 1.50-1.43 (1H, m).

84

Racemate of
Compound 7

1H-NMR (DMSO-D6) 3: 11.64 (1H,
brs), 8.10 (1H, s), 7.16 (1H, dd, J =
3.4,2.6 Hz), 6.57 (1H, dd, J = 3.6,

1.6 Hz), 4.73-4.66 (1H, m), 4.52 (1H,
d,J=12.5Hz), 3.93 (2H, s), 3.83
(1H, d, J = 12.9 Hz), 3.58-3.51 (1H, ~
m), 3.46-3.39 (1H, m), 2.99-2.84
(2H, m), 1.90-1.70 (4H, m), 1.67-
1.57 (2H, m), 1.56-1.49 (1H, m).

3.67-3.53




1.91-1.71 (5H m. H [0265] [Table 2] No. Structural Fornula Conments
NWVR Data 91 Racemate 1H NVR (DMSO-D6) 5: 13.60 (1H, br s), 8.24(1H, s),
8.17 (1H, s), 4.02- L.. 3.98 (1H, m,103.93 (2H, s), 3.81-3.75 N (1H,
m, 3.51-3.38 (2H, m, 3.27- C\\ 3.05 (2H, m, 2.94-2.84 (1H, m, 1 \N

2'37'2'2?4(1:_“-’ m, 1.85-1.69 (5H N .--NH m, 1.57-1.50 (1H, m). 92
Racemat e Hablev&)( DMSO- DR) 8- 13 32 (1H br s), 818 (1H s). 8.01 (1H
s), 4.66- 85 Racemate 1H-NMR (CDCI3) &: 9.05 (1H, br
s), 8.27 (1H, s), 6.96 (1H, d, ] = 3.7
N CHa Hz), 6.55 (1H, d, J = 3.5 Hz), 4.19-
4.10 (1H, m), 3.90-3.75 (1H, m),
N o CHj 3.70-3.56 (3H, m), 3.39-3.28 (1H,
m), 2.70-2.60 (1H, m), 2.12-2.03
N™ "\ .| (1H, m), 1.99-1.91 (4H, m), 1.79-
IKN( ” 1.69 (1H, m), 1.16-1.08 (6H, m).
86 Racemate 1H-NMR (DMSO-D6) 8: 11.56 (1H,
. brs), 8.07 (1H, s), 7.10-7.07 (1H, m),
6.56-6.51 (1H, m), 4.36-4.22 (1H,
}——\ m), 4.04-3.94 (1H, m), 3.72-3.59
N 0 CHj3 (1H, m), 3.56-3.49 (3H, m), 3.11-
2.97 (1H, m), 2.29 (2H, q, J = 7.5
N™ I\ Hz), 1.97-1.93 (2H, m), 1.90-1.82
l _ (2H, m), 1.74-1.66 (1H, m), 0.97
N N (H, t,J = 7.4 Hz).
87 Racemate 1H-NMR (DMSO-D6) 6: 11.58 (1H,
brs), 8.07 (1H, s), 7.11-7.08 (1H, m),
N ' 6.57-6.52 (1H, m), 4.38-4.24 (1H,
)——CHa m), 4.03-3.94 (1H, m), 3.75-3.60
NS (1H, m), 3.59-3.48 (3H, m), 3.13-
2.99 (1H, m), 1.99 (3H, s), 1.98-1.93
N™ I\ ' (2H, m), 1.90-1.82 (2H, m), 1.74-
L _ L | 1.66 (1H, m).
H _
38 - | Racemate | 1H-NMR (DMSO-D6) &: 11.59 (1H,
: brs), 8.08 (1H, s), 7.10 (1H, dd, ] =
N 3.4,2.4 Hz), 6.56-6.52 (1H, m), 4.36-
)’\ 4.17 (1H, m), 4.10-3.94 (1H, m), _
N" 0O AN 3.99 (2H, 5), 3.76-3.19 (4H, m), 3.05-
N 2.92 (1H, m), 2.01-1.94 2H, m), |
le\ \ 1.93-1.83 (2H, m), 1.81-1.72 (1H,
NT




4.62 (1H M, 4.09-4.00 (2H, ),

Cl 3.42 (2H n), 3.06-2.97 (1H m,

M. H 93 Racemate 1H NVR (DVBO D6) 8jp213.32 (1H,

J=1.4 H), 802 (1H s), 4.39 (1H, d. J = 10.9 Hz),
= ) ) 2H

d, J 1?Ta¥)1e|_{2-23’] 4.09 (2H, =

3.99 (2H, s), 3.60-3.56 (1H, m), 3.53-
2.03-1.81 (4H m), 1.77-1.71 (1H,

br s), 8.13 (1H d,
4.28 (1H,

1H-NMR (CDCI3) &: 11.52 (1H, s),

29 Racemate
8.05 (1H, s), 7.08 (1H, dd, J = 3.2,
NH 1.9 Hz), 6.55 (1H, d, ] = 2.3 Hz),
" 3.87-3.71 (2H, m), 3.67-3.53 (2H,
m), 2.91-2.81 (2H, m), 2.31 (1H, br
NS 5), 1.99-1.84 (2H, m), 1.81-1.63 (4H,
t 2~y m).
N" J |
90 “Racemate TH-NMR (DMSO-D6) 5 11.56 (1H,

brs), 8.07 (1H, s), 7.35-7.27 (4H, m),
7.22-7.18 (1H, m), 7.11-7.09 (1H,
‘m), 6.62-6.58 (1H, m), 4.04-3.91
(1H, m), 3.80-3.56 (5H, m), 2.68-
2.55 (2H, m), 2.29-2.19 (1H, m),
1.91-1.71 (5H, m).

N
[0265]
[Table 2]
No. Structural Formula Comments NMR Data
91 Racemate 1H-NMR (DMSO-D6) &: 13.60 (1H,
(\/F’\? br s), 8.24 (1H, s), 8.17 (1H, 5), 4.02-
3.98 (1H, m), 3.93 (2H, s), 3.81-3.75
N )\\ (1H, m), 3.51-3.38 (2H, m), 3.27-
' \ 3.05 (2H, m), 2.94-2.84 (1H, m),

2.37-2.28 (1H, m), 1.85-1.69 (5H,

cl SR
N7 H’ m), 1.57-1.50 (1H, m).

9 Racemate IH-NMR (DMSO-D6) 6: 1332 (1H,
s J brs), 8.18 (1H, 5), 8.01 (1H, 5), 4.66-

4.62 (1H, m), 4.09-4.00 (2H, m),
N or\\\ 3.99 (2H, ), 3.60-3.56 (1H, m), 3.53-

o N 3.42 (2H, m), 3.06-2.97 (1H, m),

\fﬁ:\\N 2.03-1.81 (4H, m), 1.77-1.71 (1H,
. N/ N’ m).
H .

93 Racemate TH-NMR (DMSO-D6) 6; 1332 (1H,

brs), 8.13 (1H, d, J = 1.4 Hz), 8.02
(1H, s), 4.39 (1H, d, J = 10.9 Hz),
428 (1H, 4, J = 10.7 Hz), 4.09 (2H,
s), 4.08-4.01 (1H, m), 3.88-3.82 (1H,
m), 3.50-3.43 (1H, m), 3.38-3.27
(1H, m), 2.61-2.54 (1H, m), 2.16-
2.06 (1H, m), 1.84-1.45 (6H, m).




s), 4.08-4.01 (1H, m, 3.88-3.82 (1H, m, 3.50-3.43 (1H, n), 3.38-3.27

(1H, m, 2.61-2.54 (1H, m, 2.16- 2.06 (1H, m, 1.84-1.45 (6H m. 103
[0266] [ Tabl e 3] No. Structural Formul ajijggrments NVR Data 94 ,..' N
--.-:.-/---- NO\WN NH Racemate 1H NMR (DMSO-D6) 8: 13.02 (1H, br s),
8.17 (1H 8.11 (1H, s), 5.72- 4.95 (1H, m), 4.05 (1H, d, J = 19.2 Hz),

3.94 1HT°28‘)’ J =19.0 Hz), 3.89- 3.78 (1H, ), 3.60-3.52 (1H, n), 3.46-3.39
(1H, r’r) [BabbyAl> 73 (2H ). 1.94-1.84 (2H m. 1.82-1.49 (6H, m. 95
RacenatPNOlI—I-I\NRC(uBI\VB@Im 8: 12.@nnfebld, br s), BNMRDPd, s), 8.07 (1H, 9,
4.95- 4]784(1 HRaceate 4. 06 ( 2H, | SHNMRIDOMBBD6)Y & H3.00) LH,
3.60- 3/50 (1 H m, 2.58-2.41 f§rkh8.1M(1H,3),30H 218 s),(51H-
m, 1.81-1.48 - | 495(1H, m), 4.05 (1H,d,J=19.2
Hz), 3.94 (1H, d, J = 19.0 Hz), 3.89-
3.78 (1H, m), 3.60-3.52 (1H, m),
3.46-3.39 (1H, m), 2.97-2.73 (2H,
m), 1.94-1.84 (2H, m), 1.82-1.49

(6H, m).
95 Racemate 1H-NMR (DMSO-D6) &: 12.92 (1H,
brs), 8.17 (1H, s), 8.07 (1H, s), 4.95-
N 4:78 (1H, m), 4.34-4.09 (1H, m),
N o/>_\ 4.06 (2H, s), 3.99-3.67 (1H, m), 3.60-
AN 3.50 (1H, m), 3.43-3.28 (2H, m),
N7 SN N 2.58-2.41 (1H, m), 2.30-2.11 (1H,
[ _ N> ' m), 1.81-1.48 (6H, m).
NN :

[0267] The following Table 4 shows chemical structures of compounds of which absolute

5 configurations have been specified among the above optically-active compounds.
[0268]
{Table 4]
No. Structural Formula No. Structural Formula
N \-—l
N N N
c W Z T\
3 NI NN 9 N" 0 N\\
kN/ H N| X N\
kN/ N
: H
F
e N - . e 7/\
N N
4 /r 7//\\ O N
4 N0 N\ 25 le N\
N7 XX Z~N
L P AN N H
N
NTH

[0269].
10 [Test 1]



ON) NH ' [0267] The follow ng Tabl e 4 shows chem cal structures of"
conpounds of which absol ute 5configurati ons have been specified anong the
above optically-active conpounds. [0268]j0hTable 4 No. Structural Formula

No. Structural Formula 3 N,., Ns'"''"'" L....- NN\ HO9 z <0 zm ,

4 2 z ft O (Tl . .,z . .
° _ JAKg activity inhibitory effects of test compounds were evaluated by the following kinase

reactions.
In the kinase reactions, fused proteins (6His tag-fused hJAK3 kinase domain (aa781-end))
which were coexpressed in Sf21 cells and purified by Ni2+/NTA agarose were used. The kinase
5 reactions were initiated by the addition of the following solutions of (a) to (c) to 96-well half-area white
plates (plates, Corning Incorporated 3642).
[0270]
(a) 5 umol/L TK substrate-biotin (cisbio) diluted by kinase buffer (50 mmol/L 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (pH 7.0)), 0.02% sodium azide, 0.1 mmol/L sodium vanadate, 5
10 . mmol/L magnesium chloride, 1 mmol/L dithiothreitol, 0.01% bovine serum albumin), 25 umol/L ATP,
250 nmol/L Supplement Enzymatic buffer (cisbio) solution: 10 pL/well
(b) Test-article solution prepared by using kinase buffer containing 5% dimethylsulfoxide: 10
uL/well _
(¢) 33 ng/mL hJAK3 enzyme diluted by kinase buffer: 30 uL/well
15 [0271] A well in which ATP was not added was set out as a blank well.
Plates were let stand at room temperature for 10 minutes from starting reactions.
To the plates were added 50 jil/well of a buffer for detection containing TK-Antibody-Cryptate
(5 tests/50 pL) and streptoavidine-addition XL665 (62.5 nmol/L) reagent (50 mmol/L 4-(2-
_ hydroxyethyl)-1-piperazineethanesulfonic acid (pH 7.0), 20 mM EDTA, 800 mmol/L potassium
20 fluoride, 0.1% bovine serum albumin).
[0272] One hour after the addition of the buffer for detection, fluorescence counts of each well were
measured by a fluorescence microplate reader. Specifically, fluorescence counts in 620 nm excited in
337 nm, and fluorescence counts in 665 nm excited by fluorescence in 620 nm were measured.
[0273] Ratio of each well was calculated from measured fluorescence counts (fluorescence counts in
25 665 nm/fluorescence counts in 620 nm x 10000).
' Data were obtained by deducting the avarage Ratio of a blank well from Ratio of each well.
IC50 values of test articles were calculated from % of control values of 2 doses before as well as after
50% in 100% as % of a control value of a solvent control. % Inhibition of either 0.1 pmol/L or 1
umol/L (100-% of control values) was also calculated.

30 [0274]
[Test 2]
JAK2 activity inhibitory effects of test compounds were evaluated by the following kinase
reactions.
In the kinase reactions, fused proteins (6His tag-fused hJAK2 kinase domain (aa808-end))
35 which were coexpressed in Sf21 cells and purified by Ni2+/NTA agarose were used. The kinase

reactions were initiated by the addition of the following solutions of (a) to (c) to 96-well half-area white
plates (plates, Coming Incorporated 3642).
[0275]
(a) 5 pmol/L TK substrate-biotin (cisbio) diluted by kinase buffer (50 mmol/L 4-(2-hydroxyethyl)-
40 1-piperazineethanesulfonic acid (pH 7.0)), 0.02% sodium azide, 0.1 mmol/L sodium vanadate, 5
mmol/L magnesium chloride, 1 mmol/L dithiothreitol, 0.01% bovine serum albumin), 100 umol/L ATP,
250 nmol/L Supplement Enzymatic buffer (cisbio) solution: 10 puL/well
(b) Test-article solution prepared by using kinase buffer containing 5% dimethylsulfoxide: 10
pL/well _
45 (¢)  7ng/mL hJAK2 enzyme diluted by kinase buffer: 30 pL/well
[0276] A well in which ATP was not added was set out as a blank well.
Plates were et stand at room temperature for 10 minutes from starting reactions.
To the plates were added 50 ul/well of a buffer for detection containing TK-Antibody-Cryptate
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[0279] The following Tables 5 to 7 show JAK3

% i nhi bition data of Conpounds 1 to 95. [0280]

each wel | ..
val ues of 2 doses before as
val ue of a solvent control
activity inhibition data or
15[ Tabl e 5-1] Conpound No.



JAK3 1C50 (uM % Inhibition 1 0.0034 2 0.0047 3 0.010 4 0.0051 5 0.0040
6 0.0071 7 0.0058 8, 0.73 9 94 (0.1 uM 10 28 (0.1 uM 11 38 (0.1
uM 12 46 (0.1 uM 13 26 (1 uM 14 0.0@§ 15 0.0071

[Table 5-2]
21 0.021
22 (11?\4)
23 0.014
24 0.13
25 - 0.23
26 0.012
27 0.088
28 0.13
29 0.047
30 0.58
31 0.046
32 0.49
33 0.48
34 0.036
35 0.53
36 0.15
37 0.0033
38 0.15
39 0.12
40 0.14
41 0.090




16 0.058 17 0.087 18 0.41 19 0.40 20 0.10

30 (1 11M 2?3 0.014 24 0.13

106 Table 5-2] 21 0.021 T)

-)5 0.23 26 0.012 27 0.088 28 0.13 29

0.047 30 0.58 31 0.046 107
. [Table 5-3]
42 0.10
43 0.040
44 0.067
45 0.27
46 0.27
47 0.11
48 0.17
49 0.092
50 0.23
51 41
(1'uM)
52 0.010
53 0.056
54 0.0059
55 0.0066
56 . 0.0068
57 0.037
58 0.031
59 0.038
60 0.014
61 0.65
62 0.13




32 0.49 33 0.48 34 0.036 35 0.53 36 0'. 15 37 0.0033 38 0.15 39 0.12
40 0.14 41 0.090 107 [Table 5-3 42 0.10 43 0.040 44 0.067 45 0.27 46

0.27 47 0.11 108
[Table 5-4]
63 0.24
64 0.18
65 0.19
66 0.011
67 0.24
68 0.28
69 0.32
70 0.30
71 0.25
72 0.15
73 0.073
74 0.18
3 (1 &M)
76 0.76
77 0.048
78 0.15
[ (1181\4)
80 0.10
81 0.46
82 0.013
83 0.25




48 0.17 49 0.092 50 O.
0.0066 56 0.0068 57 O.
108 [Table 5-4 63 0. 24

[Table 5-5]

23 51 41 (1 uM 52 0.010 53 0.056 54 0.0059 55

037 58 0.031

59 0.038 60 0.014 61 0.65 62 0.13
109

84 0.014
85 0.57
86 0.45
39

87 (1 uM)
88 0.032
89 8.6
90 0.55

[0281]

[Table 6]

JAK3 0 o
Compound No. 1C50 (uM) % Inhibition
42
o1 (1 uM)
92 0.33
93 0.11
5 [0282]
[Table 7]
JAK3 0 o
Compound No. 1C50 (uM) % Inhibition

94 0.35
95 0.078

.[0283] The following Table 8 shows JAK?2 activity inhibition data or % inhibition data of Compounds

1to 7.
10 [0284]
[Table 8]

Compound No.

JAK2
IC50 (uM)

% Inhibition

0.0010

0.0017

0.0022

0.0017

0.0019

.0.0021

S I I N LV T B S BRVS I B

0.0047

[0285]



64 0.18 65 0.19 66 0.011 67 0.24 68 0.28 69 0.32 .70 0.30 71 0.25 72
0.15 73 0.073 74 0.18 75 1(1uM 76 0.76 77 0.048 78 0.15 79 38 (1

uM 80 0. 10 110

[Formulations]
The formulation examples of the present invention include the following formulatlons
However, the present invention is not intended to be limited thereto.

5 Formulation 1 (Preparation of Capsule)
1) Compound 1 30 mg
2) Microcrystalline cellulose 10 mg
3) Lactose _ 19 mg
4) Magnesium stearate ' 1 mg
10 1), 2), 3) and 4) are mixed to fill in a gelatin capsule.
[0286]
Formulation 2 (Preparation of Tablet)
1) Compound 1 10 g
2) Lactose 50g
15 3) Comnstarch 15¢
4) Carmellose calcium ' 44 g
5) Magnesium stearate 1g

The whole amount of 1), 2) and 3) and 30 g of 4) are combined with water, dried in vacuo, and
then granulated. The resulting granules are mixed with 14 g of 4) and 1 g of 5), and tabletted by a

20 tableting machine. Then, 1000 tablets wherein Compound 1 (10 mg) is comprised in each tablet are

obtained.

INDUSTRIAL APPLICABILITY

[0287] The present invention is useful for the treatment or prevention of:

(a) organ transplant rejection, graft versus host reaction after transplantation;

25 (b) autoimmune diseases including rheumatoid arthritis, psoriasis, psoriatic arthritis, multiple
sclerosis, ulcerative colitis, Crohn’s disease, systemic lupus erythematosus, type I diabetes, myasthenia
gravis, Castleman’s disease, juvenile idiopathic arthritis, dry eye; and
(c) allergic diseases including asthma, atopic dermatitis, rhinitis, etc.. The present invention is also
useful for the treatment or prevention of chronic myeloproliferative diseases including polycythemia

30 vera, primary myelofibrosis, essential thrombocythemia, etc..



81 0.46 82 0.013 83 0.25 109 [Table 5-5] 84 0.014 85 0.57 86 0.45 87
39 (1 uM 88 0.032 89 8.6 90 0.55 [0281] [Table 6] Compound No. JAK3
1C50 (UM % Inhibition 91 42 (1 uM 92-1,9.33 93 0.11

CLAIMS
1. A compound of the fol]owing general formula [I]:
[Chemical Formula 1]
(Ra)m
(R%)nz mi( }
mZ(\\ N
\
SR
N
a
P
- /
NT R
5 [

wherein R® is the same or different and each:
(1) Cy4alkyl, or
(2) halogen atom,
nl is an integer selected from O to 4,
10 R’ is the same or different and each:
(1) Calkyl, or
(2) halogen atom,
n2 is an integer selected from 0 to 4,
ml is an integer selected from-0 to 3,
15 m2 is an integer selected from 1 to 4,
X=X is:
(1) CH=CH,
(2) N=CH, or -
(3) CH=N,:
20 X is:
(1) nitrogen atom, or
(2) C-R? wherein R? is hydrogen atom or halogen atom,
RF is a group selected from the following (1) to (6):
(1) hydrogen atom, _
25 (2) Ci, alkyl optionally substituted by the same or different 1 to 5 substituents selected from the
following Group A,
(3) -C(=0)-R%,
(4) -C(=0)-0-R%,
(5) -C(=0)-NR“R**
30 in which R®!, R%, R®® and R** are the same or different and each:
(i) hydrogen atom, or
(11) C,, alkyl optionally substituted by the same or different 1 to 5 substituents selected from the
following Group A, or
_ (6) a group of formula:
35 [Chemical Formula 2]



5[0282] [Table 7] Conpound No. JAK3 1C50 (uM % Inhibition 94 0.35 95

0. 078 [0283] The followi ng Table 8 shows JAK2 activity inhibition data or
% i nhi bition data of Conpounds 1 to 7. 1{[,0284] [Table 8] Conpound No. JAK2
| C50 (uM % Inhibition 1 0.0010 2 0.0017 3 0.0022 4 0.0017 5 0.0019 6
0.0021 7 0.004 110 [ Formul ati ons] The formul ati on exanpl es of
the present } ion include the follow ng fornulations. However, the
present i Mid is not intended to be |imted thereto. 5Formnulation 1
(Preparat/ I on o ESUl e) 1) Compound 130 mg 2) Mcrocrystalline

cel lul 0se10 ng 3) ( &t 0se19 ngy 4) Ivagne5| um stearatel ng 101), 2), 3) and

4) are mu?(\gﬂcﬁ g 1fs Ialglroulp rs]elgf:t%efloar'r} tIhQ fo(ilel ing (e) to E111)286]
(i) C,alkylene,
(i) -C(=0)-, or
5 (iii) -C(=0)-0-,
Ring T is:
(1) Ce.p aryl,
(i1) Cs. cycloalkyl, or
(iii) saturated monoheterocyclyl wherein the saturated monoheterocyclyl comprises 1 to 4 heteroatoms
10 selected from nitrogen atom, oxygen atom or sulfur atom as well as carbon atoms and the number of the
constituent ring atoms is 3 to 7,
R is the same or different and each: -
(i) cyano, or
(i) nitro,
15 p is an integer selected from O to 4,
Group A is the group consisting of:
(a) hydroxyl,
(b) C,, alkoxy,
(c) cyano,
20 (d) C,.¢ alkoxycarbonyl,
(e) C,.¢ alkylcarbonyloxy, and
(f) Co alkenyloxy, or a pharmaceutically acceptable salt thereof, or a solvate thereof.

2. The compound as claimed in claim 1, wherein, in the general formula [I], n1 is an 1nteger
selected from 0 to 2,
25 n2 is an integer selected from O to 2,

ml is an integer selected from 0 to 3,
m?2 is an integer selected from 1 to 3,
X is:
(1) nitrogen atom, or
30 (2) C-R° wherein R%is halogen atom,
R° is a group selected from the following (1) to (6):
(1) hydrogen atom,
(2) Ci alkyl substituted by one substituent selected from the following Group A,
(3) -C(=0)-R%,
35 (4 -C(=O)-O-R°2,
(5) -C(=0)-NR“R*
in which R° is C;.¢ alkyl optionally substituted by one substituent selected from the followmg Group A,
R% is C,.¢ alkyl,
: R® is C,¢ alkyl optionally substituted by one substituent selected from the following Group A,
40 R is
(i) hydrogen atom, or
(i) C,¢alkyl, or
(6) a group of formula:



Formul ation 2 (Preparation of Tablet) 1) Conpound 110 g 2) Lactose50 g
153) Constarchl5 g 4) Carnellose calciund4 g 5) Magnhesium stearatel g

The whol e anount of 1), 2) and 3) and 30;g of 4) are conbined with water,
dried in vacuo, and then granul at ed. The resultlng granul es are m xed mnth
14 g of 4) and 1 g of 5), and tabletted by a 20tabl eti ng machi ne. Then,
1000 tab[@h@ﬁwhémemh3¢onpound 1 (10 ng) is conprised in each tablet are
obt ai ned. | NP | AL APPLI CABI LI TY [0287] The present invention is useful
for the trnegtngnt)or prevention of: (a)organ transplant rejection, graft
versus hoht on after transplantation; 25(b)autoi nmune di seases

i ncl udi ng rhe tnR@h@rthritis psoriasis, psoriatic arthritis, multiple

scler03|s | cerative cqoliti di.seas systenm c Iupus

eryt herrat’)gsﬁ%h 9t§6§ﬁ“p8?q%%e&%°§n gﬁ@@%ﬁ”&" ngw s, Castleman's disease,
juveni | e@ dioplyii%e arthritis, dry eye; and (c)al ler gi ¢ di seases including
ast hita, &ofi@Obermatitis, rhinitis, etc.. The present invention is also
useful f or) tGE0)Ceat nent or preventi on of chronic myeloproliferative

di seases i ncl ®ihiggispol ycyt hemi a 30vera, primary nyel ofi brosis, essenti al
t hr onbocyiy haedyh, etc. 111 CLAIMS 1. A conmpound of the follow ng general

forrrula[,k)]qc gm}qatjr Formula 1] (Ra)nl Xa X s'"? 1l 5[1] wherein Ra is
t he jgane g g¢nt and each: (1) C1_6 alkyl, or (2) halogen atom
nl |ls an(ll ?np

%\ar gél ected fromO to 4, 10le is the same or different and
each: (1) Cl kyI or (2) hal ogen atom n2 is an integer selected fromO
to 4, () £yapg, 9 nteger selected fromO to 3, 15n2 is an integer selected
from1 t§1)4mtr9<a Xb is: (1) CH=CH, (2) N=CH, or (3) CH=N, .70X is: (1)
ni t rogen at onp ioan ifteger SlReedimer @pnl,Rd i s hydrogen at om or hal ogen at om
It.'15is a groGouwpe reiegdoproamidtig of:ol | owing (1) to (6): (1) hydrogen atom
25(2) Cl(H mwldkyll, optional ly substituted by the sanme or different 1 to 5
substitU@gt@m%gJO%cted fromthe following Goup A (3) -C(=0-R, (4)
- &(=0) - 0¢dy Gano,

(d) C,. alkoxycarbonyl,

20 (e) C,. alkylcarbonyloxy, and
() C,, alkenyloxy, or a pharmaceutically acceptable salt thereof, or a solvate thereof,

3. The compound as claimed in either one of claim 1 or 2, wherein m1 is an integer of 0 or 1 and
m?2 is an integer of 1 or 2, or a pharmaceutically acceptable salt thereof, or a solvate thereof.
, 4. The compound as claimed in claim 3, wherein a combination of (m1,m?2) is (1,2), which is a
25  compound of the general formula [II}:
~ [Chemical Formula 4]
(Ra)m
(R \’>
X
L N
\
N R®
Xa
D
~ /
N
NT R

[I1]
wherein each symbol has the same meaning as defined in claim 1, or a pharmaceutically acceptable salt
thereof, or a solvate thereof.
30 5. The compound as claimed in claim 3, wherein a combination of (m1,m2) is (0,2), which is a
compound of the general formula [III]: :
[Chemical Formula 5]



(5) -C(=0)-NR' 3R 4 30in which W, R 2, Rc3 and le are the same or different
and each: (i) hydrogen atom or (ii) C1_6 alkyl optionally substituted by
the sane or different 1 to 5 substituentis4sel ected fromthe follow ng G oup
A, or (6) a group of formula: 35[Chem cat "Fornula 2] 112 (RC5)p in which
Ya is a group selected fromthe following (i) to (iii): (1) C1.6

al kyl ene, (||)Rﬁg—0) or 5(iii) -¢(=0)-0-, Ring Tis: (0 C6-10 aryl, (10
C3_10 cy aI I cyI (iii) saturated nonoheterocyclyl wherein the
saturate gﬁ —Iocyclyl conprises 1 to-4 -heteroatons 10sel ected from

ni trogen atofm oXydkn atom or sul fur atom as wel | as carbon atoms and the
nunber of the_consti Rient ring atons is 3to 7, RCSis the sane or

di fferent and ®ach: (i) cyano, or (ii) nitro, 15p is an integer selected
fromO to 4, oup is the group consisting of: (a) hydroxyl, (b) ClL..6
al koxy, (c) Xyanm >§0 d) C1..6 al koxycarbonyl, (e) Cl..6 allcyl carbonyl oxy,
and (0 C2_6 dl kenyl y, or a pharmaceutically accept abI e salt thereof, or a
sol vat e t heredfi” ZNThe conmpound as clained in claiml, wher ei n, in t he
general formula [I]H, nl is an integer selected fromO to 2, 25n2 is an

i nteger select@d]fromO to 2, m is an integer selected from gotg 3C gg IS
an intege seletedfr0m1t03 nltrogen tom or -

wher ei ngﬁ@m*g < 30 B ope bt o5 e LI ot TR B A ehRG St )
to (6): g Jeo }‘f_ﬂ?%‘@ﬁ%ﬁ’é‘?ﬁ (2) ClL 6 alkyl substituted by one substituent

sel ect ed®f r omIhheonfpondnasictrimed ip gJainA3, WIBYein Loniinaion of BB (D) is (O(15Yhid-iFA 2,

(5) ->C(=6mpdReddAhd genedal okmia [IVils C1. 6 al kyl optionally substituted by one
subst i t ugttemseal Beined 6from t he followng Goup AL Rc2 is ClL.6 alkyl, R3 is
Cl_6 al kyl rptjonally substituted by one substituent selected fromthe
follown é:‘r R_A 40Rca is (i) hydrogen atom or (ii) C1_6 alkyl, or (6) a
group of 'Rd zrh&:aN 113 [Chemcal Formula 3] (Rc5)p

RC

.

N
Xa
- /
N
N"
[1V]

wherein each symbol has the same meaning as defined in claim 1, or a pharmaceutically acceptable salt
thereof, or a solvate thereof. '

10 7. The compound as claimed in either one of claim 1 or 2, wherein a combination of (m1,m2) is
selected from (0,3), (2,1), (2,2) or (3,2), or a pharmaceutically acceptable salt thereof, or a solvate
thereof. .

8. The compound as claimed in any one of claims 1 to 7, wherein X*=X" is CH=CH and X is
nitrogen atom, or a pharmaceutically acceptable salt thereof, or a solvate thereof.

15 9. The compound as claimed in either one of claim 1 or 2, wherein a combination of (nl ,n2) 18
(0,0), or a pharmaceutically acceptable salt thereof, or a solvate thereof.

10. The compound as claimed in either one of claim 1 or 2, wherein a combination of (nl,n2) is
(1,0), or a pharmaceutically acceptable salt thereof, or a solvate thereof.
11. The compound as claimed in either one of claim 1 or 2, wherein a combination of (nl,n2)1s

20 (0,1), or a pharmaceutically acceptable salt thereof, or a solvate thereof.

12. The compound as claimed in either one of claim 1 or 2, wherein a combination of (nl,n2) is
(2,0), or a pharmaceutically acceptable salt thereof, or a solvate thereof.
13. The compound as claimed in either one of claim 1 or 2, wherein a combination of (nl,n2)is
(0,2), or a pharmaceutically acceptable salt thereof, or a solvate thereof.
25 14. The compound as claimed in either one of claim 10 or 12, wherein R® is methyl or fluorine

" atom, or a pharmaceutically acceptable salt thereof, or a solvate thereof.
15. The compound as claimed in any one of claims 1 to 14, wherein R® is -C(=0)-R®', or a
pharmaceutically acceptable salt thereof, or a solvate thereof.



in which Ya is a group selected fromthe following (i) to (iii): (i) Cl_6
al kylene, 5(ii) -C(=0)-, or (iii) -C(=0)-0-, Rng Tis: (i) phenyl, (ii)
C3_6 cycloallcyl, or 10(iii) pyrrolidiny s le is (i) cyano, or .(ii) nitro,
pis an integer selected fromO or 1, 15Goup A is the group consisting of:
(a) hydroxyl, (b) C1_6 al koxy, (c) cyano, (d) Cl.6 al koxycarbonyl, 20(e)
Cl_6 all ayl carTlhenmhmxryld agtlaime@inCRird 14 wderymh RXys C,Qralkgl @bﬁﬁﬂ&t@ﬂﬂe&@hﬂoﬂyl or
accept ablcgansairdu tmr;fhﬁlfmacﬁﬁlcﬁlysa@éeﬁﬁmg shiN@ERSA or a sBivattiRr&@MPound as cl ai med
in eitherjyone 9 c&hgduth s Qkimed m%?[)x?e'd}‘cmmé Ptodl, Jvl[fgrggﬁrlsoﬁfl([—% (NRc c‘aglda ng is
an integ Eargqfa%%tlggﬁlx ﬁ{abl@sgnﬂgr c?r‘étsbfvgte N &;cept abl-e salt thereof, or a

sol vat e ere cl rein a- .
conb?snatl 8n of Pf ﬁ?m?ﬂ?)“d fi‘c’s‘S 1”@% ﬁz:h }leée"h n(a @‘Mﬂ%‘ﬁg’%’l{“t?‘ﬁ@ YETEg18OuP;
fornul a [aPﬂ‘ liwwwrapieﬁnﬁﬁﬂeaﬂ%ﬁly ToreDtaple S(amsf)er@f 9 p Fqlyatehereesi n each synbol
has the ddme rdandmppuad asidfimpen clamm ¢ selegtedifrorn thedolpvanghemistl strattimgl formula:
accept abl{€hsstd Folneile?}f , or a sol vate thereof. 305. The conpound as cl ai med
in claim3, wherein a conbiHg@tion of (m1 ,nR) (0,2),vvhi-|9chisa

conmpound of t general fornu [111]: [He@ r\JFor mul a 5] (Ra) nl
(Rb)n2-- - Nwherelne oI has t hel sal ing as edln
claimil, 4r eutchI ables N~ t hef eo N, OF

t her eof . NThe onpo rmd as ¢l ai rred |h,\pl aim3 vvherel n "é conanat OOn

(m, ) % whi ch i 5¢cqnpound of t e ral forwl%

[Chem cal||Fo a 6] Il I Xb [1V] i each sy a¥t he sane
nmeani ng a efNned in cl :%!m Rr a phar rracedh c{p}'l ly accept

thereof, or a Yolvate thereof. 107. The conpound. as clainmed in either one of
claim1l org(}z wherein a conbipation of (m ,n2) is selected from (0, 3),

(2,1), (3,2), or aF_ghar maceut i call\'j tabl e salt eof . o a
sol vate W f, 8. The conpound hs cl ai ned i ne of clai g 7,
wher ei n =X WCH and

\\ AX_F 77/\\

N
o
N™ N7 N/
\ N - N\
Iﬁ @3 ﬁ k\'
N~ N _ N N7 N
H N H

10 [Chemlcal Formula 8]

\\ : N czf—\ N O)\NH
ﬁQ G ﬁﬁ ) @3 N
o d3 53 5
N o/>_\
'ﬁﬁ ; t )ﬁﬁ . U

IZ/O
=

~—N
N OE \\
\N
TN
Py
NN

or a pharmaceutically acceptable salt thereof, or a solvate thereof.

20. The compound as claimed in claim 1 selected from the following chemical structural formula:
[Chemical Formuta 9]



nitrogen atom or a pharmaceutically acceptable salt thereof, or a solvate
t hereof. 159. The conpound as clainmed in either one of claiml1 or 2, wherein
a conbination of (nl,n2) is (0,0), or a ppharnmaceutically acceptable salt
thereof, or a solvate thereof 10. The conpound as clainmed in either one of
claim1 or 2, wherein a conbination of (nl, n2) is (1,0), or a

pharnaceuﬂh@ally accept abl eH;6gl t t hereof, a | vat e thereofF 11. The
conmpound as ctafgnmed in elther of claim mhereln &F i nation of
(nl,n2) ig%0 Nl) or ap utlcallynigée t sal t th@n or a
solvate t her The ¢ np nd cl ai hekxone 2,
wherein a cMnbln tlon§ f (n n2) ), arna @utlc cce bIe
sal t thereo S or a solvate t ereof 1 ound as clai In either
one of cl 2, Wwhere |nat|onL$f n2) is (Oy a

phar maceut] acceptabl her eof vaate t her gof _251A4. The
compound asN clamned in eitheY oﬂ% of cIa|n110 orf12, wherein M a Ns nEthyI
or fluorine atom or a pharmaceutically acceptable salt thereof, a

sol vate thereofg 15. The cogpound as clained in any one of chqins 1 to 14,
wherein It fs/-C(=0)-Rci, pharnaceutlcall a ceptable t her eof

or a sol vatey} heyeof. 115 _njhe conpoun |ned in (mi5,
wherein Rd is 6 al kyl E?t.t by one ox cyano gr or a
phar maceut y eptable ﬁbﬁﬁ?ﬁp e ther .
conpound as i \( any o e of)clalﬁt 1 to 14 e|n Rd |s 0 N
-C(=0)-NR or %Nphar ally accepﬁ \\al ther

sol vat e t higr egf . N\ 18. The cquo nddas cl ai me i im1l7, Wgw in tcS is
C _6 al kyl Ntuted by ong~T ﬁno group, and IeHls hydrog

pharnaceutlcalIi*acceptable salt "thereof, or a solvate thereof. Ib The
conpound [gBeraicalifemaild Hlcl ai m | sel ected fromthe fol | owi ng cheni cal

structuraHﬁQprnula [ Cheni cal rmul a 7] -1/ CEIBH3C\ H3C NN N- a
pharnaceutl accept abl t her eof, oF—g—sol vate thereoff The
conpound d in claimi ted fropeai follow ng c \
structura Chem Fot/mul a\ 9] ]Eéli NOr N
or a phar eutl al | Naccep abl e sal t N her eof; a vate t reoﬁr_%b
"phar maceut igal __conposi ti oR; rising the c npound as clained_in ny
of clains1Y or a phb& etically actegpr \ salt ther o?\
- solvate tkqi N and a pharmacdhtlcally acig carrier. nus
ki nase inhi'bitdt, conprising the conpound as cIaHned in any oﬁb ofH clainms 1

to 20 or a pharnaceutlcally acceptabl e salt thereof, or a solvate thereof
1023. The q§ﬂus ki nase inhibitor_as clainmedyid cl ai m 22, mheQ@én the Janus
ki nase is _kinase 3. 24 [The Janus | ci |nh|b|tor ad imed in

claim 22, _ Il : wa N
N ZT/\§$N N d%“‘\ N ZT/\§$N N ZT/\\SN
\

\
lN/ N kN/ N l/ N l/

H H N" or N

Tz -

or a pharmaceutically acceptable salt thereof, or a solvate thereof.
5 21. A pharmaceutical composition, comprising the compound as claimed in any one of claims 1 to

20 or a pharmaceutically acceptable salt thereof, or a solvate thereof, and a pharmaceutically acceptable
carrier.

22. A Janus kinase inhibitor, comprising the compound as claimed in any one of claims 1 to 20 or a
pharmaceutically acceptable salt thereof, or a solvate thereof.

10 23, The Janus kinase inhibitor as claimed in claim 22, wherein the Janus kinase is Janus kinase 3.
24, The Janus kinase inhibitor as claimed in claim 22, wherein the Janus kinase is Janus kinase 2.
25. A therapeutic or preventive agent for a disease selected from the group consisting of organ

transplant rejection, graft versus host reaction after transplantation, autoimmune disease, allergic
disease and chronic myeloproliferative disease, comprising the compound as claimed in any one of
15 claims 1 to 20 or a pharmaceutically acceptable salt thereof, or a solvate thereof.



25. A therapeutic or preventive agent for a disease selected fromthe group
consisting of organ transplant rejection, graft versus host reaction after
transpl antati on, autoi mune di sease, allﬁ@gic di sease and chronic

nyel oproliferative di sease, conprising t conpound as clained in any one
of 15clains 1 to 20 or a pharnmaceutically acceptable salt thereof, or a

sol vat e tager e therhgeltic 31Q)re\/%nﬁ\t'é%rg@@¢él'trh&1nﬁfoup£rﬁl\ﬁ%§]tcb?ﬁSnﬁi%at'HE c&ﬂfouﬁ&"%%@d d
arthriti sy aGQ¥eY Bfé!ilﬂlg 148 &%@M@exﬁ%alfy‘ aatdPhaflelsht ﬁilgr)éop sQ) vafe! tﬁéré@ 20

or a pharzr'face%éhgé ch a% rﬁ? 55 S5 c%m’pn?m ecom oun scri| 0 A
i e

cl ai med i
t her eof , 2§r a%o‘l"?‘h‘?‘b foh elpkiptting 5 dqpugp lﬁmsnocpomrxsmmmdmwstprglg anus kiamask,a

conpri si mharadeduticaily effiectiye tamoantnefithralcomppind rasataiti¢d thaddyyoref dfetdimy e @rmousita of
t he conpolfthasmticdlifiabRptablesatieredfeor@fsowhi@iti¥eot t0o 20 or a phar maceutical l'y

accept ablyg Salﬁe%@x@@golalﬂéd f'i”lc‘i;af?lln\bgt\ﬂle%?x?{h%% s%%aseﬂqﬁn ;as claimed in

claim 283 wher.ein @ng arxlx%sd ?g R‘ z f nmet hod as
cl ai in el aim gt fher erht aém r?? §sEW nﬁsﬁl’ﬂfr@‘kﬁ .10 31. A
met Hdd f3r1 t r eafiefhigd §or FRERE AT PrRyCHing asdisrate selacisd (e fhcosmm@ngl.smoof organ
consi st i rignwianh FgecHon r 21 prrsng hesl ré@ttlpmmftegﬁramwlavtehws&ummurreeémas@mllafgncer
transpl ardusaases)mndacitrmnmmylmpiblsfease: dideh @ giotnpelbife asdnsiniadfingC 6 ORI fammal a

myel opr 0|ph£rﬁfa@5uhééﬂ£@ff§&ﬁ§ &moBRANGH ths i-Hg mag'cﬁgrﬁéd 4%y Qon@ d?‘%mﬁi 1%0 20 or a

phar maceyhlgaldfcAl LEEhbHE AR G LG GRARPUNT as clalmed in any one of
rmaceut 1 cal ‘-E’Q;léc}l, alt thereof, or. a solvate

cl ai lrgs 1 % metho fh t

t her €of . 1532 AA rng} AT F5Pune %raf’feﬁaXIB‘? ‘E iPHBSh SOMRE ST 2diPinitiering g0 2
conpri si MgmRekR Aharmagepticglly effectivmamennt of theeqmreued asi aamed ingany eng ofeiimnb 0 of
t he conpouoaghawacchtaipatceptabiasalt theecofifor e kavawsthdresfo 20 or a pharmaceutical ly
accept abl3e. salA niethod efof frefiing orSgreventify phRfage)f comprlg’l%g aﬁmﬁfﬁﬁélﬂﬁ tf00£ k@ 1 19
or pr everﬁhﬁrﬂﬁceﬂﬁ&ﬁl %%cc?we GRISRA §f‘ L) c@rg uil Sib %raﬁxﬁ'%i 2 (&E% it 1 to 20 or a

pharjrace ect.| & any ‘one of
cl aljr;;:1 1 %@é}sgcaﬁéa% ?13{6 Sr?gt(r:{geﬁ? oélalsow%tﬁﬁ’g[%gbl e salt thereof, or a

sol vat e l3ﬁer eote °§ Bt 2% %!mﬁ‘é)lﬁ?@ﬁ qae afclaimg ! (g prp H&Wﬂ%‘ﬁ‘élcéﬁy FEreptable 1
to 20 or sat T;?Prﬁ?fm@éelvﬁféﬁereyf@db@m@@tﬁﬂc@r@aﬂatJaNséfﬁr@Eﬁfmhlbttora sol vat e t her eof

i n the mdAuf adhense aptlaimed dmelsimkidnak@ein itk Jaits &inase is Janbs kifdze 3use as cl ai ned
in claimd4, vwhetRiahchitRddPEsmh 3 FESEnik HARUakd IDRSEs Bnase 2. 36 The use as
cl a'2r§Ed '35‘ cl Q‘Jsgb{?’tﬁc c%ﬂ%{n? & ctlznl%ed] ﬂl%? bg&acsf:ﬁmk ? _1[6] ?dqc'ijrza(#ﬁapn?‘ascgutlcally accepta"g?e

of the cq al

phar maceu%ﬂ)ggrle? yor { 58 e Btfén%feé’ £ t?’l'f X‘FW&?‘:&B? OP"O I BAIRG PRI vepting g lisease
manuf act SFECIEk fram e iskQuResonsistng ofr egen ﬁrgn%}anbreevému gaft vershs bost geastipe efterd
f r om t he trgnsplaptatiom sitsimimuge difease, ghergic daeaspd ad throsi eytlopro)ifegptiaé tisasgg. SUS host
react i on3af t elUst bAhs ingohid Aslimad! inin{TBHA6f JHISEASE20 & d PhafhRedicABARES ta%ﬂzd
chr api ¢ @Me mpsz)pl drfaeeatdte/ heflioB 8RR mamiact &f meliCafi eﬂgaél% o' i Jl%’n

any one or a pharmaceutically acceptab sal t t ere

or asolv & $§F|nth$ rrqnuf cture of glcament for treating
preventin GOBPUAP A1 %‘me By Oeof a“i“% o8 8 RhrImacsuqally ﬁ@eptabie any
one of cP&f %w‘i ¥ solyaip fherpopmdhgmansactueaef amesicament fey teeating ar pravertimgfsorigpis.a
sol vate thereof in the manufacture of a medi canent for treating or
preventing psoriasis.



