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| M DAZOTHI AZCOLE DERI VATI VES HAVI NG PROLI NE RI NG STRUCTURE [ Techni cal Fi el d]
The present invention relates to a conpound having a proline ring structure
having anti-tunor activity by inhibittoh of nurine double n“‘mmm\‘mlm‘mmﬂ)

or a salt thereof. [Background Art] p53 is known as an '
factor for inhibiting canceration of cells. p53 is a transcripthensef actor_

that inducegdhg,&ExPhess o g98esd nvol ved in the cell-cycle and

cellular apoptosis I n response to various stresses. p53 is thought to

i nhi bit canger@atd ¥ ofnwesid oy ARSI Rid0n Brgty 2t 1 vigs fetnon
thereof. In fact, deletion or nutation of the p53 gene is observed in about
hal f of hurEROICANT (I NRAFERUCTURE Meanwhi | e, over expression of nurine double
mnute 2 (MinR), a type of E3 ubiquitin ligase, is known as a factor for
cancer at i on[Tdcloeldasl thiatldlre cancerated in spite of the presence of nornal
p53. MIn2 is a protein of which expression is induced by p53. Min2

negati vel y regulTateprps3ny imyengtiong redgrtadatticon cfomgsdingy Nsividiong to t he
transcription activity domain of p53 to decrease the transcription activity
of p53, exptidthiimf pERDREBICEHE MRV B, 2k FUre hetClattihy g a '

ubi quitinatiaqn |jgase agai nst p53. Therefore, it i hought t hat

i nactivati olrpqrblfblf i sf“‘“bli‘”hegd?%ead‘é]tr?%ﬁoﬁf H\i‘s@“éﬁ eorg a salt

1111111111 ]%1111&111111110101111 *@00002* 2 pronoted in cells in which
1

MIn2 is ove exrperoes'sed, resulting in canceration (Non Patent Docunent 1).

Paying attemtion unctions of MiIn2, many approaches have been
attenpt ed u[rs]%éng %ﬁfﬁ%&e@ that inhibit the suppression of p53 functions by

Min2, as candi dafse ant ikmiyaDh sAgeN S R €% Aot e Mind, siihishif or s
targeting the n2-p53 binding site have been reported, which include

i m dazol i ne-gerd vati e had s t Wb 51 tes Subsdhd et Bsk Wi he hat ogenobenzene
(for exanple, refer to Non Patent Docunents 1 and 2 and Patent Docunents 1
to 8) and iifidlazed hitez o hedd Mat | e Sy drays Nohddbvsd t s shbséétuted with
hal ogenobenzene (for exanple, refer to Patent Docunment 9). However, no
report has demomsindtadl Thiatr tdreset congp oumndse sioenuse | yo shaawedugf fi cacy in
clinical [Gtation list] [Patent Document] practice. [Patent Docunment 1]
W2003/ 51355 [gegeht  Mrunehtt Jughvip 200 3751860t [ Faresra Docunehtcs}ls

W2005/ 3097 o _
by a transcription regulating function thereof. In fact,

deletion or mutation of the p53 gene ;s observed in about
half of human cancer cases.

Meanwhile, overexpression of murine double ﬁinute 2
(Mdm2), a type of E3 ubiquitin ligase, is known as a
factor fqr canceration of cells that are cancerated in
spite of the presence of normal p53. Mdm2 is a protein
.0f which expression is induced by p53. Mdm2 negatively
regulafes p53 by mediating degradation of p53 by binding
to the transcription activity domain of p53 to decrease
the transcription activity of p53, exporting p53 out of
the nucleus, -and further acting és a ubiquitination
ligase against pb53. Therefore, it is thought that

inactivation of functions of and degradation of p53 are
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[ Patent Docunent 4] W)2005/2575 [Patent Docunent 5] W)2005/110996 [ Patent
Docunment 6] W2005/123691 [ Patent Docunent 7] W2007/63013 [ Patent
Docunent 8] W2008/ 125487 [ Patent Document 9] W2008/ 072655 [ Non Pat ent
Docunent | 3 -2 -

promoted in cells in which Mdm2 is overexpressed,
resulting in canceration (Non Patent Document 1). .

Paying attention to such functions of Mdm2, many
approaches have been attempted using substances that
inhibit the suppression of p53 functions by Mdm2, as
candidate anti—tumor agenfs. Examples of the Mdm2
inhibitors targeting the Mdm2-p53 binding site have been
reported, which include imidazoline derivatives having
two sites substituted with halogenobenzene (for example,
refer to Non Patent Documents 1 and 2 and Patent
Documents 1 to 8) and imidazothiazole derivatives having
two sites substituted with halogenobenzene (fof example,
refer to Patent Document 9). However, no repoft has -
demonstrated that.these compounds actually showed
efficacy in clinical practice.
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[ Non Pat ent Docunent 2] Proceedi ngs of the National Acadeny of Sciences of

the United States of Anmerica, 2006, 103, 1888-1893 [ Summary of I|nvention]

[ Problemto be solved by the invention] The present invention provides
a novel Min2 inhibiting conpound. Furthernore, the present invention

provi des an anti-tunor agent containing the MinR2 inhibiting conpound.

[ Means for Solving the Problem As a result of extensive studies, the

present inventors have found that npound havi ng a structure represented

by the foll ow néﬁ‘aéné’fa&lenﬁoPﬁﬁ|ua‘eP% %gr PEOsarAIrREr 86f thad Npétene Imine

i nhi bi t i tivi : |ished the t, tion.. M
Speci 1§ cal 5 AR BoCEHE AU Oh pr oVl BHC-S (A ot et Wit ed by

general forypd a1(ghg9rggk salt thereof: wherein Arl represents a phenyl
group whi ch may 1have one or nore substituents selected froma hal ogen atom
a cyano gr o, 0Pl group; 4 Ar2 represents a phenyl group
whi ch may have oné or nore substituents selected froma hal ogen atom a

Cl- C6 al kyl [ mopapm ad e GEINE QNBURh O drdWidlyl group which may have one
or nore substituents selected froma hal ogen atom a Cl1-C6 al kyl group, and
a cyano -group; Rher epeesent $nzgetich alrkyli dgsoup nekie¢chMamy have one or nore
substituents selected froma hal ogen atom a hydroxy group, a Cl-C6 al koxy
group, a caramoydingr sigmp@amdni rfomgrheumo e ,Ci-HE6 raddeaamdy |irgreoup,orand a
cyano group, a cl-c6 al kanoyl group which may have one or nore substituents
sel ect ed f R3RAVAded Ggerd rdtiorhume hydresdy GRmouwsnianaCthes Mimdoxy group, a

car banmoyl group,,.an anino group, and a cyano group, a hydrogen atom or a
hydr oxy grgﬁ%ﬁ&ﬁf%q%“ i ndependently represent a Cl1-C6 al kyl group

whi ch may have one or re substituents selected froma hal ogen atom a
hydr oxy gr %’l&anas éf—%ﬁg%m eotﬁf,Obaleé’;r banoyl group, an am no group, a

Cl- C6 al kanoyl - gr.oup a_cyan roup, ar bhox rou . or a hydrogen
atom or R2 andﬂﬁsgngﬁgpgéef)%ergxggrg%lg% Sgbl(églregﬂp?éh%rp Sﬁrrllg R3 t oget her

with the carRy af,ums 1o Wi n §,B§;~j'vly may forma
3- to 5- rre?‘oere sat ur at eﬁ% ﬁlﬁb%n%n%oq}r{?ea plt[{rgo%orS con g%seepl form
R4 1epresents @ Ght@ &l KWhadrup shinkh Jue ave Qngf for e, substituents
sel ected from a hal ogen "atom a hydroxXy group, a Cl-C6 al koxy group, a

car banoyl @EQup.t Tl M EdHanta Mdeb Ghraldianey] atautanth@ cyano
group; RS represents a Cl-Co al kyl group which may have one or nore

substi t uentasscoelpddtste o rodma predecogen nateomicn . .hydroxy 5 group, a 01-06

al koxy group, a .carbanoyl group, an am no group, a Cl-C6 al kanoyl group,
and a cyandlogreowpe RE rasprleserithe @ realergen rateorhiam prdowdrdegen at om and R7

represents a hal ogen atom [2] A conpound represented by general fornula
(2) or a sdllt] t Refeppound represented by -general formula (1) or a

salt thereof:

(D

wherein
- Ar; represents a phenyl group which may have one or more
substituents selected from a halogen atom, a cyano group,

and a C1-C¢ alkyl group;



wherein RL represents a Cl1-C6 al kyl group which nmay have one or nore
substituents selected froma hal ogen atom a hydroxy group, a G -C6 al koxy
group, a carbanoyl group, an am no group, a 01-06 al kanoyl group, and a
cyano group, a 01-C6 al kanoyl group whigh. may have one or nore substituents
selected froma hal ogen atom a hydroxy group, a 01-06 al koxy group, a

car banoyl group an am no group, and a cyano group, a hydrogen atom or a
hydr oxy grau R2 and R3 eacgl i ndependently represent a 01-06 al kyl group
whi ch may er&ﬁ’éeo“re“?fﬁré BUEEYiLt JERLE é“é]ilé:@t gaYf PGifca OREl GFeAdtom a

hyd 01-06 al , :
OE{ 06 al karojis %»Rtgwtsaﬁsoe Sl b, Nl T ae%?%,p@“g?migﬁty ?E’ ]
atom or 0 I : oget her
with the S%Jr]%n‘ﬂo ‘at or{r?;y ?%n&% g)ylglcgﬁp rou |ve %bor%leg may
forma 3- t0ps f@r@%ﬁ%éﬁé Léﬁﬁ&s@cdlé?)’é?{@&aéé@{]b{éc{‘ cﬂn & IO condensed

form R4 represents a Cl-C6 al kyl group wh ave one or- nore

substi t uents el agtqucfrggkal hgl-egen aham & QMgrgfgulgroup, a Cl-C6 al koxy
group, a car bal\/byl group, an am no group, }él C6™ al kanoyl group, and a

cyano groum' Reprepkesents ca-Cl-206dl kg/ﬂmgf ot arhingdy ek dhades agre or nore
substituents selected froma hal ogen atom a hydroxy group, a Cl-C6 al koxy

group, a cardaslbgridupntan saliewdagt aiypm a Cla 1yl kanoy,! agriogroand a
cyano group; R6 represents a hal ogen atomor a hydrogen atom and R7

represent s & hatogertiatene 1kp8y @rewppoandazbsnedi ngroepf 13noamf2d or a
salt thereof, wherein R is a Cl-C6 al kyl group, a Cl1-C6 al kanoyl group
whi ch may tiér%‘i}bstél turéd MErNoONE HFORBr e2RA| BgeraaP oBEOUP or 2aChydr ogen

atom [4] ound accord gto one otﬁ){) to or a salt t her eof
wherein R4 & Jg‘pbd‘k?y E'l'[%‘]e R0 d’lﬁf%c‘&# Hg'¢Sny one of
[1] to [4] Lolg) a Sa thereof

- | k 6] A
conpound repr esenet edfrb(§5n t%éj%lociqeow%tgor? Orahi}ydrox% ﬂraokl%’orfgo(ﬁlig:er eE)r ]esent ed
by the follp) afgorrdﬂ.% 9]a Garbam L}118] epdr:porrpqijrggm{)eaarqeirso nEg ed bc}/ t he

followngforrru Acorrpo €se ol 10w ng f or nul a:

[10] A compaung, rensgsent ed, i dde aftQJnll,O"&ﬁga f}ﬂ}'d?&%/ group;
Rz and R® each independeotly represent a C;-C¢ alkyl group
which may have one or more substituents selected from a
halogen atom, a hydroxy group, a.C1—C6 alkoxy group, a
carbamoyl group, an amino group, a C;-C¢ alkanoyl group,
and a cyano group, a carboxy group, -or a hydrogen atom,

. or R? and R® may together form an oxo group, or R® and R®
together with the carbon atoms to which R® and R?® are
respectively bonded may form a 3- to 5-membered saturated
hydrocarbon ring in a spiro or condensed form;

R? represents a C;-C¢ alkyl group whlch may have one or
more substituents selected from a halogen atom, a hydroxy
group, a C;-Cg¢ alkoxy group, a carbamoyl group, an amino
group, a C;-C¢ alkanoyl group, and a cyano group;

R®> represents a C;-Cg alkyl group which may have one or

more substituents selected from a halogen atom, a hydroxy



[ 11] An inhibitor of MIn2 conprising a conmpound according to any one of [1]
to [10] or a salt thereof. [12] An inhibitor of p53-MInR2 bi ndi ng
conprising a conmpound according to any one of [1] to [10] or a salt
thereof. 8 [13] A nedicanent conprisigg-a conpound according to any one
of [1] to [10] or a salt thereof as an active ingredient. [14] A
pharmaceuti cal conposition conprising a conpound according to any one of

[1] to [10] or .8 sglé t erﬁgf and_a pharnmaceuti cally acceptable.carrier.
[15] Use of 95°¢dhpound &ccor f(ngFSughyaoﬁgr AOPYT é&ouf’lofmo?méngalt

t her eof for . f act i.ca . Al i,cancer agent
conpri si ng %Eco g%nnéldl ggcg?g?ﬁ_éy?ogggygbgggg‘ a[ Lf%g{ng Pf%]ﬂbér a salt thereof
as an activgs i [=e) P | r, t ' I, Conpri sing
admi ni st eri%Gg ﬂﬁ%r?pegﬁr?d aagiaglo(%%r%%&(@grﬁ/pgneﬂﬁ%dﬁ% to 1’0]arg$-a sal t _
thereof. [HB]roNrendritcanRCealageM aceording to [16], wherein the cancer is
any selected fromlung cancer, breast cancer, prostate cancer, colon
cancer, acut2] meelginbdweik emipre seltighant dammhone;ofmalil ol jasdom,

neur obl astoma, and sarcoma. [19] A method for treating cancer according to
[17], wheresaltheheadeer is any selected fromlung cancer, breast cancer,
prostate cancer, colon cancer, acute nyeloid |eukem a, malignant |ynphons,
retinobl astoma, Reurobl gst gma, and sarcoma. [Advantages of the Invention]
The present €K td on ovijdes_a rbvel inidazothiazole derivative
represented by abo ~Norndl a (1), which has Min2 inhibiting
activity. Such v ’}% npo i Ruseful as an anti-tunor agent.

[ Descri ption of | nt@ ' n the p(rzesent i nvention, "Mn2" neans a
prot ei n encodef téqé‘ mur | neNd'Ger m nute 2 gene. "MInR2" includes MinR2
protei ns encoded_by Ra conpl et angt h of the Min2 gene, MInR proteins
encoded by flitatNed Mine gener¥(TReIrudi ng del etion nutants, substitution

mut ants, and addition nutants), and so forth. In the present invention,
"“MinR" al sq i oelpdes honol ogues derived from various ani mal speci es such
as, for exanple, human MiIn2 honol ogue (HDWVR). In the present

i nvention, ﬁb&%bﬂ&m&saapmtegrhﬂlﬁpd@ﬂo@ WHECPIRa gERGve " MRS "o FEANS the
p53 protein encoded by a full length p53 gene or a p53 prgtein that has a
‘mut ati on (imetedsugs it wdnonssdyeced @t foom subsiodert i @pomangd rgdidken), but
functions normally. - In the present invention, "MIn2 inhibitor" nmeans a
factor thatgregsporasCps3d &lkokyopsospppressedahypyltinfobyp,aehi agian eit her
Min2 or p53, or on both p53 and MinR. The p53 functions are not

particul arl groumd tadCisésl ahljaasyiheyoupe Bodcei onsnehgehupb3anbin®d |y has.
Exanpl es thereof include inhjbition of canceration of cells by inducing the
expr essi on DFXFRMEE FHRAR VEY Gih Bae RaVE BRI @r JroeR| $ WPk i BpdpEdsi s.

Exanpl es of n2 inhibitors include factors that inhibit binding of MinR2 to
p53 (herei naf %??eqe#%c?r?e% B AECTH SR N2 K A Y | SRR WPt of Y1767 fact or s

that inhibit,ubiquitinati f. P53 Ming - 10 - her ei naf t f d
Lo as Mind ThXa (TR gae e H B {018 o, an (TR B agent =T hvint on,

"inhibitor of p i0 r ription activity" means a factor

t hat restorg a?ﬁeﬁﬁ?ﬁ:’ti%n %&5%%% agg;&g’ t?%n%gﬁﬁf%}léi)%}ﬁ %5%1%%? suppressed by
Min2. n r t.l J i naLbj o] 53~. a ,Qn' means
a factor th%t altrﬁlﬁlel tgg.gﬂdég?ggg{l?gﬂt% gggg%ﬁgértotgegégc saqbqg]i %ﬂ%olbu%?l ng

ubi qui ti natiRNcRfnPphdye MHL.or mord Nsihie: PrESENE soVveptionsrdhesterns
"tunor” and "cancer” are used interchangeably. Furthernore, in the present
invention, hal®gen aedmIrariydis®y ,geancera Cxagl gnaskyngeplpsnma carci nom,
sarcoma, and the |ike may be collectively referred to as "tunor" or
"cancer." carbdmoyheyprgserdn iawent igmup 0la 06, -alskyll kgnoyp" greaps a
straight, branched, or cyclic alkyl group having 1 to 6 carbon atons.
Exanpl es ofard"@icydal kyduyr cupa it ydereup methyd gydupgemmatedryl group,
a propyl group,, an isqgpropyl group, a cyclopropyl group, a Qutyl group, a

or R® and R® may together form an oxo group, or R° and R

together with the carbon atoms to which R® and R® are



tert-butyl group, a cyclobutyl group, a cyclopentyl group, and a cycl ohexyl
group. "01-06 al koxy group" neans an al koxy group having a straight,
branched, or cyclic alkyl group having 1 to 6 carbon atonms. Exanples of a
"01-06 al koxy group"” include a methoxy group, an ethoxy group, a propoxy
group, an isopropoxy group, a butoxy group, and a cycl opentyl oxy group.
"01-06 al kanoyl group" neans an al kanoyl group having a straight, branched,

or cyclic alkyl group havin to 6_carbon atons. EX |l es of a "01-06

al kanoy| gr%%%me‘%ﬂeﬁl&'e%aorf%r%a%r%‘iﬁ? A ack? ﬁ—r&‘?@g%eé HOpTdNSE group,
and a neth i Qup. . mpl es of ,"hal ogen_atom' include a
fluorine aﬁ&ﬁ%{rocgéac Aonr %:]1;}1 tlonma aslgfr(oon‘i ?1% %?%Crlﬁnsa%% 7 Todi ne atom

Hor oaft or . ‘SacheeoRar Cuent o Formul & LI W ba kol el SR RR

Hereafter, each substituent _ RR R
R represenisra Qb6 aldw s HouR- Ml chrdmya haves SEoliDr £ 1sppsdi§ uents

sel ected froma hal ogen atom a hydroxy group, a Cl-C6 al koxy group, a

car banoyl gnoiyn, ah @RCROoaPkoKP, gaold; 068 ahkBamyl19geunp, aad ameyano group,
a Cl1-06 al kanoyl group which may have one or nore substituents sel ected
from a hal ogeniat anmCiaChydt bayogl ogpoup, Odnd@6aaktkexy group; a car banoyl
group, an a@ino group, and a cyano group, a hydrogen atom or a hydroxy
group. R™ Hereesenés" 81LC06Cal ddiy lgraugumbiithcimaya haveveneneromor e
substituents” and the "01-06 al kanoyl group which - 12 may have one or

nor e subst iMUShtBP Fridfeardb & heget o tfgrq{“ subs i egrintatomhea supdtdtvient (s)
is preferably a-hal ogen at a hydroxy group, a Cl-C6 al koxy group, a
carbanoylgﬁ%hﬁﬁ'é% ﬁFﬁoaSQ%ﬁb,ggOEﬂzoé SRKEABYY 1gPBaPP, ofNa2®yBA0 group.
The substituent(s) Q§_gnre Erefe ablg a hal qgen atom a hydroxy group, or a
01- 06 al koxdF GHoug “17Ce arkaieBs- 95 ﬁPkyPngrauﬁyﬁﬂPcﬁrﬁﬁ ‘have one or nore
substi tuents" i referabhly a substituted Cl- al kyl group or a

01- 06 alkyfgbfg 6 %gfﬁggoﬁgﬁgg ﬁo%gg a%%ggn%gF%ﬁ§?nhgngyy%6§gups, or

Cl-06 al koxy grLeuRScass a2nsylskit uent, yet nore preferably an
unsubstituted Cl-06 aIkyI-groug or a 01-06 al kyl group having 1 to 3

fluorine at o aascapoubst idce@ding to [Ihe S0 & kangyl: group.yhi ch may
have one or nore sugstltuents" is preferably an unsubstituted 01-06

al kanoyl grawgr«dm &'01s06 al kepaylkyar apolEviag,L 02 8khabouesratipns as a
substituent, particularly preferably a formyl group, an acetyl group, or a
trifl uor ometthydicardhyolnd sgroupituted wiRlh icngref encbd yhalogsrs ubtsdmd ut ed
01-06 al kyl group or a 01-06 al kyl group substituted with hal ogen aton{s),
an unsubst iqwteed Qi@ raladkaroyl group or a 01-06 al kanoyl group substituted
wi th hal ogen aton(s), or a hydrogen atom R2 and R3 each

i ndependenti4] r pFeBepting @£cos dandy it ogeduyp onlsi & mdy fr&vd 3dne@ro” nore
substituents selected froma hal ogen atom a hydroxy group, a 01-06 al koxy
group, a céﬁﬂéﬁﬁﬁFﬂﬁ¥5hpWQﬁ¥%%ﬁ gfodpC1aCei 2&fY Ll 9Tgup-al kanoyl group,
and a cyano, groyp, a carhoxy group, or a hydroge tom_ or R2 and R3 may

t oget her fogﬁlaﬁ oRBPGHE p?CS%rﬁéggngoR§nﬁg§§Fh§&'aﬂﬁhtphé4éaFﬁbﬁ-atons to
which R2 a re respegtivel onded faor 3-_tao 5-nenbered .

sat ur at ed %d&éc@?%&?%i (nzgl%rnelaryégi FS or %gg%ﬁeanls fErmP- Here, the
CL- 36 al kyfs 0" QUBHBLERATRXCHALR NG B TR RUARLiLICH Sy, f1as the sane
meani ng as defi ned abovei n and al so Ras the same preferred exanpl es.

When both R2 and R3 are respectively a carboxy group or one of R2 and R3 is
a car boxy gkpu

, C unds in which the carboxy group is esterified or
am dated are 0 ?ﬁzigﬂe im the scope of the present invention. Exanples
t hereof inclu ounds$ in which the carboxy group is ethyl esterified,
phenyl esterifiegt tat bogynet hyl esterified, dimethylani nonet hyl
esterified, val oyl ox Nhﬁ%yesterified, et hoxycar bonyl oxyet hyl

esterified, CnNdat ed, oru@$ | am dat ed. The phrase "R2 and R3
together with the carbon atpns to which R2 and R3 are respectively bonded
may forma 3- to 5-nmenbered saturated hydrocarbon ring in a spiro or
condensed fornt neans that R2 and R3 nay be bonded to forma 3--to

5- nenber ed 54t uPafeBPRYBFoEEPESTSNItRE P &hspified logimontermRiagnd R3 are
substituents bonded to the sane carbon atom or R2 and R3 nay be bonded to
forma 3- to 5-nenbered saturated hydrocarbon ring in a condensed form when
R2 and R3 are bonded to different carbon atons. Exanples of the "3- to
"5-nmenbered saturated hydrocarbon - 14 - ring"” include a cycl opropane ring,
a cycl obutane ring, and a cycl opentane ring. Preferably, R2 and R3
are each i ndependently a hydrogen atom a 01-06 al kyl group which may have
substituent(s), or a carboxy group. The substituent substituted on the
01-C6 al kyl group is preferably a fluorine atomor a hydroxy group. Mre

.



R4 represents a 01-06 al kyl group which may have one or nore substituents.
Here, the "01-06 al kyl group which nmay have one or nore substituents” has

“the sane nmeaning as defined above in R . R4 is preferably an
unsubstituted 01-06 al kyl group, nore-preferably an unsubstituted 01-03
al kyl group, yet nore preferably an isopropyl group. R5 represents a

01-06 al kyl group which may have one or nore substituents. Here, the "01-06
al kyl group which may have one or nore substituents"” has the sane meani ng

as defined abofe |n - 15 - R5 is preferably an unsubstituted

Cl- C6 al kyl© gf erably an unsubstituted Cl-C3 al kyl group, yet
nore preferab roup or an ethyl group. R6 represents a

hal ogen at om gt §ro n atom R6 is preferably a fluorine atom a

chl orine atonj, -bronlﬁ om or a hydrogen atom nore preferably a
fluorine atemidr a hyd tom - . R7 represents a halogen atom R7 is
preferably a fluorine ato a chlorine atom or a brom ne atom nore '
preferably a fluorine atonl Arl represents a phenyl group which may

have one or nore substituents. Ari is preferably a phenyl group having 1 to
3 d-C6 al ki)l gPRoGERFPOENENG ePreFEs.t et Hvaltdgerf cAtlens nas favrmtiﬁu tuent, nore
preferably a phenyl group having 1 to 3 hal ogen atons as 'a substltuent.
The substituent may be positioned at any position. Mre preferably, Arl is
a 4-chl oropf gro p or a _3-fluGOro4-chl orophenyl group. Ar 2
represents a ich may have one or nore substituents or a
pyridyl group whi hymgy e one or nore substituents. Ar2 is preferably a
phenyl group 3 hal ogen atons, Cl-C6 al kyl groups, or cyano
groups as ac |tuent o yrldyl group having 1 to 3 hal ogen at ons,

01- 06 al kyl groups, or roups as a substituent. The substituent may
be positioned at any p05|t|®n More preferably, Ar2 is a 4-chl orophenyl '
group or a 6-chloropyridin-3-yl group. - 16 - : The absol ute
configuratipns af cAhpcatd Aedricichited Bydazet Hazeha rskelahen ar e
preferably 5R and 6S, respectively. Furt hernore, the conpound
represented bygthe formula (1) of the present invention is preferably a
conmpound r epfegdent yothe foll owi ng general formula (2): Her e,
definitions, 5;Brﬁeferred exanples of R, R2, R3, R4, R5, RG,.

des

and R7 are the ri bed above in general formil a (1).

Furt hernore, of the present invention is preferably one
conmpound se& h&af ol | ow ng group: - 17 - The conpound
repr esent ed by ornula [T&_ the present invention may have stereoi soners
or optical isonmers due to ymmetric carbon atons, and all these

stereoi soners, - optical isonmers, and m xtures thereof are included in the

present inv | n. I n_one e i nent,_. of ese ention, a
conpound havi % ﬁoggsgpgtéeggﬁﬁﬁgurgtQghtpgbﬁ%gﬁgékﬁ?gb QFHP ‘a (3) is
preferred: mhereln Ar|, Ar2, R3- to R7 have the sane neani ngs as defi ned
above. ufther the conpound of general fornmula (1) is preferably
a conpound, | t rat e thereof described in any of the Exanples

and/ or Tabl es crlbed | at er. The conpound represented by
general forml 3 % present invention can forma pharnmaceutically
accept abl e saL;l F deSD mhen havi ng a basic group such as an am no
group. Exanfl’ed of such.s can include: hydrohalides such as

hydr ochl ori de and hydr0|o H ; inorganic acid salts such as nitrate,
perchl orate, sulfate, and phosphate; |ower al kanesul fonates such . as

met hanesul fonate, trifl uoronethanesul fonate, and et hanesul f onat e;
[11] An inhibitor of MdmZ comprising a compound according

to any one of [1l] to [10] or a salt thereof.
[12] An inhibitor of p53-Mdm2 binding comprising a
compound according to any one of [1l] to [10] or a salt

thereof.



- 18 - arylsul fonates such as benzenesul fonate and ptol uenesul f onat e;
organic acid salts such as formc acid, acetic acid, malic acid, fumarate,
succinate, citrate, tartrate, oxalate, and naleate; and am no acid salts
such as ornithine salt, glutamate, and gspartate. Hydrohalides and organic
acid salts are preferred. The conpound represented by general fornula
(1) of the present invention may generally forma base addition salt when
havi ng an acj dj roup such as a carboxy group. Exanpl es, of

phar maceut i Eiaﬂ 3)‘ g‘%eccglp(faérbeirg AR A9 rﬁ:l‘iﬁi‘é&%?aﬁ et I sBP t3"%uch as
sodi um sal t of assi a a i thi |t; -alkaline earth netal salts
such as cal %rll%)néga %ﬂ‘g%% iGg);]ne(r)s]lguér'n ésgjrf?%;ﬁ%(r)?agn?% 4l ?ggéﬁgh as ammoni um
salt; and ofgQapig;@hine salts such as dibenzyl am ne salt, norpholine salt,
phenyl gl yci ne” al kyl ester salt, ethylenediam ne salt, N-nethylglucam ne
sal t, di et hyl amime ridintacdud @i | S8 dn  Sotd ohexyd am agnsalda _

di cycl ohexyl am ne salt, N, N - dibenzyl ethyl enedi'am ne salt, diethanol am ne
sal t, .Noenzyted-{ 2nphesyiey hoxy)am ne) sabt {101 perazi 8g16athereof and

t et ranet hyl ammoni um sal t, and tris(hydroxymet hyl)am nonet hane sal t.

The conpound pepresestedcdyl genecaptdlotautartigrof the present invention or
the salt thereof nay be present in a free or solvate form The conpound
represent edl by] dererad & cranpcund )aasfo tdipriesenty ianventf ohl brt¢ he sal t

t hereof may be present in a hydrate form for exanple, by absorbing

noi sture i nlthe @Fra Thet sbreieel i Sonothe-maguifaghvrecafagly limted so
long as it is pharnaceutically acceptable. Specifically, the solvate is
preferably %e%ﬁa?la%%*}- an ethanol solvate,  or the like. Mreover, the
conmpound re nted . by general fqrmula (1), of the present inveption nay be
in an N oxi egf %fnmav{}ntelncaglocrﬁraiaf%eﬁ% a iR at o‘?’ﬂnppﬂié% %Cocr-ﬁjé‘%nd

N- oxi de for o kN I he_present jnvention. The
conmpound re%?e%é t%l(ljébglfg@ngggcg ;i(;ﬁm?% ‘%gag‘f #%eer%?%sae?lta?n%%‘ﬁw%n may
have various,dsogess: such as geonetrical isonmers (e.g., cis and trans
forms), tautoners, and optical isoners (e.g., d and 1 forns), depending on
the types orizpmimainsRf sdstidglentrtoe TheGgimpauing of the present

i nvention al so enconpasses all these isoners, stereoisoners, and m xtures
of these i sareisisnelr Si@r£otSOIRNS i dc@dYdl Ry i Bo Y es8e0bhel W Seo

speci fi ed. The conpound represented by general formula (1) of the
present inveld] ocor nayszbntaiereamt | sotope in a non-natural proportion as one
or nore constituent atons. Exanples of an isotope include deuterium (2H),
tritium (3H)18] ddi ROtIZHRNCERS Bgerndnd cartyoimal 4 o 146 1., Theésercionpdunds ar e
useful as a therapeutic or preventive agent, a research reagent (e.g., an
assay reagefceanys 2Bl td afjeqrt leng. cameern vieasHi egnosti c i magi ng
agent). Al isotopic variants of the conpound represented by general

formul a (1)PERTF NI CRIEFTn THECE COPEDF - tHep? dB¥Rt O AvERekoRiar egar dl ess
of the presence or absence of radioactjvity. - 20 Mor eover, the
present in\}‘é%[%f%rha Fs‘f}y@%b ’as%eets“éoc% FHOUIR t YT PRI BT t edPo t he
conmpound (Qa?éox?%‘ active ingredient in the pharnmaceutical conposition of
‘the present invention due to a reaction induced by an enzyne, gastric acid,
or the like r j-0l0gi it in, ViMO,. | onpound t hat
i's converte%i?g%i ﬁr{eg%gjr?gof%%ld ﬁa%%ﬁoggﬁ%%nfzy%nﬁq%lodﬂ ﬁ:aq[ i @nﬂ reducti on,

hydrol ysi s, yird e th&kecoicar " pharmpeedtdcald yr AGEeptapl €3 pEQdr ug conpound” |
that is converted to the conpound (1) through hydrolysis or the |ike

i nduced by gesd$t ccacdsh OrptdierdiKecancer, BXGI®h eSaobc 2, PLOGFLT can

i ncl ude: -conpounds in which an am no group in the conpound (1) is acyl ated,
al kyl at ed, moye phios pheulydrat £d £l Pynarconpahisitena N whi Chob hesesmap group i s
ei cosanoyl at ed, al anyl at ed, pentyl am nocarbonyl at ed,

(-5- met hyl - 2reaxoed] 8s dhrox.ol &rd 4saxtdmeet hoxycar bonyl at ed, .

t et rahydr of uranyl ated, pyrrolidyl nethyl ated, pival oyl oxynet hylated, or
tertbutyl at %Ya%@ﬁmrﬁé e whieenal diydr oxy group in the conpound (1) is
acyl ated, al kyl ated, phosphoryl ated, or borated (e.g., conmpounds in which
the hydroxy grodps PLESSNH T9ED ARG istesd 2 prvfsanoyl at ed, -

pi val oyl at ed, . succi,nyl at ed, fu.marell ated, alanylated, or -

di net hyl ani FHYT 5 by R edie thf T ¢ PYntieh 2% boxy group in
the conpound (1) is esterified or amdated (e.g., conpounds in which the
carboxy group is ethyl esterified, phenyl esterified, carboxynethyl

esterified, dinethyl-am nonethyl esterified, - 21 - pival oyl oxynethyl
esterified, ethoxycarbonyl oxyethyl esterified, am dated, or
met hyl am dat ed) . A prodrug of the conpound of the present invention

can be produced fromthe conpound (1). according to a method known in the

o T - - o o



R5 R6 R7 Art Ar2 | HHHCH(CH3)2 CH3 HF 10 G * Cl 2 H CH3 H CH(CH3)2 CH3
HF 3 HCH3 CH3 CH(CH3)2 - |

formula (1), which has- Mdm2 inhibiting activity.- Such a
novel compound is useful as an anti-tumor agent.
[Description of Embodiments]

'In the present invention, "Mdm2" means a protein_
encoded by the murine double minute 2 gene. "Mdm2"
includes Mdm2 éroteins encoded by a complete length of
the Mdm2 gene, Mdm2 proteins encoded by mutated Mdm2
genes (including deletion mutants, substitution mutants,
and addition mutants), and so forth. 1In the present
invention, "Mdm2" also includes homologues derived from
various animal species such as, for example, human Mdm2
homologue (HDMZ2) . |

In the present invention, "p53“ means é protein
encoded by the p53 gene. "p53" means the p53 protein
encoded by a full length p53 gene or a pb3 protein that
has a mutation (including mutations by deletion,
substitution, and addition), but functions normally.

In the present invention, "Mdm2 inhibitor" means a
factor that restores p53 functions éuppressed by Mdm2 by
actihg on either Mdm2 or p53, or oﬁ both p53 and Mdm2.
The pb3 functions are not pafticularly.limited so long as
they.are functions which p53 normally has. Examples
thereof include inhibition of canceration of cells by
inducing the expression of genes involved in the cell
cycle or cellular apoptosis. Examples of Mdm2 inhibitors
include factors that inhibit binding of Mdm2 to p53
(hereinafter, referred to as p53-Mdm2 binding inhibitors)

or factors that inhibit ubiquitination of p53 by Mdm2



CH3 HF lik O * C 4 H CH2CH3 H CH(CH3)2 CH3 H F |

HFlak C * O 5 HCHCH2 H
CH(CH3)2 CHS HF 0 Cl * Cl 6 H CH2CH(CH3)2 H CH(CH) 2 - |
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(hereinafter, referred to as Mdm2 ubiquitin ligase
-inhibitors).

In. the present-inventioh, "inhibitor of suppression
of p53 transcription activity" means a factor that
restores the functions of p53 as a transcription factor
suppressed by Mdm2.

In the present invention, "inhibitor of p53
degradation™ means a factor that inhibits degradation of
p53 in proteasomes by inhibiting ubiquitination of p53 by
s

In the present invention, the terms "tumor" and
"cancer" are used interchangeably. Furthermore, in the
present invention, tumor,- malignant tumor, cancer,

"malignant neoplésm, carcinoma, sarcoma, and the like may
be collectively referred to as "tumor" or "cancer."

In the present invention, "C;-C¢ alkyl group" means a
straight, branched, or cyclic alkyl group having 1 to 6
carbon atoms. Examples of a "C;-C¢ alkyl group" include
a-methyl group, an ethyl group, a propyl group, an
iscopropyl group, a cyclopropyl group, a butyl group, a
tert-butyl group, a cyclobutyl group, a cyclopentyl grbup,
and a cyclohexyl group.

"C1-C¢ alkoxy group" means an alkoxy group having a
straight, branched, or cyciic alkyl group having 1l to 6
carbon atoms. Examples of a "C;-C¢ alkoxy group" include
a methoxy group, an ethoxy'group, a propoxy group, an
isopropoxy group, a butoxy group, and a cyclopentyloxy:

group.



CHS HFOC *C 7HCHROHHCHCH)2 CHS HF Iik C * C 8 HC®HH
CH(CH3)2 CH HF Ik C * Cl 9 H CH2F H . CH(CH3)2

_11_

"C;~-C¢ alkanoyl group" means an alkanoyl group having
a straight, branched, or cyclic alkyl group having 1 to 6
carbon atoms. Examples of a "C;-C¢ alkanoyl group"
include a formyl group, an acetyl group,.a ﬁropionyi
group, and a methylpropioﬁyl group.

Examples of "halogen atom”" include a fluorine atom,
a chlorine atom, a bromine atom, and an iodine atom.

"Oxo group" means a group represented by "=0" unless
otherwise specified.

Hereafter, each substituent in formula (1) will be
_explained.

In the following general formula (1),

Arj: . " .
: : O

Arg i N

: ~

R! represents a C;-C¢ alkyl groﬁp which may have one
or more substituents selected from a halogen atom, a
hydroiy-group, a C1-C¢ alkoxy group, a carbamoyl group,
an amino group, a Cl—Cs alkanoyl group, and a cYano group,
a C;-Cg alkanoyl group which may have one or more
substituents selected from é halogen atom, a hydroxy
group, a C;-C¢ alkoxy group, a carbamoyl group, an amino
group, and a cyano group, a hydrogen atom, or a hydroxy
group.

Here, the "C;-C¢ alkyl gfoup which méy have one or

more substituents" and the "C;-Cgs alkanoyl group which



CH3 HF 10 HCHF2 HCH(CH3)2 CH HF lik G * C 11 H cycl opropyl
CH(CH3)2 CH3 HF 0 G 0 Cl 12 H cyclobutyl CH(CH3)2 CH3 H
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may have one or more substituents" preferably have 0 to 3
substituents. The substituent(s) is preferably a halogen
atom, a hydroxy group, a C;-Cg¢ alkoxy group, a carbamoyl
group, an amino group, a C;-Cg¢ alkanoyl group, or a cyano
group. The substituent(s) is more preferably a halogen
atom, a hydroxy group, or a C;-Cs alkoxy group.

 The "C1-Cg¢ alkyl group which may have one or more
substituents" is more preferably an unsubstituted C;-Cg
alkyl group or a C;-Cg¢ alkyl group having one or more
halogen atoms, hydroxy groups, or C;-Cg alkoxy groups as
a substituent, yet more preférably an unsubstituted C;-Cs
alkyl.group or a C;-C¢ alkyl group having 1 to 3 fluorine
atoms as a substituent.

The "C;-C¢ alkanoyl group which may haye one or more
"substituents" is preferably an unsubstituted C;-Cg
alkanoyl group or a C;—-C¢ alkanoyl grdup having 1 to 3
halogen atoms as a substituent, particularly preferably a
formyl group, an acétyl group, or a
tfifluoromethylcarbohyl group.

R! is preferably an unsubstituted C1-C¢ alkyl group
or a C;-C¢ alkyl group substituted with halogen atom(s),
an unsubstituted C;-Cg alkanéyl group or a C;-C¢ alkanoyl
group substituted with halogen atom(s), or a hydrogen
atom.

R? and R® each independently represent a C;-Cg alkyl
group which may have one or more substituents selected
from a halogen atom, a hydroxy group, a C1—Cg alkoxy

group, a carbamoyl group, an amino group, a C;-Cg



FOCQ lak Q1 13 CH HHCHCH3)2 CH HFOC * Cl 14 CH CH3 H CH(CH3)2
CH HFIlikd *Cd 15 CH CH CH CH(CH3)2 CH3 H :
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alkanoyl group, and a cyano group, a carboxy group, or a
hydrogen atom, or R? and R® may together form an oxo
group, or R® and R’ together with the carbon atoms to
which R? and R® are respectively bénded may form a 3- to
S-mempbered saturated hydrocarbon ring in a spiro or
condensed form.

Here, the "C;-C¢ alkyl group which may have one or
more substituents" has the same meaning as defined above
in R! and also has the same preferred examples.

When both R® and R® are respectively a carboxy group
or one of R?® and R® is a carboxy group, compounds in
which the carboxy group is esterified or amidated are
also included in the scope of the present invention.
Examples thereof include compounds in which the carboxy
group is ethyl esterified, phenyl estérified,
carboxymethyl esterified, dimethylaminomethyl esterified,
pivaloyloxymethyl esterified, ethoxycarbonyloxyethyl
esterified, amidated, or methylamidated.

The phrase "R? andrR3'together with the carbon atoms
to which-R2 and R?® are respectively bonded may form a 3-
to S5-membered saturated hydrocarbon ring in a spiro or
condensed.form" means that R? and R® méy be bonded to
form a 3- to 5-membered saturated hydrocafbon ring in a
spiro form when R? and R® are substituents bonded ﬁo the
same carbon atom, or R? and R? may be bonded to form a 3-
to 5-membered saturated hydrocarbon. ring in a condensed
form when R? and R® are bonded to different carbon atoms.

Examples of the "3- to 5-membered saturated hydrocarbon



FOC 4k ci - 23 - [Table 2] No. , R R le RA R5 R6 R7 Ar, Ar2 16 CH,
CH2CH, H CH(CH1)2 CHB HF 0 CI * C 17 CH, CH(CH3)2 H

- 14 -

ring" include a cyclopropéne ring, a_cyclobutane ring,
and a cyclopentane ring.

Preferably, R® and R® are each independently a
hydrogen atom, a C;-Cg alkyl group which may have
substituent (s), or a carboxy group. The substituent
substituted on the C;-Cgs alkyl group is preferably a
fluorine atom or a hydroxy group. -More pfeferably,.Rz
and R® are respectively a hydrogen atom, or one of R? and
R® is a hydrogen atom and the other moiety is a methyl
group or an ethyl group, or R? and R® which are C,-Cg
-alkyl groups bonded to the same carbon.atom form a 3- to
4-membered saturated hydrocarbon ring in a spiro form,.
together with the carbon atom to_which they are bonded.
Both R® and R?® are preferably substituents at the 6-
position on a piperazine ring.

R represeﬁts a C;-C¢ alkyl group which may have one
or more substituents. Here, the "C;-Cs alkyl group which
may have one or more substituents" has the same meaning
as defined above in R'.

R* is preferably an.gnsubstituted C1-Cs alkyl group,
more preferably an unsubstituted C;-C; alkyl group, yet
more preferably an isopropyl group.

R’ represents a C;~Cg alkyl group which may have one
or more substituents. Here, the "C;-Cs alkyl'group which
may have one or more substituents" has the same meaning

as defined above in R'.



CH(Cl-11)2 CH. HF 0 C * C 18 CH, CH2CH(CH3)2 H CH(CH1)2 CH, HF 0 19
CH3 CH2F H CH(CH3)2 CH, HF 10 O * C 20 CH,  .CHF2 H
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R®> is preferably an unsubstituted C1-Csg élkyl group,
more preferably an unsubstituted Cy{b alkyl group, yet
more preferably a methyl group or an ethyl group.

R® represents a halogen atom or a hydrogen atom. R®
is preferably a fluorine atom, a chlorine atom, a bromine
atom, or a hydrogen atom, more preferably a fluorine atom
or a hydrogen atom;

R’ represents a halogen atom. R’ is preferably a
fluorine atom, a chlorine atom, or a bromine atom, more
preferably a fluorine atom.

Ar; represents a bhenyl group which may have one or
more'substituents. Ar; is prefetably a phenyl group
having 1 to 3 C;-C¢ alkyl groups, cyano groups, oOr
halogen atoms as a substituent, more preferably a phenyl
group having 1 to 3 haiogen atoms as’ a substituent. The
substituent may be positioned at any position. More
preferably, Ar; is a 4-chlorophenyl group or a 3-fluoro-
4-chlorophenyl group.

Ar, represents a phenyl group which may have one or
more substituénts or a pyridyl group which may have one
or more substituents. Ar, is preferably a phenyl group
having i to 3 halogen atoms, Cl—Ce alkyl groups, or cyano
groups as a substituent or a pyridyl group having 1 to 3
halogen atoms, C;-C¢ alkyl groups, or cyano groups as a
substituent. The substituent may be positioned at any
position. Mofe preferably, Ar; is a 4-chlorophenyl group

or a 6-chloropyridin-3-yl group.



CH(CH1)2 CH HFIlikd . d 21 CH3 cyclopropyl CHCH3)2 CH3 1-1 F 0 C
Cl 22 CH3 'cyclobutyl CH(CH3)2 CH, HF le* C 0 C 23 CH2CH2OH CH, H
CH(CH3) 2 CH3
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The absolute configurations of Ar; and Ar, in the
imidazothiazole skeleton are preferably 5R and 685,
respectiveiy.

Furthermore, the compound represented by the formula
(1) of the present invention is preferably a compound

represented by the following general formula (2):

(2)

Here, definitions, examples, and preferred examples
of R}, R?, R* R! R° R®% and R’ are the same as described
above in general formula (1).

Furthermore, the compound of the present invention

is preferably one compound selected from the following

group:
Cl | 0 1 F
cl
/|: o) Z- N AN
CI™N NG o ) A
P >
CI” N .
” -«“N / &;}Q
H H
F
NN
$~s :j:r
= -
Sk 0%y
CI”N w X

0



24 CHO CH, H CH(CH3)2 CH

HF . H C * O 25 CHO CH2CH3 H CH(CH3) 2 CH,
HF 10 C lik G 26 COCH, CH3 H CH |

The compound represented by formula (1) of the
present invention may have stereoisomers or optical
isomers due to asymmetric carbon atoms, and all these
stereoisomers, optical isomers, and mixtures thereof are
included in the presént invention.

In one embodiment of the present invention, a
compound having an absolute configuration represented by

formula (3) is preferred:

AINCN
I/yso
Ar - N

ZI:QS

(3)

3

R "R?R'
whefein Ar,, Ar,, R! to R7 have the same meanings as
defined above.

Furthermore, the,combound of general formula (1) is
preferably a compound, a salt or a hydrate thereof
described in any of the Examples and/or Tables 1 to 12
described later.

The compound represented by general formula (1) of
the present invention can form a pharmaceutically

“acceptable salt, if desired, when having a basic group
such as an amino group. Examples of such salts can
include: hydrohalides.such as hydrochloride and
hydroiodide; inorganic acid salts such as nitrate,
perchlorate, sulfate, and phosphate} lower

alkanesulfonates such as methanesulfonate,

trifluoromethanesulfonate, and ethanesulfonate;



*

Cl 27 COCH3 CH2CH3 H CH(CH3)2 CHL HF 0O C * C 28 COCF, CH3 H

CH3 HF 29 COCF3 CH2CH3 H CH(CH3) 2 CH3
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arylsulfonates such as benzenesulfonate and p-
toluenesulfonate; organic-acid.salts such as formic acid,
acetic acid, malic_acid, fumarate, succinate, citrate,
tartrate, oxalate, and maleate; and amino acid salts such
as ornithine salt, glutamate, and aspartate.

Hydrohalides and organié acid salts are preferred.

The compound represented by general formula (1) of
the present invention may generally form a base addition
salt when having an acidic group such as a carbbxy group.
Exampies of pharmaceufically acceptable salts can
include: alkali metal salts such as socdium salt,
potassium salt, and lithium salt; alkaline earth metal
salts such as calcium salt and magnesium salt; inorganic
salts such as ammonium salt; and oréanic amine salts such
as dibenzylamine salt, morpholihe salt, phenylglycine
alkyl ester salt, ethylenediamine salt, N-methylglucamine
salt, diethylamine salt, triethylamine salt, .
cyclohexylamine salt, dicyclohexylamine salt, N(N'—
dibenzylethylenediamine salt, diethanolamine salt, N-
benzyl-N-(2-phenylethoxy)amine salt, piperazine salt,
tetramethylammonium salt, and
tris (hydroxymethyl)aminomethane salt.

The compound representéd by general formula (1) of
the present invention or the salt thereof may be present
in a free or solvate form. The compound represented by
general formulé (1) of the present invehtion or the salt
thereof may be presént in a hydfate form, for example, by

absorbing moisture in the air. The solvate is not



HFO0OC *Cd 30 HHHCHCH)2 CHB FFO0OCQ * Cd - 24 - [Table 3] No. 11
R2 le R4 RS R6 R7 Ar, Ar2 31 H CH3
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particularly limited so long as it is pharmaceutically
acceptable.. Specifically, the solvate is preferably a
hydrate, an ethanol solvate, or the like. Moreover, thé
compouhd'represented by general formula (1) of the
present invention may be in an N-oxide form when
containing a nitrogen atom. These solvate and N-oxide
forms are also included in the present inventidn.

The compound represented by general formula (1) of
.the present invention may ha&e various isomers such as
geometrical isomers (e.g., cis and trans forms),
tautomers, and optical isomers (e.g., d and 1 forms),
depending on the types dr combinations of substituents.
The compound of the present invention also encompasses
all these isomers, stereoisomers, and mixtures of these
isomers and stereoisomers in any ratio, unless otherwise
specified.

The compound represented by general formula (1) of
the present invention may contain an isotope in a non-
natural proportion as one or more constituent atoms.
Examples of an isotope include deuterium (°H), tritiﬁm
(*H), iodine-125 (**1), and carbon-14 (}*C). These
compounds are useful as a therapeutic or preventive agent,
a research reagent (e.g., an assay reagent), and a
diagnostic agent (e.g., an in vivo diagnostic imaging
agent) . All isotopic variants of the compound
represented by general formula (1) are included in the
scope O0f the present invention, regardless of the

presence or absence of radiocactivity.



HCHCH3)2 CH3 F F .. |
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Moreover, the preseﬁt invention alsb encompasses a
compound that is converted to the compound (1)'as an
active ingredient in the pharmaceutical composition of
the present invénEion due to a reaction induced by an
enzyme, gastric acid, or the like under physiological
conditions in vivo, i.e., a compound that is converted to
the compound (1) through enzymatic oxidation, feduction,
hydrolysis, or the like or a "pharmaceutically acceptable
prodrug compound" that is converted to the compound (1)
through hydrolysis or the like induced by gastric acid or
the like.

Examples of a prodrug can include: compounds in
which an amino group in the compound (1) is acylated,
alkylated, or phosphorylated (e.g., compounds in which
the amino group is eicosanoylated, alanylated,
pentylaminocarbonylated, (5-methyl-2-oxo-1,3-dioxclen-4-

yl)methoxycarbonylated, tetrahydrofuranylated,

- pyrrolidylmethylated, pivaloyloxymethylated, or tert-

butylated); compounds in which a hydroxy group in the
compound (1) is acylated, alkylated, phosphorylated, or
borated (e.g., compounds in which the hydroxy gr&up is |
acetylated, palmitoylated, propanoylated, pivaloylated,
succinylated,.fumarylated, alanylated, or
dimethylaminomethylcarbonylated); and compounds in which
a carboxy group in the compound (1) is esterified or |
amidated kefg., compounds in.which the carboxy group is
ethyl estérified, phenyl esterified, carboxymethyl

esterified, dimethylaminomethyl esterified,

*
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pivaloyloxymethyl esterified, efhoxycarbonyloxyethyl
esterified, amidated, or methylamidated)

A prodrug of the compound of the present invention
can be produced from the compound (l) according to a
method known in the art. Moreover, a prodrug of the
compound of the present inventiou also includes those
converted to the compound (1) under thsiological
conditions as described in "Development of Pharmaceutical
Products", vol. 7, Molecule Design, p. 163-198, Hirokawa-
Shoten Ltd. (1990).

Specific examples of the compound'represented by
general formula (1) of the present invention can include
compounds described in, for example, the following
Compound Tables 1 to 12. These compounds can be
synthesized according to [Production Method 1] to
[Production Meﬁhod 4] described later or methods
described in the Examples. In the tables, Rl, R2, R3, R%
R°, R®, R’, Ar;, and Ar, means groups represenfed by the

following general formula (la) .

(la)




CO2H HCHCH2 CH3 FFlikd * C 38 HCH2F HCH(CH3)2 CH3 F F IIk C *
a 39 HCHF2 HCH(CH 2 CHB FFO0OC * C 40 H

- 22 -
LTable 1]

No. | R R? R’ R* R® | R®| R Aty
I VI H | CHCH) | CH | H | F | , al » o

2 | H CHy H | CHCH) | CH | H | F | , ol * cl
3 | H CH, CH, | CHCH), | CHy | H | F | . al * cl
4 | H CH,CH, H | CHCH) |CH | 1| F | al - cl
s | H CHCH), | H | CHCH) | cH [ H| F | . ol * ci

®)

6 H CH,CH(CHs), H CH(CHa), CH; | H F

@)
*

*

7 H | CHOH H | CHCH), | ct; | H| F | . al * (of
8 H CO.H H | CH(CHy), | CH, HF

9 H CH,F H | CHCH), | CHs | H | F | , al + (of
10 | H CHF, H | CHCH), |CHy | H| F | . al * Cl
11 H cyclopropyl CH(CHs), CH; | H| F . Cl . cl
2 | H cyclobutyl CH(CH), | CH | H | F | al « cl
13 (fH, H H | CHCH:), | CH; | H| F | . al * ol
14 | cH, CH;, H | CHCH) | CH: | H | F | al * ol
15 | CHs CH;, CHy | CH(CHy); | CH; | H| F . al Ci

0J3J0]alalslalelalelalalelele
01920/0109]3]9/8[2]918]2]91%]




cyclopropyl CHCH2 CH3 FF F 1. C lik C 41 H cycl obutyl
FOC 0C 42 CH HHCHCH3)2 CH3 F F |ikd * Cl 43 CH3
_ 23 —_
[Table 2]
No. . R' R R* R R* | R | R’ Ar Ar,
16 CHJ CHzCH_'q H CH(CH]): CH3 H F ‘_O_Cl "_®_C|
F
17 CH; CH(CH,), H| CH(CH:), | CH; [ H| F .c| *—O‘C'
_ F
18 CHs CH,CH(CHy), .| H | CH(CHx, | CH; | H | F *‘O_C' .—O—CL
F
19 CH, CH,F H | CH(CHy), | CHy { H | F ,—O—q *—@—CI
F
20 CH, CHF, H | CH(CHy), | CH, | H | F *-—Q—Cl *—@—Cl
F F
21 CH; ~ cyclopropyl CH(CHs), | CH; | H| F ._'—O—m .~©—C|
F | F
22 CH; cvclobutyl CH(CHs), | CH; | H | F ,—C>—0| .——@—m
F
23 | CH,CH,0H CH, H| CH(CHy), | CHs | H | F ._O_C, *-@-CI
_ F
24 CHO CH; H| CH(CHy, | CH: | H | F ,-@-q *—O—Cl
F
25 CHO CH,CHs H ! CHCHs), | CH; | H | F "—O—C' -—@—Cl
_ F
26 COCH, CH, H| CHCHY, | e, | H | F 'OC' ~—®—Cl
. F
27 COCH; CH,CH; H| CH(CHy), | CH, | H | F ._@_q *—O—Cl
: F
28 COCF; CH, H | CHCHy), | CH, | H | F ‘_@_C' *—O—Cl,
F
29 COCF, CH,CH, H | CHCHy), | CH: [ H | F | | —C}—bl .—@—m
F
30 H H H| CHCH:), | cH, | F | F --—@—u .—O—m

CH(CH2 CH3 F F




CH3
CH3

H
CH

CH(CH3)2 CH3 F F

44 CH3 CH3 CH 3 CH(CH3)2 CH3 F F lik O * O 45

2CH3 HCH(CH3)2 CH3 FFlak G * C - 25 -
- 24 -
[Table 3]
No. R' R’ R R R* | R*| R’ Ary An
. ' F :
31 H CH, H CHCH), | cHy | F | F '_G_C' *—O—CI
F
32 H CH, CH, CH(CHy), | CHy | F | F ._O_(;, *-@-CI
F .
3 H CH,CH; H CH(CH), | CH, | F | F '_O‘C' *—O—CI
F
| H CH(CHa), H CH(CH:), | CHy | F | F *—@—CI *-@-CI
F
35 H | CHCHCH), | H CHCHy, | ¢y | F|F ._©_C| *-@-CI
F .
36 H CH,0H H CHCHs, | cHy | F | F '_O_CI *—O—CI
F
37 H COH H CHCH:, | CHy | F | F ._O_q -—@—CI
) F
38 H CHF H CHCH), | cmy | F | F | ‘—C}'C' *—O—CI
. - :
¥ | H CHF, H CH(CH, | CHy, | F | F .—O—q --@—Cl
F F
40 H cyclopropyl CH(CH.; | cmy | F | F ,._O_@ '_O'C'
F F
a1 H eyclobuty] CHCH), | cHy [ F | F *O'CI '—O—C'
_ F
42 | cH H H CHCHy, | cmy | F | F ,._O_ - *—O—CI
] F
s | cH CH; H CH(CHy, | CHy | F | F ._C>_c| *-@-CI
F
at | cn CH; CH; CH(CH:, | CH; | F | F ._O_c;, ~—©—CI
E
45 | cH CH,CH; H CHCH), | CH. | F | F ._O_Cl '—O—CI




[Table 4] No. A RR R le RS R6le Ari Ari 46 CH 3 CH(CH2 HCH(CH1 CH3 F
Fted * C 47 CH3 CH2CH(CH3)2 H CH(CH1)2 CH3 F F 10 C
- 25 -
[Table 4]
No. R R? R’ R R® [ R | R’ Ar Ar
. F
46 CH; CH(CHu), R | CHCHy, | cHy | F | F '_O_ o .—O—CI
) F
o CHy | CH.CHCH): | H | CHCH) | cHy | F | F '_O’C' *_O_C'
F
28 CH, CHF H | CHCH), | CH | F | F .——C}-CI '_Q_CI
F
19 CH, CHE, H | CHCH) | cHy | F | F .—GCI '_O—C'
F F
50 CHa cyclopropy! CH(CH,); CH; F F -—O—CI .—@——m
F F
51 CH; cyclobuty! CHCHy, | cHy | F | F _@_ cl —Q— cl
- F
52 | CH:CH,0H CH; H CHCHy, | CHy | F | F _O_ cl *—@—CI
F
53 CHO CH, H | CHCH), | CcH: | F | F "_@_C' *—Q‘C'
F
54 CHO CH,CH; H | cHEHy), | ¢y | F | F '_OCI *—®—0|
F .
55 COCH; CH; H CH(CH;, | CHy | F | F _@_ cl *—@—CI
F
s6 | cocH CH,CH, H | CHCH) | cHy | F | F —@— cl *_Q_Cl
) F
57 COCF; CH, H CH(CH3), CH, F F ._O_Q *_O—C'
F
58 COCF, CHCHs H | CHCH), | CHy | F | F ._O_Cl *_O_C'
F —
59 H H H | CHCH) | cH, | H | F _C}_ o W cl
60 H CH;. H | CHCHy), [ CHy | H | F _C}_ a N\ N/ Cl




* d 48(]-!3(]-|ZFHCI-|(CJ-|)ZCI-|3FIFOCI *CI 49 CH 3 CHF2 HCH(CH) 2 CH 3 F
FOCd *d 50 CH 3 cyclopropyl CHCF13) CHB FF 0 C 0 dC

- 26 -
[Table 5]
No R' R? R | R R’ R R” - An Ar
F —
61 H CH; CH; CH(CH;); CH, H F '_G_CI —Q N/ Cl
F —
62 H CH,CH, “H CHCHy), | CH, | H F '—C}—CI Ny Cl
F —
63 H CH(CHy); H CH(CHy), | CHi | H F ,_@_ cl Y cl
F _— .
64 H | cHCHCHY: | H CH(CHy), cH; | H F ,_C>_ cl Y cl
F —
65 H CH;OH H CH(CH), CH; | H F ._C>_ cl W Cl
F —
66 | H COH H CHCH), | CHy | H F ,_O_ I I Cl
F —
67 H CH,F H CH(CH:); | CH: | H F ,_@_Q " o]
F —
68 H CHF, H CHCH: | CH: | H F ,_O_ al Uy Cl
F . F
69 H cyclopropyl CH(CHa), CHax H F .—@— Cl .—C}— Cl
70 H cyclobutyl CH(CH,), CH; H F _O_ cl .-@— cl
71 | cH, H H CH(CHy), | CH: | H F ,._@_ cl ~—\ 72— C
F —
72 | CH, CHs H CH(CH:, | CH; | H F *—O—CI o~ Cl
F —
73 | cH, CH; CHy | CHCHy, | cHy | H F ._G. a | *—\ ¢
_ Fo. —
74 CH: CH,CH; H CH(CHa), CH, H F *—C}—Cl 4§ 2 Cl
75 | CHy CH(CHy), H CH(CHa), CH; H F ,_@_Cl ~—§ 2—Cl




51 CH 3 cycl obutyl CH( CHB)Z CH3 FFOC 0C 52 CH2CH2OH CH H CH( CHS)Z
CHBFF10d * 0 53 CHOCH HCHCH3)2 CHB F F. lik d * O 54
- 27 -
[Table 6]
No. R! R? R} R R® R* | R’ An Ary
F —
76 CHj CH,CH(CH3), H CH(CHs), CH; | H| F '_O_C' ~—Q N/ (o]
F —
77 CH; CH,F H CH(CHy, | cHy | 1| F .—G_u N\ N, cl
F ' —
78 . CH; CHF, H CH(CH3), CHy | H| F .—@_q N\ N/ Cl
F F
79 CH, cyclopropyl CH(CH,), CH; H F ._@_ Cl ._@_ Ci
F F
80 CH, cyclobutyl CHCHy), | iy | H | F ._O_Q '_O'C'
F —
8t CH,CH,0H CH; ‘H CH(CHs), CH, | H| F *‘O—CI *N\ N/ Cl
F = .
82 CHO CH; H | cHCHY, | cia | 1| F ._O_m M -Cl
F —
83 CHO . CH,CH; H CH(CHy), CH; | H| F '_G_Cl N\ L2 Cl
F —
84 COCHs CH, H | CHCH), | CH. | H | F *—O—Cl —4Q K, Cl
F —
85 COCH; CH,CH; H | CHCH), | CH | H | F '_O_C' -~ cl
. : F —
86 COCF; CH, H CH(CH); | CH:, | o | F *—@—CI Ly Cl
. F —
87 COCF, CH,CH, H | cHCH), | ooy | H | F 'O_Cl i Cl
F —
88 H H H | cHCHY, | ch | F | F ,_O.m Y Cl
F —
89 H CH, H | CHCHy, | e | F | F «—@-CI T\ Ci
F —
90 H CH, CH; | CHccHy), | cHs | F | F .—O_m N N/ Cl




CHO CH2CH3 H CH(CH3)2 CH3 F Fle G * C 55 COCH, CH3 HCH(CH2 CH3 F F 0
Cl * C 56 COCH, CH2CH3 El CH(CH3)2 CH3 F F tektCl * C 57

- 28 -
[Table 7]

No. R! R R | R R® | R*| R’ An An
F =

91 H CH,CH, H CH(CHy), CH; | F | F ,_@_d Y Cl
F —

92 H CH(CHx), H CH(CH1), CHy | F | F '_O_C' N\ N, Cl
F —

9 H CH,CH(CH:), H CH(CHy); CH, | F|F '—C}—CI *—Q N, Cl
F —

% | H CH,0H H CHCHy), | CHy, | F | F '_O—CI i Cl
F —

95 H COH H CHCH), | CH, | F | F *_®_C' Y Cl
F —

% | H CHF H CHCHy), | cHy | F | F ,,_@_u W Cl
F —

97 H CHF, H CH(CH:) CHy | F | F ._O.m ~— 2—C

F F
98 H cyclopropyl CH(CH;), CH, F F .—@—Cl n—@—Cl
F F

9 | H cyclobuty] CH(CH), | cHy | F{ F | . _O cl _Q_ cl
F —

100 | CH, H H CH(CH;), CHy | F | F ._O_CI *—<\__N>—Cl

101 | CH, CH: H CH(CHa), e, | F | F ,_Q_g Y Cl
F e

102 | cH CH, CH, | CHCHy; | ey | F ] F '_O‘C' i Cl
F —

103 | CH, CH,CH; H CH(CHy, | CHy | F | F ._Q_q Y Cl
- F -

104 | cH CH(CHy); H CHCHy), | CH, | F | F ._O_(;, i Cl
F —

105 | cHy | CHCH(CH), H CH(CH;), | cHi | F | F ._O_g . Cl




CHCH 2 CH3 FFOC * C 58 COCF, CHRCH3 HCH(CH)2 CH3 F F O
c Cl 5 HHHCHCH2 CH3 HF 0C N : '
- 29 -
[Table 8]

No. R! R? R* R R’ R* | R Ar An
— —

106 CH, CHyF H | CH(CH:) CHa F|F ‘O_C' A\ N’ Cl
F —

107 CH, CHF, H | CH(CHa, CHa | F | F ._@_C, Y Cl
F F

108 CH, cyclopropy! CHCH), | CHy | F | F ,_O_g '_O_C'
F F

109 CH, cyclobutyl CHCH), | CHy | F|F '_O_C' ,_GC,
F —

110 | CH,CH,0H CH, H| CHCHy, | oy | F | F *—C}—u *—Q—CI
F —

i CHO CH; H| CHCH), | ¢y | F | F '_O_Cl Y Cl
F —_

12 CHO CHCH, | H | cHCHY, | o | F | F ,_O_m Y Cl
F —

n3 | cocH, CH; H| CHCH), | ey | F | F '_O—C' Y Cl
F —

n4 | cocu CHCH, | H | CHCHy, | oy | F | F _._@_Q Y Cl
F —

15 COCF, CH; H | CH(CHy), CH: { F |F ,;_O_m Y Cl
F —

116 COCF, CHCH. | H | CHCH), | CH: | F | F ._C>_0| Y Cl
F ——

17 H CH;, H | CH(CHa) CH; H|F "QCl *~—\ ~—ClI
N
F —

18 H "CH)CH; | H | CH(CH:) CHa H| F *{}C' *\ 2—ClI
N

19 H CH(CHy, | H | CHCH), | CH: | B | F -@—c: +— »—Cl
' N

F

120 H CHF | H| CHCH) | CHy |H|F *‘QC' ~—4 2—Cl

N




60 HCH HCH(CH2 CH3 HF Cl N 26 - [Table 5] No. 12 R2 R3 .le R5 126
R7 Ari Ar2 61 H CH3 CH3 CH(CH3)2 CH,
- 30 -
[Table 9]
No. R R? R R' R® R* An ’ Ar,
121 H CHF, H | CH(CH CH, H -@-cu 4 »—Cl
N
F
122 H cyclopropyl CH(CH;), CH; H -{}Cl TN/ Cl
N
F
123 | cH, CH, H CH(CHy); CH; H -—ch' —{ »Cl
N
.
4 | cHy | cHeH, | H CH(CHy); cH: | H “QC' ¢
N
F
125 | CH; | CH(CH)): H CH(CH:); CH; H 'AQ—cu »—4 »—Cl
N
F
126 CHs CH,F H CH(CH3), CHa H "Q’ Cl * \ / Cl
' - N
F
127 | cH, CHF, | H CH(CH:) CHa H --Q-u —Q —Cl
N
F —
128 CH: cyclopropyl CH(CH.), CH, H "QCJ N\ ./ Cl
N
F
129 H CH, " H CH(CH:), CH; F -—QCI ~—\ 7—Cl
N
F
130 H CH,CH; H CH(CHs), CH, F ‘Q—a —_ »—Cl
N
F
13| oH CH(CH2), H CH(CH.), CH, F '@—_CI — Cl
N
F
132 H CH,F H CH(CH3), CHy F "QCI =\ Cl
F
133 H CHF, H CH(CH3); CH; F -@—a — —Cl
N
F
134 | H cyclopropy] CH(CHy), CH; F —Q— el *—O—u
N
F
135 | CH CH; H CH(CH:); CH; F -—Qm *—<\j>—c|
N




HFEIik C *-GC N62 HCHRCH El CHCH3)2 CH8 HF N 63 H CH(CH) 2 1-1

CH(CH3)2 CH, HF If G *-0--CI N64 HCH2CH(CH3)2 H
- 31 -
[Table 10]
No. R' R? R’ R* R R* | R’ Ar, Ar
F ——
136 | CH, | CHCH, H CH(CHa), CH, F | F -—Q—u —Q Cl
: N
F
137 | cH, | cHcHy, | R CH(CHy), ca | F | F '@’C' —\ 2 Cl
N
F
138 | CH; CHyF H CH(CH); CHa F | F -*Q’Cl —Q\ 2 Ci
N
F
o | e | cwR | m | cmewy | om | P | F "Q‘C' e
N
F
140 CH, cyclopropyl CH(CH,), CH;, F F 'OC| TN L/ Cl
N
F
4| owH CH; H CH(CHy), | - CH, H | F '_O_Cl -—@—CN
} : F '
42 | H CH;CH, H CH(CHy), CH; H | F '_O_C' -—@—CN
F
43 | H CH, H CH(CHy), CH, F | F '_O_C' *—®~CN
= .
s | B | cwen, | H | oweH), | cH | F | F .—Q—Cl -—@—CN
F
s | m CH, H CH(CHy), CH, H | F ,_<i>_c;|:3 .—@—m
F
146 | H CHCH, | H CHCH): | CHy .| H | F ,_<j>_c;:3 *—O—Cl
147 H CH, H CH(CHs), CH, F | E .‘<j>_c,:3 *—O—q :
- - -
148 | w CHCH; | H CH(CHy), CH, F | F '_O'CFi! *—©—0|
. F —
149 | W CH, H CH(CHy), CH, H | F ._O.CF —4{ 2—Cl
3 N
F —
150 | H | CHCH, | H CH(CH;), CHa H | F ‘-O_CF:* —Q 2—Cl
N




CHCH2CH HF '"N65 HCHZOHH CH(CH2 CH HF O0O' N 66 HCO2H 1-
CHCH2 CH3 HF O NG67 H o ,
- 372 -
[Table 11]
No. R R? R R’ R* R’ Ary A
F —
151 | H CH; CHCHs: | CHy | F F — >—CF3 W
N
F —
12| H | cHCH CH(CH), | CHy | F F ‘,_<j>_c|:3 —4 2—Cl
N
F
153 H CH; CH(CH:), | CHa H F *_@‘CF:, *—Q—CN
F
154 | H CH,CH, CH(CH): | CH, | m F '_Q_CF:! *-Q—CN
. :
155 H CH; CH(CH:); | CHa F F .._<j>‘c,:3 *—O—CN
F
156 H CH;CH: .CH(CH:), | CH, F F .,_<j_c,:3 *—Q—CN
F —
157 | H CH; CHCH:), | CHy | H F '_O—CFJ A »—Cl
—N
F ——
18 | B | cHcn CHCHy, | iy | H | F -—@—'CFS ¢
N
F —
19 | H CHs CHCH:; | CHi | F F ._O_CF —Q\ 2—Cl
3 N
F —
10 | H CH,CH; CHCH), | CHi | F | F ,,_<i>_c,:3 — Cl
N

1



HF 'N

CH2F H CH(CH)2 CH, H.F lak O *-0---C ' N 68 H CHF2 H CH(CH)2 CH,
69 H cyclopropyl CHCH2 CH HFOC 0C 70 H
- 33 -
[Table 12]
No. | R R? R’ R R® R® R’ Ary Ary
6l | H H H | CHCH), | CHi | H F _O‘ ¢ _O_ c
162 | H CH, H | CHCH), | CH | H | F —~ | e
6 | n | cmen | B | cuemy | ow | ow | o | Xm0 )
164 | H H H CH(CHj), CH; H F "*(::>'c' N W\
165 | H | CH, H | CHCH), | cH, | H F '—O—m i WY
166 | H | CHCH, | H | CHCHy), | CH, | H F -—@—m i WA
Next, a representative method for producing a

compound represented by general formula

explained.

(1)

will be

The compound of the present invention can be

produced by various production methods and the following

production methods are illustrative and should not be

construed in any limitative way.

can be performed by protecting substituents with

appropriate protective groups, if necessary, and the

Reactions shown below

types of protective groups are not particularly limited.

[Production Method 1]



cycl obutyl CH(CHL)2 CH, HF 0 C tlikQ 71 CH3 HHCHCH2 CH HF 72
CH CH3 HCHCH3)2 CH HF 0 'N73"

- 34 -

Ary” i NH, Arg”i N
(3) (4)
R4 0O R4 (@]

N\ 1 N R
R Ar
N R 3|><><2 i 1 N : 1y 7
| Ar N>§SH‘\ A R R (g I,ys :Z:>/R
— e
Arg”: N oH o5
éS

(9) (1) R® R

.wherein Z means a halogen atom such as a chlorine atom or
a bromine ato.m;'Rll means a protective group for the
carboxy group; R'? means a protective group for the amino
group. It is to be noted that these "protective groups”
may be the same or different while the reaction steps are
gone through, as long as they are "protective groups".
Ar,, Ar,, and R!' to R’ have the same meanings as defined
above.

Examples of the protective group for the carboxy
group include substituted or unsubstituted alkyl groups
or aralkyl groups such as a methyl group, an ethyl group,

a tert-butyl group, and a benzyl group.



- 35 -

Synthesis of compound (4)

A compound (4) can be obtained by reacting an
optically active diamine compound (3) haviﬁg the
positional configuration shown above with carbon
disulfide or 1,1'—thiocarbonyldiimidézole. ~Here, the
solvent used in the reaction is not particularly limited
and examples thereof include ethanol, tetrahydrofuran,
dioxane, acetonitrile, dimetﬁylformamide, dichloromethane,
chloroform, toluene, and mixed solvents thereof. The
reaction temperature is usually in the range from -78 to
100°C or the boiling point of the solvent, preferably in

the range from around room temperature to 100°C.

Synthesis of compound (5)

A compound (5) can be obtained by reacting compound
(4) with a compound (A). Here, the solvent used in the
reactioﬁ is not particularly limited and examples thereof

include ethanol; tetrahydrofuran, dioxane, acetonitrile,

dimethylformamide, chloroform, tolpene, and mixed

solvents thereof. The reaction temperature is usually in

the range froﬁ -78 to 100°C or the boiling point of the

solvent, preferably in the range from around room

temperature to 100°C.

Synthesis of compound (6)

This step is performed for the deprotection of R!!.

N 74 CH3 CH2CH HCHCH2 CH HF N 75
0 .



sNCl - 27 - [Table 6] No. It' R le RA RS R R Ar, Ar2 76 CH CH2CH(CH3) 2
HCHCH3)2 CHB HF Iik CI N77 CH3 CH2F H CH(CH3) 2

- 36 -

Although deprotection reaction conditions differ
depending on the type of R'}, R may be deprotectéd by'
hydrolysis. When R'' is a methyl group, an ethyl group,

a benzyl group, or the Iike, a Compound (6) can be
obtained by treating compound (5) with a bése (e.qg.,
sodium hydroxide, potassium hydroxide, lithium hydroxide,
or potassium tert-butoxide) or hydrochloric acid, p-
.tolqenesulfonic acid, or the like. Here, examples of the
solvent‘useq in the reaction include metﬁanol, ethanol,
water, tetrahydrofuran, dioxane, and mixed solvents
thereof. However, organic solvents that can be mixed
with Water in an arbitrary ratio are preferred. The
reaction temperature is usually in the range ffom -78 to
100°C or the boiling point of the solvent, prefe;ably in
the range from around room temperéture to 100°C. When R
is a tert-butyl group or the like, compound (5) is
preferably treated with trifluorcacetic acid or
hydrochloric acid or the like. Here, the solvent used‘in
the reaction is not_particularly limited and examples
thereof include dichloromethane, chloroform, and mixed
solvents thereof. The reaction temperature is usually in
the range from -78 to 100°C or the boiling point of the
solvent, preferabiy in the ‘range from -20°C to around

room temperature.

Synthesis of compound (7)
A compound (7). can be obtained by reacting compound

(6) with an acid halogenating reagent such as thionyl



CH3HFIikd *0--C N-78. CH CHF2 HCH(CH3)2 CH3 HF 0 C N 79 CH3
cyclopropyl CHCH3)2 CHB HF 0 CI 0 C1 80 CH, cyclobutyl CH(CH) 2

- 37 -

chloride, oxalyl chloride, phosphqrus oxychloride, or 1-
chloro-N,N,2-trimethyl-1-propenylamine. Here, the
solvent used in the reaction is not particularly limited
and examples thereof include dichloromethéne, chloroform,
toluene, and mixed solvents thereof. Alternatively, the
reaction can be performed in the absence of a solvent.
The reaction temperature is usually in the range from -78
to 100°C or the boiling point of the solvent, preférably

in the range from 0 to 100°C.

Synthesis of compound (8)

A compound (8) can be obtained by reacting cbmpound
(7) with a compound (B) in the presenée of a base:
Examples of the base used can include organic bases such
as triethylamine, diisopropylethylamine, 4-
dimethylaminopyridine, N-methylmorpholine, pyridine, and
2,6—lutidiﬁe, and diazabicyclo[5.4.0]lundec-7-ene, and
inorganic bases such as potassium carbonate, sodiqm
carbonate, and sodium bicarbonate. Here, the solvent
used in the reaction is not particularly limited and
examples thereof include dichloromethane, chloroform,
tetrahydrofuran, ethyl acetate, toluene, and mixed
solvents thereof. However, dried solvents are preferfed.
The reaction temperature 'is usually in the range from -78
to 100°C or the boiling point of the solvent, preferably

in the range from -10°C to around room temperature.

Moreover, in another method, a compound (8) can be

obtained by reacting compound (6) with a compound (B) in
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the presence of a condensing agent. Here, examples of

the condensing agent used can include N,N'-
dicyclohexylcarbodiimide and l-ethyl-3-(3-
dimethylahinopropyl)carbodiimide. The solvent used in
the reaction ;s not particularly limited and examples
thereof include dichlofomethane, dimethylformamide,
tetrahydrofuran, ethyl acetate, and mixed solvents

thereof. The reaction temperature is usually in the

.range from -78 to 100°C or the boiling point of-the

'sclvent, preferably in the range from 0 to 50°C.

Moreover, a base such as triethylamine,
diisopropylethylamine, N-methylmorpholine, or 4-
dimethylaminopyridine can be.added, if nécessary.
Furthermore, l-hydroxybenzotriazole, N-hydroxysuccinimide,

or the like may be added as a reaction accelerator.

Synthesis of compound (9)
A compound (9) can be obtained by performing
deprotection under the reaction conditions used in the

method for producing compound (6) above.

Synthesis of compound (1)

A compound (1) can be obtained from compound (9) and
a compound (C) under reaction conditions described above
in another method for producing compound (8) above using
a condensing'agent. VMOreover, in another method, a
compound (1) can be obtained by reacting compound (9) and

a compdund (C) with an acid halogenating reagent such as



N 84 COCH3 CH3 HCH(CH3)2 CH3 HF 0 C N 85
CH HF G N

- 39 -

1;chloro—N,N,2—trimethyl—1—propenylamine in the presence
of a base. Here, exémples of the base used can include
organic bases such as triethylamine,
diisopropylethylamine, 4—dimethylaminopyridine, N-
methylmorpholine, pyridine, 2,6—lutiaine, and
diaéabicyclo[5.4.0]undec—7—ene; and inorganic bases such
as potassium carbonate, sodium carbonate, and sodium
bicarbonate. The solvent used in the reaction is ﬁot
particularly limited and examples.thereof include
dichloromethane, chloroform, toluene, and mixed solvents
thereof. The reaction temperature\is uéﬁally in the
range from -78 to 100°C or the boiling point of the

solvent, preferably in the range “from -20 to 50°C.
The compound (1) of the present invention can also

be produced by the following method.

[Production Method 2]

(1)

(B")

‘wherein R' means a protective group for the amino group;
and R! to R3, R6, and R’ have the same meanings as defined

above.
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Examples of the prdtective group'for the amino group
include a benzyloxycarbonyl group, a tert-

butyloxycarbonyl group, and a benzyl group.

Synthgsis of compound (10)

A compound (10) can be obtained from a compound (B')
and a compound (C) under the reaction conditions used in
the method for producing compound (1) (amidation of
compound (9) with a compound (C)) according to Production

Method 1 above.

Synthesis of compound (11)

Deprotection reaction conditions differ depending on
the. type of R'?. The synthesis may be performed under
reaction conditions usually used in this field. When R'?
is a benzyloxycarbonyl group or a benzyl group or the
like, deprotection can be performed by adding a reduction
catalyst such as palladium carbon and reacting compound
(10) in a hydrogen atmosphere or in the presence of a
hydrogen source such as ammonium formate. Here, the
solvent used in the reaction is not particularly limited
and exémples thereof include alcohols such as methanol
and ethanbl, tetrahydrofuran, dioxane, ethyl aéetate,
water, andlmixedlsolvents théreof. The reaction
temperature is usually in the range from -78 to 100°C or
the boiling point of the solvent, preferably in the range

from 0°C to around room temperature. Moreover, when R*?

is a tert-butyloxycarbonyl group or the like,

CHCH2 CH HF O C N87 COCF3 CH2CH3 HCH(CH2 CH3 HF N
2 F
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deprotection can be performed by treating the compound

(10) with trifluorcacetic acid or hydrochloric acid or

" the like. Here, the reaction solvent used in the

reaction is not particularly limited and examples thereof
include dichloromethane, chloroform{ tetiahydrofuran,
dioxane, methanol, ethanol, wafer, and mixed solvents
thereof. The reaction temperature is usually in the
range from -78 to 100°C or the boiling point of the
solvént, preferably in the'range from 0°C to around room

temperature.

Synthesis of compound (1)

A compound (1) can be obtained from compound (il)
and compound (6) or compound (7) ﬁnder the reaétion
conditions_used in the method for producing compound (8)
(amidation of compound (B) with a compound (6) or a

compound (7)) according to Production Method 1 above.

‘When R! in cOmpound kl) of the present invention is
a tert-butoxycarbonyl group; a benzyloxycarbonyl group,
or a trifluoroacetyl group, or the like usually used as a
protective group, a compound (1) wherein R! is a hydrogen
atom can be obtained under the reaction conditions used
in the method for producing compound (11) (deprotection
of R'? in compound (10)) according to Production Method 2
above or by treatment with a base such as sodium -
hydroxide, potassium hydroxide, sodium carbonate, or

potassium carbonate in a mixed solvent of methanol or

ik d -C1L N9 HCH 3 CH3 CH(CH) 2
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ethanol and water. Furthermore, when R' is a hydrogen
atom, it can be converted.to the defined substituent
using a conventional organic chemical method. For
example,'Rl_can\be converted to an alkyl'group or the
like by tfeatmgnt with a reducing égent such as sodium
cyanoborohydride or sodium triacetoxyborohydride in the
presence of an aldehyde dérivative. Moreover, R' can be
converted to an alkanoyl gfoup or an alkylsulfonyl group
-by reaction with an acid chloride derivative in the

presence of a base such as triethylamine.

The starting material compound (3) can be
synthesized according to the method described in the
document (Synlett, 1998, 623 or US2005/26916). Moreover,
compound (3) can also be synthesized by the following

method.

[Production Method 3]
' 0

M
Ar Ay R Ar, Ar ' Ar
1 (D) ! 13 ! 2
j _ ! . | — N—R"® — — (3)
. i : 13
zZ Ary” SRS Ar; RS Ar SH—R
(12) (13) - (14) (15)
wherein Z means a halogen atom such as a chlorine atom or
a bromine atom; R!?® means a trichloroethyloxysulfonyl

group, a p-toluenesulfonyl group, or the like; and Arg,

Ar,, and R® have the same meanings as defined above.

Synthesis of compound (13)



H CH2CH(CH3)2 H CH(CH) 2 CH3
H o

FFOGC *-0- NOI 94 HCHXOH HCHCH2 CH3 F F
0C *-0--C N 95 HH CH |

0
CHL)2 CH 3 F F

- 43 -

A compound (13) can be obtained by treating a
phosphonium salt or a.phosphqnic.acid ester obtained from
a reaction of a compound (12) and an brganic phosphorous
compound such as triphenylphosphine or triethyl phosbhite
with a base such as alkyl lithium, lithium
diisopropylamide, lithium bis(trimethylsilyl)amide,
sodium hydride, or potassium tert-butoxide and then
reacting the resulting product with a compound (D). Here,
the solvent used in this reaction is not particularly
limited and éxamples thereof includé diethyl ether,
tetrahydrofuran, toluene, dimethylformamide, dimethyl
sulfoxide, and mixed solvents thereof. However, dried
solvents are preferred. The reaction temperature is
usually in the range from —78 to 100°C or the boiling

point of the solvent, preferably in the range from -78°C

to room temperature.

Synthesis of compound (14)

A compound (14) can be synthesized according to
synthesis methods reported in various documents (e.g.,
Tetrahedron Letf?, 2005, 46 4031; J. Am. Chem. Soc., 2002,
124, 136672; J. Am. Chem. Soc., 2001/ 123, 7707; Synletﬁ,
2004, 525; and Japanese Patent Laid-Open No. 2000-72743).
For example, a compound (14) can be obtained by reacting
compound (13) with an alkoxysulfonamide derivative or an
arylSulfonamide derivative in the presence of a rhodium
catalyst after addition of an oxidizing agent such as

iodosobenzene acetate and a base such as magnesium oxide.
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Here, the solvent used in this reaction is net
particularly limited and examples thereof include diethyl
ether, tetrahydrofuran, toluene, acetonitrile, and mixed
solvents thereof. However, dried solvents are preferred.
The reaction temperature is usually in the range from -78
to 100°C.or the boiling point of the solvent; preferably

in the range from -20 to 80°C.

Synthesis of compound (15)

A compound (15) can be obtained by treating the
compound (14) with ammonia water. Here, the solvent used
'in this reaction is not particularly limited and examples
thereof include methanol, ethanol, water, tetrahydrofuran,
diokane, and mixed solvents thereof. However, organic
solvents that can be mixed with water in an arbitrary
ratio are preferred. The reaction temperature is usually.
in the range from -78 to 100°C or the boiling point of
the solvent, preferably in the range from room

temperature to 80°C.

Synthesis of compound (3)

A compound (3) can be obtained by treating compound
(15) with hydrochloric acid, sulfuric acid, or
trifluorocacetic acid, or the like. Here, the solvent
used in this reaction is not particularly limited and
.examples thereof include methanol, ethanol, water,
tetrahydrofuran, dioxane, and mixed solvents thereof.

However, organic solvents that can be mixed with water in
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an arbitrary ratio .are preferred. The reaction

temperature is usually in the range from -78 to 100°C or
the boiling point of the solvent, preferably in the range

from room temperature to 80°C.

[Production Method 4]

R : Ar,Li
o

|
OH : O _H or
Oy° Ar,MgZ
(D) —_— . —_— (o) —_— (@] _—
Ars”[*NH, Ar; u—q Ars H—<
R RS (@] R5 O
(16) (17) (18)
Ar, OH Ar, 0] Ar, 0] Ar, _N O
N
Ar; H—{ Ar; N_/< AN, AN o
R5 O R5 0] R

(19) (20) (21) (22)

Ar1 H ,/O '
— NN = (3)
AR O
Mo
(23)

wherein R! ‘means a protective group for the carboxyl
group; Z means a halogen atom such as a.chlorine atom or
a bromine atom and Ar,, Arz, and R5 have the same meanings
as defined above.
Synthesis of cdmpound (165

A compound (16) can be obtained by treating an
aminonitrile form obtained from a reaction (Strecker
reaction) of a compound (D) with potassium cyanide or

sodium cyanide, ammonium chloride, and ammonia water with
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a mineral acid (e.g., hydrochloric.acid or_sulfuric acid)
or an organic acid (e.g., p-toluenesulfonic acid or
methanesulfonic acid). Here, the solVent used in_the
reaction is not particularly limited and examples'theréof
include methanol, ethanol, watei, tetrahydrofuran,
dioxane, and mixed solvents thereof. The reaction
‘temperature is usually in the range from -20 to 100°C or
the boiling point of the solvent, preferably in the range

from around room temperature to 100°C.

Synthesis of compound (17)

Each of the carboxyl group and the amino group in
the compound: (16) may be protected according to a
standard method. Here, the order in which protective
groups are introduced is not particularly limited.
‘Hereinafter, each reaction will be described.
Esterification can be performed by treatment with a
halogenating reagent such as hydrogen chloride, sulfuric.
acid, or thionyl chloride in a lower alcohol appropriate
for R”y such as methanol or ethanol. The reaction
temperature is usually in the range from -78 to 100°C or
the boiling point of the solvent, preferably in the range
from 0 to 100°C. Moreover, the tert-butoxycarbonylation
of the amino group can be performed by reaction with di-
tert-butyl dicarbonate in the presence of a base such as
triethylamine, diisopropylethylamine, or 4-
dimethylaminopyridine. Here, the solvent used in the

reaction is not particularly limited and examples thereof
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include dichloromethane, chloroform, tetrahydrofuran,
ethyl acetate, acetonitrile, toluene, and mixed solvents
thereof. However, dried solvents are preferred. The
reaction temperature is usually in the range from -78 to
100°C or the boiling point of the solvent, preferably in

the range from 0 to 100°C.

Synthesis of compound (18)

- The ester group in compound (17) can be reduced by
reaction using a water-reactive reagent such as lithium
aluminum hydride at a temperature equal to or lower than
room temperature (preferably —40'to.O°C) in an aprotic
solﬁent such as diethyl ether,_tetrahydrofuran, or
dioxane to give an alcochol form. Moreover, similarly;
the reaction using sodium borohydride or the like_can be
performed at a temperature equal to or lower than room
temperature (preférably -20°C to around room temperature)
using a protic solvent such as methanol, ethénol, or
water, or a mixed solvent of the protic solvent and the
~aprotic ‘solvent to give an alcohol form. A compound (18)
can be obtained by reacting the alcohol form thus
obtained with an oxidizing agent such as chromic acid
[pyridinium chlorochromate (PCC), pyridinium dichromate
(PDC), etc.], dimethyl sulfoxide with oxalyl chloride
kSwern oxidation), dimethyl sulfoxide with acetic
ahhydride, dimethyl sulfoxide with a sulfur trioxide-
pyridine complex, 1,1,l—triacetoxy;l,1—dihydro—1,2—

benziodoxol—B(lH)—one (Dess—Martin.reagent), or 2,2,6,6-
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tetramethyl-1-piperidinyloxy (TEMPO) with hypoéhlorous
acid. Here, the solvent used in the reaction is not
particularly limited and examples thereof include.
dichloromethane, chloroform, tetrahydrofuran, eth?l
acetate, dimethyl sulfoxide, water, toluene, and mixed
solvents thereof. -The reaction temperature is usually in
the range froﬁ -78 to 100°C or the boiling point of the

solvent, preferably in the range from -78°C to around

room temperature.

‘Synthesis of compound (19)

A compound (19) can be obtained by reacting cdmpound
(18) with an aryl lithium compound (Ar;Li) or a Grignard
reagent (Ar;MgZ). The corresponding aryl lithium
compound or Grignard reagent is a commercially évailable
product or can be synthesized according to a standard
method. The Grignard reagent can be synthesized from the
corresponding aryl halide and magnesium metal, and the
organic lithium reagent can be synthesized by halogen-
metal éxchange from the corresponding aryl halide and a
commercially available aikyl lithium reagent or the like.

Here, the sol?ent used in the reaction is not
particularly limited and examples theregf include diethyl
ether, tetrahydrofuran, dioxane, toluene, and mixed
solvents thereof.. However, dried solvents are preferred.
The reaction temperature is usually in the rangé from -78
to 100°C or the boiling point.of the solvent, preferably

in the range from -78°C to around room temperature.
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Synthesis of compound (20)
A -compound (20) can be obtained by appropriately
selecting and using the oxidation reaction conditions

described in the method for producing compound (19).

- Synthesis of compound (21)
A compound (21) can be .obtained under the reaction
conditions used in the method for producing the compound
(11) according to Production Method 2 above, wherein R!?

is a tert-butyloxycarbonyl group. -

Synthesis of éompound (22)

- A compound (22) can be obtained by heating compound
(21) in the presedce of sulfamide and a base such as 1,8-
diazabicyclo[5.4.0]Jundec-7-ene. Here, the solvent used
in the reaction is not particularly limited and examples
thereof include diethyl ether, tetrahydrofuran, dioxane,
ethyl acetate, methanol, ethanol, isopropyl alcohoi,
ethylene glycol, acetonitrile, toluehe,'ahd mixed
solvents thereof. The reaction temperature is usually in
the range from -78 to 180°C or the boiling point of the

solvent, preferably in the range from 70 to 150°C.

Synthesis of compound (23)
A compound (23) can be obtained from-compound (22)

by appropriately selecting and using the reduction
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reaction conditions described in the method for producing

compound (18).

Synthesis of compound (3)

A compound (3) can be synthesized from compound (23)
according to the method described in the decument
(Synlett, 1998, 623—624 and US2005/0026916). Moreover,
in another method, a compound (3) can be obtained from
compound (23) by hydrolyzation in the presence of a base
such as pyridine or ethylenediamine. Here, examples of
the solvent used in the reaction include methanol,
ethanol, water, tetrahydrofuran, dioxane, ethylene glycol,
and mixed solvents thereof. However, organic solvents
that can be mixed with water in an arbitrary ratio are
preferred. ‘The reaction femperature is usually in the
range from 0 to 180°C or the boiling point of the sblvent,
preferably in the range from 60 to 120°C.

Tﬁe racemic compound (3) obtained by the production
method can be opticaliy resolved according to the method
described in the document (US2005/26916, Japanese Patent.
Laid-Open No. 2005-75754, and Tetrahedron Asymmetry, 1995,
6, 3).' For example, the racemic compound (3) can be
treated with an optical resolving agent such as L-(+)-
tartaric acid in a mixed solvent of‘methanol.or ethanol
and water to give crystélline tartrate. This tartrate 1is
treated with a base such as sodium hydroxide to give an
optically active diamine (3) having the positional

configuration shown above.
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The starting material compound (A) is a commercially
available product or can be synthesized according to the
mefhod described in the document (Tet:ahedron Asymmetry,
1995, 6, 2199).

The starting materiél'compounds (B) gnd (C) are
"commercially available products or.can be synthesized
according to methods described in the Reference Examples.

The starting material'compound (D) is a commercially
available product or can be synthesized according to the
method described . in various documents (e.g., J. Med. Chem.
2000, 43, 4781).

In one embodiment of the present invention, the
compound of the present invention can be used as a p53-
Mdm2 binding inhibitor and/or an Mdm2 ubiquitin ligase
~inhibitor because-it iﬁhibits the binding of p53 with
Mdm2 and the ubiquitination of p53 by MdﬁZ.

The éondition of the p53-Mdm2 binding can be
.examined by a method conventionally used by those skilled
in the art to examine binding conditions between proteins
(for example, immunological techniques, surface plasmon
resonance techniques, etc.). Examples of methods for
examining the condition of the Mdm2-p53 binding using an
immunological technique include an immuno-sedimentation
method and enzyme-linked-immuno-sorbent assay (ELISA).

An antibody used in such immunological techniques méy be
an anti-Mdm2 antibody and/or an anti—§53 antibody ﬁhat
can directly detect Mdm2 and/or p53. When MdﬁZ and/or

p53 is labeled with a tag (for example, a GST tag or a
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histidine tag) or the like, an antibody suitable for
labeling (for example, an anti-GST antibody or an anti-
histidine antibody) can be used: Methods for examining
the condition of the Mdmep53 binding using an
immunological technique are described in, for example,
W02003/51359, W02003/51360, U.S. Patent Application
Publication No. 2004/259867 or 2004/259884, and
W02005/110996. Methods for examining the condition of
the Mdm2-p53 binding using a surface plasmon resonance
technique are described in, for example, Science, vo0l.303,
pﬂ844—848, 2004.

Ubiquitin ligase activity of Mdm2 against p53 can be
examined by an ubiquitin ligase assay conventionally‘used
by thoSe skilled in the art. The ubiquitin ligase
activity can be detected by, for example, comparing
ubiquitination of p53 by ubiquitin activation enzyme (El),'
ubiquitin binding enzyme (E2), and ubiquitin ligase (E3)
(Mdm2) in the presénce and absence of a test compound
(for example, refer to WO2001/75145 and W02003/76608) .

In another embodiment, .the cbmpound of the present
invention can be used as an inhibitor of suppression of
the p53 transcription activity beéause it resto:eé

 functions of p53 as a transcription factor that is
suppressed by Mdm2 by inhibiting the binding of Mdm2 to
the p53 transcription activation domain. The inhibitor
of suppression of the p53 transcription activity can be
obtained by, for eiample, measuring the mRNA level or the

protein level of a protein whose transcription is
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regulated by p53 (for example, p21Wafl/cirl)

in the presence .,
or absence of a test compound by an mRNA measuring method
(for example, Northern blot) or a protein measuring
method (for example, Western blot) conventionally used by
those skilled in the art and.éele§£ing fhe test'COmpéﬁnd‘
as an inhibitor of suppressionvof the pb3 transcription
activity when the mRNA level or the protein level is
. increased in the presence of the test compound as
compared with that in the absence of the test compound.
Furthermore, the inhibitor of suppression of the p53
~transcription activity can also be identified by a
reporter éssay using the reporter activity of a reporter
gene including a p53 responsive element as an indicator.
In another embodiment, the compound of the present
invention can be used as a p53 degradation inhibitor
because it inhibits ubiquitination of p53 by Mdm2 and
thereby prevents. the degradation of p53 in proteasomes.
The p53 degradation inhibitor can be obtéined_by, for
example, measuring the protein level of p53 in the
presence or absence of a tést compound by a protein
measuring method (for example, Western_blot)
conventionally used by those skilled in the art and
selecting the test compound as a p53 degradation
inhibitor when the protein level is increased in the -
presence of the test compound as compared with that in
the absence of the test compound.
In another embodiment, fhe compound of the presént

invention can be used as an anti-tumor agent because it
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normalizes functions of p53 as a cancer-restraining gene
by inhibition of the Mdm2-p53 binding and/or
ubiquitination of p53 by Mdm2. .

Cellular growth inhibiting activity can be examined .
lby me£hoa; fér tegting'growth inhibiﬁién‘cbnventionaiiy_-
used by those Skiiled in the art. The cell growth
inhibition activity can be determined by;_for example,
comparing the levels of cellular growth (for example,
tumor cells) in thé presence or absence of.a test
compound as described in the following Test Example 2.
The levels of cellular growth can be examined by using,
for example, a test system for measuring living cells.
Examples ' of the method for measuring'liﬁing cellé inclu@e
the [3H]—thymidine uptaké test, the BrdU method, the MTT
assay; and so forth. |

Moreover, in vivo anti-tumor activity can be
examined by methods for testing anti-tumor activity
conventibnally used.by those skilled in the art. The in
vivo anti-tumor activity of the present invention can be
confirmed by, for example, transplanting various tumor
cells to mice, rats, or the like; after confirming the
engraftment of the transplanted cellé, orally or
intravenogsly administering the compound of the present
invention to the animals; a few days or a few weeks later,
_comﬁaring tumor growth in a drug-non-administered group"
with that in the compound—admihistered group.

The compound of thé present invention can be used

for the treatment of tumors or cancers, for ekxample, lung
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cancer, digestive system cancer, ovary cancer, uterine
éancer, breast cancer, liver cancer, head/neck region
cancer, blood cancer, renal cancer, and testicular tumors,
more3preferabiy'lung.cancer; breast caﬁcer{ prostafe
_cancef[ colon cancer, écutérmYéloid'leukemia, malignant
lymphoma, retinoblastoma, neuroblastoma, and sarcoma.
However, the present invention is not limited to these
'cancers.

A pharmaceutical composition of the present
invention can contain a compound of the present invention
and a pharmaceutically acceptable carrier and can be
administered as various injgctions such as intravenous
injection, intramuscular injection, and subcutaneous
injection or by various methods such as oral
administration or percutaneous administration.
Pharmaceutically acceptable carrier means a
pharmacologically acceptable material that is involved in
transport of the compound of the present invention or a
composition containing.tﬁe compoﬁnd of present invention
(for example,.an excipient, a diluent, an additive, a
solvent, etc.).from a given organ to another organ.

A formulation can be prepared by selecting a
suitable formulation form (for example, oral formulation
or injection) depending on the administration method and
using various conventionally used methods for preparing a
formulation. Examples of oral formulations include
tablets, powders, granules, capsules, pills, lozenges,

solutions, syrups, elixirs, emulsions, oily or agqueous



127 CH, CHF2 "H CH(CH)2 CH, HF N 128 CH, cycl opropyl CH(CH) 2 CHB HF IW
Cl *-0--Cl N129 HCH3 HCH(CH2 CH, F F likd

_56_

suspensions, and so forth. In oral administration, the
free compound or a salt form may be used. An aqueous
,forﬁulation can be prepared by forming an acid adduct
 with'a pharmacologically'acceptable acidjor'by_fofﬁing an
alkali-mefal sal£ such as sodium. As an injection, d
stabilizer, a preservative, a dissolving aid, and the
“like can be used in the formulation. After filling a
solution that may contain these aids and the like in a
vessel, a formulation for use may be prepared as a solid
formulation by lyophilization or the like. Furthermore,
one dose may be filled in one vessel, or two or more
doses may be filled in a vessel.

Examples of solid formulations include tablets;
powders, granules, capsules, pills, and lozenges. These
solid formulations may contain pharmaceutically
acceptable additives together with a compound of the
present invention. Examples bf additives include fillers,
extenders, binders, disintegrating agents, dissolution
promoting agents, skin wetting agents, and lubricants,
and-these can be selected and mixed as required to
prepare a formulatioh. |

Examples of liquid formulations include solutions,
syrups, elixirs, emulsions, and sﬁspensions. Theée
liquid formulations may contain pharmaceutically
"acceptable additives togefher_with a compound of the
present invention. Examples of additives include .
suspending agents and émulsifiers, and these are selected

and mixed as required to prepare a formulation.
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The compound of the present invention can be used in
cancer treatment of mammals, in particular, humans. The
dose and. the administration interval can be suitably
selected-débénding onlthé site-Of the disease, fhé
patient‘s ﬁe;ght,'body weight; sex, or medical history,
according to a physician's judgment. When the compound
of the present invention is administered to a human, the
dose range is abprox. 0.01 to 500 mg/kg body weight per

~day, preferably, approx 0.1 to 100 mg/kg body weight.
Preferably, thé compound of the present invention is
.administered to a human once a day, or the dose is
divided two to four times, and administration is repeatea
at an appropriate intefval.- Furthermore, the daily dose
may exceed the above-mentioned dose at a physician's |
discretion, if necessary.

The compound of the present invention may be used in
combination with an additional anti-tumor agent.

Examples thereof include anti-tumor antibiotics, anti-
tumor plaﬁt constituents, BRMs (biological response
modifiers), hormones, vitamins, anti-tumor antibodies,
molecular target drugs, and other anti-tumor agents.

More specifically, examples of alkylating agents
include: alkylating agents such as hitrogen-mustard,
nitrogen mustard N-oxide, and chlorambucil; aziridine
alkylating agents such as carboquone and thiétepa;
epoxide alkylating agents such as dibromomannitdi and
dibromodulcitol; nitrosourea.alkylating agents such as

carmustine, lomustine, semustine, nimustine hydrochloride,
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sfreptozocin, chlorozotocin, and ranimustine; and
busulfan, improsulfan tosylate, and dacarbazine.

Examples of various metabolic antagonists include:
purine metabolic éntagonists such as 6—mercaptopurine/:6—
thioguanine, gna thioinosine; pyrimidine-metabolic'
antagonists such as fluorouracil, tegafur, tegafur-uracil,
carmofur, doxifluridine, broxuridine, cytarabine, and
enocitabine; and folic acid metabolic antagonists such as
methotrexate and trimetrexate.

Examples of anti-tumor antibiotics include: anti-
tumor anthracycline antibiotics such as mitomycin C,
bleomycin, peplomycin, daunorubicin, aclarubicin, |
doxorubicin, pirarubicin, THP—adfiamycin, 47—
epidoxorubicin, and epirubicin; and chromomycin A3 and
actinomycin D.

Examples of anti-tumor plant constituents include:
vinca alkaloids such as vindesine, vincristine, and
vinblastine; taxanes such as paclitaxel énd docetaxel;
and épipodophyllotoxins such as etoposide and teniposide.

Examples of BRMs include tumor necrosis factors and

. indomethacin.

Examples of hormones include hydrocortisone,
dexamethasone, methylprednisolone, prednisolone,
prasterone, betamethasone, triémcinolone, oxymetholone,
nandrolone, metenolone, fosfestrol, ethinylestradiol,
chlormadinone, and medroxyprogesterone.

Examples of vitamins include vitamin C and vitamin A.



CH3)2 CH3 F F IWC *-0-Cl N - 31 - [Table 10] No. It' 122 R 124 R5
r, Ar2 136 CH, CH CH H CH(CH ), CH F F likC :

>

- 596 -

Examples of anti—tumor anﬁibodies and molecular
- target drugs include trastuzumab, rituximab, Cétuximab,_
_nimotuzuméb, denosumab, beVacizumab,*infliximéb( ima;inib
.heéiiéte; gefitinib; erlotiniﬁ; sﬁnitinib;'lapafinib, ana' -
sorafenib. | |

Examples of other anti-tumor agents include
cisplatin; carboplatin, oxaliplatin, tamoxifen,
camptothecin, ifosfamide, cyclophosphamide, melphalan, L-
asparaginase, aceglatone, sizofiran, picibanil,
procarbazine, pipobroman, neocarzinostatin, hydroxyurea,
ubenimex, and krestin.

The present invention also includes a method for
preventing and/or treating cancer, comprisiné
administering a compound of the present invention or a
salt thereof.

The present invention further includes use of a
compound of the present invention, a salt, or a solvate
thereof for the manufacture of the medicament.

Hereinafter, the present invention will be
specifically explained with reference to the Examples.
However, the present invéntion is not limited to these
examples, and they should not be construed in any
limitative way. Furthermore, reagents, solvents, and
starting materials in the specification can be readily
obtained from commercially available supply sources

unless otherwise specified.

Examples
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Example ‘1

‘Step 1: 7-[(4R)-1-{[(5R,6S)-5-(4-chloro-3-fluorophenyl) -
6-(6-chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[Z,l—b][1,3]thiazol—2—yl]carbonyl}—4—
fiuoro—L—prolyl]—4—(trifluoroacétyl)—4,7—
diazaspiro[2.5]octane

Thionyl chloride (0.50 ml) and dimethylformamide (2
drops) were added to a 1,2-dichlorocethane (10 ml)
suspension of the compound (470 mg, 1.00 mmol) obtained
in Step 13 of Reference Example 1, the resulting mixtﬁre
was stirred under heating at 70°C for 1 hour and then the
solvent was concentrated under reduced pressure. The
residue obtained was dissolved in tetrahydrofuran (10 ml)
and added dropwise to a tetrahydrofuran (10 ml) solution
of the compound (380 mg, 1.20 mmol) obtained in Step 2 of
Reference Example 3 and triethylamine (0.42 ml, 3.00
mmol) undéfﬁice cooling and the reéulting mixture was
stirred at room temperature for 20 hours. The reaction
mixture was diluted with ethyl acetate. and the organic
layer was washed with saturated aqueous sodium
bicarbonate solution and saturated brine and dried over
anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure and the residue obtained was

purified by NH-silica gel column chromatography [n-
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hexane:ethyl acetate = 1:5 (v/v)] to give the title
compound (399 mg, 51%) as a colorless solid.

7H-NMR (400 MHz, DMSO-de, 90°C) &: 0.93 (3H, d, J=7.1 Hz),

0.93 (3H, d, J=7.1 Hz), 0.98-1.12 (4H, m), 1.77 (3H, s),
2.05-2.15 (1H, m), 2.54-2.60 (1H, m, 2.61-2.67 (1H, m),
3.49-3.57 (2H, m), 3.63-3.83 (5H, m), 3.87-3.97 (1H, m),
5.06-5.09 (1H, m), 5.36 (1H, d, J=53.7 Hz), 5.51 (1H, s),
6.73-6.77 (1H, m), 6.91-6.97 (1H, m), 7.17 (1H, d, J=8.3
Hz), 7.34 (1H, t, J=7.9 Hz), 7.65 (1H, dd, J=8.3, 2.7 Hz),
8.26 (1H, d, J=2.4 Hz).

MS (ESI) m/z: 771 [(M+H)"].

Step 2: 7-[(4R)~-1-{[(5R,6S)-5~-(4-chloro-3-fluorophenyl) -
6—(6—chloropyridin—3—yl)—3—isépropyi—6—methyl—5,6—
dihydroimidazo[2,1-b][1,3]thiazol~2-yl]carbonyl}-4-
fluoro—L—brolyl]—4,7—diazaspiro[2.5]octane

The compound (390 mg, 0.51 mmol) obtained in Step 1
above was dissolved in 10% aqueous methanol (8 ml),
potassium carbonate (400 mg, 2.89 mmol) was added and the
resulfing mixture was stirred under heating at 40°C for 2
hours. The solvent was concentrated under reduced
pressure and then the residue obtained was diluted with
ethyl acetate, washed with saturated brine, and then
dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure and the residue
obtained was purified by-silica gel column chromatography
[chloroform:methanol = 15:1 (v/v)] to give the title

Q

compound (190 mg, 55%) as a coclorless solid.
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'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.44-0.52 (4H, m), 0.93
(3H, d, J=6.8 Hz), 0.94 (3H, d, J=6.8 Hz), 1.78 (3H, s),

- 2.05-2.15 (1H, m)(_2;56—2.64‘(1H{ m), 2.61-2.69 (1H, m),
2;73-2.75'12H;-m), 3;31—3.39 (2H; m), 3.43-3.50 (2H, m), ;
3.74 (1H, dd, J=35.8, 12.1 Hz), 3.91 (1H, dd, J=19.2,

12.6 Hz), 5.02-5.06 (1H, m), 5.35 (1H, d, J=53.7 Hz),

5.52 (1H, s), 6.73-6.78 (1H, m), 6.92-6.99 (lH, m), 7.18
(1H, dd, J=8.3, 0.7 Hz), 7.35 (1H, t, J=8.1 Hz), 7.66 (1H,
dd, J=8.3, 2.7 Hz), 8.27 (l1H, d, J=2.4 Hz).

MS (ESI) m/z: 675 [(M+H)"].

Anal. Calcd. for CsHsClyFoNg0pS-0.25 H,0: C, 56.51; H,

5.11; N, 12.36; F, 5.59; Cl, 10.43; S, 4.71. |
Found: C, 56.33; H, 5.10; N, 12.20; F, 5.55; Cl, 10.21; s,

4.73.

Example 2

F
F
F c
o 5 N YF ¢ F
oH Step 1 ?‘5’ Step 2
—_— ~N © — o
(T CI N e »vh "
o e
o 3 R

Step 1: (65);7-[(4R)—1—{[(5R,6S)—5—(4—chloro—3—
fluorophenyl)-6-(6-chloropyridin-3-yl)-3-isopropyl-6-
methyl—S,6—dihydroimidazo[2,1—5][1,3]thiazol—2—
yvl]carbonyl}-4-fluoro-L-prolyl]-6-methyl-4-
(trifluorcacetyl)-4,7-diazaspiro[2.5]octane
Triethylamine (0.12 ml, 0.86 mmol), 1-(3-
dimefhylaminopropyl)—3—ethylcarbodiimide hydrochloride

(100 mg, 0.52 mmol), and l-hydroxybenzotriazole (53 mg,
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0.43 mmol) were added to a dimethylformamide (3 ml)
solution of the compound (200 mg, 0.43 mmol) obtained in
-Step\13 Qf_Reﬁefence Example 1l and the combound (159_mg}
Ql47 mmoi)3bbtéiﬁed in Step 2”offReferénée Egéﬁblé-S;éndi 
the resulting mixture was stirred at room températuré fo;
24 hours. The reaction mixture was diluted with ethyl
acetate; waéhed with saturated aqueous sodium bicarbonate
solution, water, and saturated brine, and then dried over
anhydroﬁs sodium sulfate. The solvent was evaporated
under reduced pressure and the residue obtained was
purified by silica gel column chromatography [n-
‘hexane:ethyl acetate =1:1 (V/v)] to give the title
compound (286 mg, 85%) as a pale yellow solid.

'"H-NMR" (400 MHz, DMSO-dg, 100°C) &: 0.72-0.74 (2H, m),
0.92 (3H, d, J=7.1 Hz), 0.%6 (3H, d, J=7.1 Hz), 1.12 (3H,
brd, J=6.1 Hz); 1.30 (1H, m), 1.49 (1H, m), 1.78 (3H, s),
_2.17 (l1H, m), 2.58-2.65 (2H, m), 3.54-3.57 (3H, m), 3.78-
3.92 (3H, m), 4.69 (1H, m), 5.01 (1H, m), 5.39 (1lH, d,
J=53.1 Hz), 5.51 (1H, s), 6.76 (1H, d, J=8.3 Hz), 6.95
(1H, d,.J=8.3 Hz), 7.17 (1H, d, J=8.3 Hz), 7.34 (1lH, t,
+ J=8.3 Hz), 7.65 (1H, dd, J=8.3, 2.7 Hz), 8.26 (1lH, d,

J=2.7 Hz).

MS (ESI) m/z: 785 [(M+H)'].

Step 2: (6S)-7-[(4R)-1-{[(5R, 6S)-5-(4-chloro-3-
fluorophenyl)-6-(6-chloropyridin-3-yl)-3-isopropyl-6-

methyl-5, 6-dihydroimidazo(2,1-b][1,3]thiazol-2-
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yl]carbonyl}—4—fluoro—L—prolyl]—6—methyl—4,7—.
diazaspiro[2.5]octane - |

The compound thainéd in Step 1.above was reacted in
thé samé way'aéainTStep 2 szEx;mple l;tbuéive-ﬁhe title
compoﬁnd as a colorless solid. | |
'H-NMR (400 MHz, DMSO-dg, 100°C) &: 0.35-0.41 (2H, m),
0.57-0.59 (2H, m), 0.92 (3H, d,.J=7.1 Hz), 0.95 (3H, d,
J=7.1 Hz), 1.21-1.22 (3H, brd, J=5.6 Hz), 1.28 (1H, m),
1.78 (3H, s), 2.14 (1H, m), 2.55-2.66 (3H, m), 3.21-3.44
(ZH, m), 3.75 (1H, ddd, J=36.6, 12.8, 2.9 Hz),'3.92 (1H,
dd, J=18.2, 12;8 Hz), 4.33 (1H, m), 4.97 (1lH, m), 5.36
(1, d, J=52.9 Hz), 5.50 (1H, s), 6.75 (1H, d, J=8.3 Hz),
6.95 (1H, d, J=8.3 Hz), 7.17 (1H, dd, J=8.3, 0.6 Hz),
7.34 (1H, t, J=8.3 Hz), 7.65 (1H, dd, J=8.3, 2.4 Hz),
8.26 (lH, dd, J=2.4, 0.6 Hz).
MS (ESI) m/z: 689 [(M+H)'].
Anal. Calcd. for Cj33H36ClyF3Ng0,5-1.25 H,O0: C, 55;65; H,
5.45; N, 11.80. |

Found: C, 55.25; H, 5.23; N, 11.32.

Example 3

Step 1: (6R)-7-[(4R)-1-{[(5R,6S)-5~(4-chloro-3-
fluorophenyl)-6-(6-chloropyridin-3-yl)-3-isopropyl-6-

‘methyl-5, 6-dihydroimidazo{2,1-b][1,3]thiazol-2-
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yl]Qarbonyl}—4—fluoro—L—prdlyl]—6—methyl—4—
(trifluoroacetyl)—4,7—diazaspiro[2.5]octane
The compound obtained in Step 13 of Réference
Examble 1 Qaé reacted.in‘the saﬁé way>as in Step 1 of
Example 2 using the compound obtained in Step 2 of
Reference EXample 7 instead of the compound obtained in
Step 2 of Reference Example 5 té give the title compound
as a colorless solid.
'H-NMR (400 MHz, DMSO-de, 100°C) &: 0.71-0.73 (1H, m),
0.89-0.92 (1H, m), 0.93 (6H, d, J=7.1 Hz), 1.10-1.13 (3H,
m), 1.30-1.32 (1H, m), 1.47-1.49 (1H, m), 1.77 (3H, s),
2.06-2.08 (1H, m), 2.61-2.68 (1H, m), 3.51-3.54 (3H, m),
3.71-3.81 (1H, m), 3.90-3.95 (2H, m), 4.61 (1H, brs),
~5.04 (1H, t, J=8.1 Hi), 5.34 (1H, d, J=54.0 Hz), 5.50 (1H,
s), 6.74 (1H, d, J=7.8 Hz), 6.93 (1H, d, J=7.8 Hz), 7.16
(1H, dd, J=8.3, 0.7 Hz), 7.33 (1H, t, J=7.8 Hz), 7.64 (1H,

dd, J=8.3, 2.4 Hz), 8.25 (1H, t, J=1.3 Hz).

Step 2: (6R)-7-[(4R)-1-{[ (5R, 6S)~5-(4-chloro-3-
fluorophenyl)—6—(6—chloropyridin—3—yl)—3—isopropyl—6—
methyl;S,6—dihydroimidazb[2,l—b][1,3]thiazol—2— o
yl]carbonyl}—4—fluoro—L—prolyl]—é—methyl—4,7—
diazaspiro[2.5]octane

The compound obtained in Step 1 above was reacted in
“the same way as in Step 2 of Example 1 fo give the title
compound as a colorless solid.
'"H-NMR (400 MHz, DMSO-d¢, 100°C) &: 0.35-0.37 (2H, m),

0.55-0.57 (2H, m), 0.92 (3H, d, J=7.1 Hz), 0.93 (3H, d,
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J=7.1 Hz), 1.26 (3H, brs), 1.76 (3H, s), 1.99-2.02 (1H,

m), 2.32-2.34 (1H, m), 2.61-2.68 (3H, m), 2.86-2.92 (1H,
m), 3.30-3.32 (I1H, m), 3.72 (1K, dd, J=36.3, 11.9 Hz),
3.90 (1H, dd, J=19.9, 12.8 Hz), 4.17-4.20 (1H, m), 5.00
(1, t, J=8.0 Hz), 5.32 (1H, d, J=53.1 Hz), 5.48 (1H, s),
6.73 (1H, d, J=8.3 Hz), 6.92 (1H, d, J=8.3 Hz), 7.15 (1H,
d, J=8.3 Hz), 7.31 (1H, t, J=7.9 Hz), 7.63 (1H, dd, J=8.3,

2.7 Hz), 8.24 (1H, d, J=2.7 Hz).

' MS (ESI) m/z: 689 [(M+H)'].

Anal. Calcd. for C33H36C12F2N6028'1.25 H,O: C, 55.65; H,
5.45; N, 11.80.

Found: C, 55.26; H, 5.19; N, 11.85.

F
) ¢ \gqg
oH Step 1 p'F Step 2 F
—————i O — o
]
o °? :

Example 4

Step 1: (6S)-7-[(4R)-1-{[(5R,6S)-5-(4~chloro-3-
fluorophenyl)—6—(6—chloropyridin—3—yl)—3—isopropyl¥6f
methyl—S,6—dihydroimidazo[2,l—b][l,3]thiazol—2—
yl]carbonyli—4—fluoro—L—prolyl]—6—ethyl—4—
(trifluoroacetyl)-4,7-diazaspiro[2.5]octane

The compound obtained in Step 13 of Reference
Example 1 was-reacted in the same way as in Step 1 of
Example 2 using the compound obtained in Step 2 of

Reference Example 9 instead of the compound obtained in

, * ON 154 H CH2CH3 H CH(CH)2 CH, H
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Step 2 of Reference Example 5 to give the title compound

as a colorless solid.

'"H-NMR (400 MHz, DMSO-ds, 90°C) &: 0.67-0.74 (2H, m),
0.80-0.85 (3H, m), 0.91 (3H, d, J=7.1 Hz), 0.94 (34, d,
J=6.8 Hz), 1.25-1.33 (1H, m), 1.43-1.53 (3H, m), 1.77 (3H,
s), 2.17-2.27 (2H, m), 2.55-2.63 (1H, m), 3.37-3.97 (6H,
m), 4.06-4.13 (1H, m), 4.49-4.53 (1H, m), 5.40 (1H, d,
J=52.2 Hz), 5.51 (1H, s), 6.72-6.78 (1H, m), 6.92-6.99
(1H, m), 7.17 (1H, d, J=8.3 Hz), 7.34 (1H, t, J=8.1 Hz),
7.65 (1H, dd, J=8.4, 2.6 Hz), 8.26 (1H, d, J=2.2 Hz).

MS (ESI) m/z: 799 [ (M+H)'].

Step 2: (65)—7—[(4R)—1—f[(5R,6S)—5;(4—chloro—3—
fluorophenyl)-6-(6-chloropyridin-3-yl)-3-isopropyl-6-
methyl-5, 6-dihydroimidazo([2,1-b][1,3]thiazol-2-
yl]carbonyl}-4-fluoro-L-prolyl]-6-ethyl-4,7-
diazaspiro[2.5]§ctane

The compound obtained in Step 1.above was reacted in
the same way as in Step.2 of Example 1 to give the title
compound as a éoiorless soiid.
'"H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.31-0.39 (2H, m),
0.50-0.58 (2H, m), 0.78-0.84 (3H, m), 0.91 (3H, d, J=7.3
Hz), 0.93 (3H, d, J=7.1 Hz), 1.65-1.73 (2H, m), 1.77 (3H,
s), 2.09-2.22 (1H, m), 2.30-2.36 (1lH, m), 2.56-2.63 (1H,
m), 2.72—2.77 (2ZH, m), 3.46-3.58 (2H, m), 3.70-3.95 (2H,
m), 4.12-4.20 (1H, m), 4.89-4.95 (1H, m), 5.37 (1lH, d,

J=53.2 Hz), 5.50 (1H, s), 6.72-6.79 (1lH, m), 6.91-6.99
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(1H, m), 7.17 (1H, d, J=8.3 Hz), 7.34 (1H, t, J=7.9 Hz),

7.65 (1H, dd, J=8.4, 2.6 Hz), 8.26 (1lH, d, J=2.4 Hz).

MS (ESI) m/z: 703 [ (M+H)*].

Anal. Calcd. for Ci3zH3sCl,F,Ng0,8-0.25 H,0: C, 57.66; H,

5.48; N, 11.87; F, 5.37; Cl1, 10.01; S, 4.53.
Found: C, 57.56; H, 5.49; N, 11.74; F, 5.32; Cl1, 9.78; S,

4.49.

Example 5

(6R)-7-[(4R)-1-{ [ (5R, 6S)-5-(4~-chloro-3-fluorophenyl)-6-
(6-chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6~
dihydroimidazo[2,1-b]j[1l,3]thiazol-2-yl]carbonyl}-4-
fluoro-L-prolyl]-6-ethyl-4-(trifluorcacetyl)-4,7-
diazaspiro[2.5]octane |

The compound obtained in Step 13 of Reference
Example 1 was reacted in the same way as in Step 1 of
Example 2 using the compound obtained in Step 2 of
Reference Example 11 instead of the compound obtained in
Step 2 of Reference Example 5.to give the title.compound

as a colorless solid.

lH-NMR (400 MHz, DMSO-dg, 90°C) &: 0.69-0.75 (2H, m),

0.79-0.86 (3H, m), 0.94 (6H, 4, J=7.1 Hz), 1!05—1.14 (1H,

m), 1.26-1.33 (1H, m), 1.45-1.53 (3H, m), 1.78 (3H, s),

N 159 HCH HCHCH3)2 CH -FFF* CF, N160 H CH2CH3
*
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1.92-2.12 (1H, m), 2.60-2.70 (1H, m)) 3.27-3.49 (2H, m),
3.64-3.84 (2H, m), 3.89—3.99 (1, m), 4.14-4.25 (1H, m),
4.58-4.64 (1H, mﬁ, 5.06-5.12 (1H, m), 5.35 (1H, d, J=55.7
‘Hz), 5.52 (1H, é), 6.74-6.79 (1H, m), 6.92-6.98 (1H, m),
7.18 (1H, d, J=8.3 Hz), 7.35 (1H, t, J=7.9 Hz), 7.66 (1H,
dd, J¥8.2, 2.3 Hz), 8.27 (1H, d, J=2.2 Hz).

MS (ESI) m/z: 799 [(M+H)'].

Anal. Calcd. for Cs3¢H37C1;F5Ng0O3S-0.5 H,0: C, 53.47; H,

4.74; N, 10.39; F, 11.75; C1, 8.77; S, 3.97.

Found: C, 52.97; H, 4.52; N, 10.37; F, 12.45} Cl, 7.90; s,
3.94.

Example 6

(6R)-7-[(4R)-1-{[(5R, 6S)-5~-(4-chloro-3-fluorophenyl)-6-
(6-chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[2,1-b][1,3]thiazol-2-yl]carbonyl}-4-
‘fluoro-L-prolyl]-6-ethyl-4,7-diazaspiro[2.5]octane

The compound obtained in Example 5 was reacted in
the same way as in Step 2.of Example 1 to give the title
compound as a colorless solid.
Ii-NMR (400 MHz, DMSO-dg, 70°C) &: 0.25-0.38 (2H, m), |
0.49-0.55 (1H, m), 0.57-0.64 (1H, m), 0.78-0.98 (3H, m),

0.93 (6H, d, J=7.1 Hz), 1.62-1.72 (1H, m), 1.77 (3H, s),



HF 1, ci likal0 HCH2CHB H.CMCH3)2 CH3 H F O . I, d 164 HH H
CH(CH3)2 CH, HF . C N 165 H CH3
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1.86-2.13 (1H, m), 2.40—2.45‘(1H, m), 2.59-2.67 (1H, m),
2.69-2.84 (3H, m), 3.49 (1H, dd, J=13.3, 6.5 Hz), 3.63-
3.82 (2H, m), 3.86-3.97 (1H, m), 4.17-4.24 (1H, m), 4.98-
5.06 (1H, m), 5.33'(1H,.dd, J=53.1, 20.1 Hz), 5.53 (1H,
s), 6.71—6.75 (1H, m), 6.93-6.99 (1lH, m), 7.19 (1H, d,
J=8.3 Hz), 7.35 (1H, t, J=7.4 Hz), 7.66-{1H, dd, J=8.4,
2.3 Hz), 8.26 (lH, d, J=2.2 Hz).

MS (ESI) m/z: 703 [(M+H)"].

Anal. Calcd. for Cs34H3gCl,F,Ng055-0.25 H,0: C, 57.66; H,
5.48; N, 11.87; F, 5.36; Cl, 10.01; S, 4.53.

Found: C, 57.71; H, 5.40; N, 11.65; F, 4.99; Cl, 9.43; s,

4.43.

Example 7

(6R)—7—[(4R)—1~{[(5R,6S)—5—(44chloro—3—fluorophenyl)—6—
(6—chloropyridin—3—yl)—3—isbpropyl¥6—methyl—5,6—
dihydroimidazo[2,1-b] [1,3]thiazol-2-yllcarbonyl}-4-
fluoro-L-prolyl]-6-isobutyl-4,7-diazaspiro[2.5]octane
The compound obtained in Step 13 of Reference
Examplé 1 was reacted in the same way as in Step 1 of
Example 2 using the compound obtained in Step 2 of
Reference Example 13 instead of the compound obtained in

Step 2 of Reference Example 5 and then reacted in the



HCHCH2 CH3 HF |lik G "N 166 H CH2CH3 H CH(CH3)2 CH 3 HF . C N
Next, a representative nethod for producing a conpound represented by

general formula (1) will be explained. The conpound of the present
i nvention can be produced by various_pr gdqcti on net hods and the foll ow ng
production nethods are illustrative ang shoul d not be construed in any

limtative way. Reactions shown bel ow can be perfornmed by protecting
substituents with appropriate protective groups, if necessary, and the
types of prfetide i odps e hortf garanels af 140 | giwe ethe [Probrict i on Met hod
1] wherein Z neans a hal ogen atom such as a chlorine atom or brom ne
atom Ril rEdHCHDrat ebtRUE grouP ot tHé: carboxy group; R12 means a

~protective group for the amno group. It is to be noted that these
"protective —INB%DSMOIQBIS\/JHHG PHEOs e bP O 11 éht2dmi 17 t (fdlr éot i on st eps

th ) ' t ' pr ti " A Ar2, - d
e Oone,  OuA OF |00 58, LISKAIE SR aLectiLe SIaURe gy AR an
protective groyip i@,lr dyhe €arRoxy Or oUp. 'n%f{:a;%;‘qé—@%é t Hfﬁde@[w f@w—st' tuted

al kyl groups or aral kyl groups such as a group, an’ group, a
tert-butyl group1@ndn)g beneyls goupy, w35 3. YNthesi & of ;Lospound (4)
A compound (4)- can be obtained by reacting an optically active dianine
conmpound ( 3)2 Mav g thepasiltd onal, eonfigurati one sfown mpbove, s t hhgar bon
disul fide or 1,1'-thiocarbonyldiimdazole. Here, the solvent used in the
reaction i ssnoté p&t(1dul ab,l W48 . tHed ,angl. Exaiil esd t heseof Hac! udel &t hanol
t etrahydr of ur an, »

(lH, d, J=8.3 Hz), 7.34 (1H, t, J=8.1 Hz), 7.66 (1lH, dd,

J=8.3, 2.4 Hz), 8.27 (1H, d, J=2.4 Hz).

MS (ESI) m/z: 731 [(M+H)'].

Anal. Calcd. for CsgHsaClpFaNg0,S-0.5 H,0: C, 58.37; H,
5.85; N, 11.35. | o

Found: C, 58.42; H, 5.77; N, 11.17.

Example 8

4—[(4R)—l—{[(5R,6S)—5—(4—chloro—3—fluorophenyl)—6—(6—
chloropyridin—3—yl)—3—isopropyl;6—methyl—5,6—
dihydroimidazo[Z,l—b][l,3]thiazol—2—yl]carbonyl}—4—
fluoro—L—prolyl]—4,9—diazaspiro[2.2.2.2]decane

The compound obtained.in Step 13 of Réference
Example 1lwas reacted in the same way as in Step 1 of
Example 2 using thé compound obtained in Step 2 of

Reference Example 15 instead of the compound obtained in



di oxane, acetonitrile, dinethylformam de, dichloronethane, chloroform

tol uene, and m xed sol vents thereof. The reaction tenperature is usually in
the range from-78 to 100C or the boiling point of the solvent, preferably
in the range.fromaround roomtenperatyse_to 100C. Synthesis of conpound
(5) A conpound (5) can be obtained by reacting conmpound (4) with a
conpound (A). Here, the solvent used in the reaction is not particularly:

limted an% exagpl%s t?ereof i ncl ude et hanol, tetrahydrofuran, dioxane,
“acet oni t ri P&EPAFmBthFPESFRERCIEX2BRILEr of G e udTECtefd 1M ¥&¢ sol vent s

thereof. T reaction te rature d s usually in the range fragm-78 to 100C
or the boiEgﬁﬁ'H%Vngso%npﬁgego#vgﬁi?XSP' rﬁbﬁfiQ+W9u§¢%ﬂﬁﬁ?#%on1around

room t enper r 0.10QC, Si f, conpound (6) This step is perforned
for the deﬁ?@ g@?ﬁoﬁ%og ﬁ8}§¥?gg§ F%le' Al t hough deprotection reaction

condi tions1idi r endi, ng the t f R, R tectied by
hydrolysis.gv&%ﬁ ﬁ??eigg%’nggﬁglgg?dﬁg?) nsét#yﬁﬁ%rgﬁ%,qg g%%;y e‘f{g?izr)dup, or
the Iike, a.ggnmuaundt(6)=0an be)gbtaioned dpy U eatdg sonpounggs) Mith a
base (e.g., sodium hydroxide, potassium hydroxide, |ithium hydroxide, or
pot assi um t(éHt, - buit, oxi.de) (6H, hydr,ochllgr i(@Haciadi, pt=aleuenesula eo1¥)G aci d, or
the like. Here, exanples of the solvent used in the reaction include

met hanol , &t-B&nal. 7 4wdBEr, m) et Balgdr(@Hur aid, di=G¥arde, 1l@nd zved 3dl9vent s

t her eof . However, organic solvents that can be mxed with water in an
arbitrary fatifo (aHe pWef &rrédd.(lTihe speadt-i3dn (éhperatlmdS -i5 Hrsuald-plin the
range from-78 to 100C or _t he boiling point of the solvent, preferably in

the range ft8m & oufd /Podhilt efiperat’uPe HiZd 1 16085 Widh Ryl J9 -3 tedt- buty

group or the.Li caonmpaund . (5) .is_preferably treated with _trifl uoroacetic

acid or hygr&éhhgﬁi’c%acgagoﬁ Phdri kel e e, trnd ol e rudedS rf ohe |

reaction i gqnot._panti guha | igmte nd ex | es ereof include

dichIorone?ﬁéng,@éﬁrogééoﬁky’aggbﬁig% ’so’vgggéitﬁggéof. The reaction.

tenper at ur ggsi sedsyall/y.i Aothe fapge;from-78 to 100C or the boiling point

of the solvent, preferably, in the range from-20C to around room

t enper at ur yn LS C ) 1. nds{ 734. can be obt ai ned

by reactingnggnpggﬁga(6$gﬁﬁ?%Hggég%%§6%§?%ggﬁéggﬂgnga%%n%ggu%h as thionyl

- 37 - chl 6r.i4de, Noxahykechl ori de, phosphorus oxychloride, or 1-

chloro-N, N, 2-trinmethyl-1|-propenyl am ne. Here, the solvent used in the

reaction i gonotd:p&rt bOUb&r| ¥, | bni3kedNand leXanpl es t hereof include

di chl oronet hane, chloroform toluene, and m xed sol vents thereof.

Alternatively, the reaction can be perfornmed in the absence of a sol vent.

The reaction tenperature is usually in the range from-78 to 100C or the

boi l'i ng poﬁﬁ?mBﬂetﬁe solvent, preferably in the range fromO to 100C.

Synt hesi s of conpound (8) A gonpound (8) can be obtained by reacting _
, Heopresence of a bh&se, .Exanpl es of the

1E4A {09 -»tri§g ylg"*

efoH 4-_cﬁ_[;et hyl.a 7@y 8i ne PKE et hy )

pyridi ne, and Zabl ‘QW[S. 4, Oi undgtrydehd,. and

i norgani c bg such as potassiu e, sodi um €& jonate:‘kﬂo sodi um

bi carbonate. Here, the solvent used in th@??%action is not partHcularly

limted and exanpl es thereof' include dichloronethane, chloroform

t et rahydr obuegny :et(Bgh -acet at e, sRolegene - (@ndnTiored 35¢1 V@b pRhieneof .

However, dried solvents are preferred. The reaction tenperature is usually

_in the range (bramlo?8pyeid@AE3el 1t ke -hebbirng ypeicrneah ke %6l vent

preferably in the range from-10C to around roomtenperature. Mreover, in

anot her nethbogdraimdnpaeond, (8p]1dan 3hehdbtzail red yiy caedoniyig -@orpound ( 6)

with a conmpound (B) in - 38 - the presence of a condensing agent. Here,

exanpl es oflifReogenbensPrhaylagéninetbed -dard tradludeolcRtyl) -4, 7~

. di cycl ohexyl carbodii m_ de_and 1-ethyl-3-(3- :

di net hyl anPRégRSPyFPdar BAAFLtAPGe. The sol vent used in the reaction is not

particularly linmted and exanpl es thereof include_dichloronethane,

di met hyl f or mani §&S ?%??%HVﬁrggﬁ?éﬂ?de%ﬂyﬁt%Ee%ét8? 2RE<KHFPREB sol vents

thereof. T ga%%§%thoaatenEgE%%%r§ni%husualIy in-the.rag%e from-78 to 100C

or the boili'ng*poi nt 6f the -solvent,epﬁgpgrgﬁpyaﬁnlph_ an&eogron10 to

50C. Moreover, a base such as triethylamne, diisopropylethylam ne,

N- et hyl nmor phol i ne, or 4- di methyl am nopyri di ne can be added, if necessary.

Furt hernore, - 1- hydr oxybenzotri azol e, N hydroxysuccinimde, or the |ike may

be added as a reaction accelerator. Synthesis of conpound (9) A

conmpound (9) can be obtained by perform ng deprotection under the reaction

~conditions used in the method for producing conpound (6) above. Synthesis

o o I o o

di i sopropyl et fe,




1-chloro-N, N, 2-trinmet hyl -1-propenylamne in the presence of a base. Here,
exanpl es of the base used can include organic bases such as triethyl am ne,
di i sopropyl et hyl am ne, 4-di net hyl am nopyri di ne, Nnet hyl nor phol i ne,
pyridine, 2,6-lutidine, and diazabicychg[5.4.0]undec-7-ene, and inorganic
bases such as potassium carbonate, sodium carbonate, and sodi um

bi carbonate. The solvent used in the reaction is not particularly limted
and exanpl es thereof include dichloronethane, chloroform toluene, and

m xed sol vEXPEPLReedf 1NPhé Nee&OMPONNCe ppdRanace iins Skswald wfi n the range.
from-713 to 100C or _the qoilin% poi nt of the solvent, preferably in the
range from E36LEHC50EXAMPLle Fhe 105h56Gh @ L Do me Upce $&E 1NRfe A on can

al so be prqduced b he follow.n t had. [Pr.oduction Met hod 2 B

(10) (11) pv\k%gregi% %2%%33%“5‘3&36‘%8@3?& &PEn?p“’feo& ‘t%é:lgﬁienc?o S gnd R)l
to R3, R6, ,and RZ,have the sane neanings as defined above. - 40 -

- Exanpl es of "t fie protective group for the am no group include a

benzyl oxycagbeny! a byt yl r bonyl -group, a henzyl group.
Synt hesis o b@%%pégggu?qéj b5 gﬁbdﬁ%%u d%(léf7ga3%§é %%gﬁfngd@§r0n1a
conpound (B.psandua egnpaund ((GH,unden ,t he orseactsijon 1gonditi anggused in the
nmet hod for produci ng conpound (1) (am dation of conpound (9) wth a _
conpound ( @).pOacéd,ding tlo7Prdduct ison Rethed .ksabhowe. Sy nthesi-9 .af5 conpound
(11) Deprotection reaction conditions differ depending on the.type of
R12. The syAtihesis Bnylbé.pér f(@Hned)undeBsrdacsi ashHcomdi,t i30S -usual | y used
inthis field. Wien R -2 is a benzyl oxycarbonyl group or a benzyl group or
the |ike, déproféct ol cdntibelysrtormdd HyHaddirg &-B@dudti-os)cat al yst such
as pal | adi um carbon and reacting caonmpound (10) in a hydrogen at nosphere or
u

in the preSedde (6fraChydrdgen i€dur fe 96udh Has damvoidilu® #& nat’e.l THelldl, t he
| t din_.t i i icularly limted d |
Ther cof | neruliBeaPcBRGt s Tsaen GE" b hARGI- Ot et Al (Pl fibvy oF OF dvan,

di oxane, ethyl et gt er ., and,mxed,sol vents thereof. The reaction
tenperaturg'?ng da F§5iﬁ@ hedfaggéq?rgf)J78 to 100C or the boiling point
of the sal yent ke ab i range from OC to around room tenperature.
Mor eover , &ﬁeAE%? ﬁZEé Fggtﬁég?eﬁogycarbonyl group Or the like, - 41 -
deprotection can be perfornmed by treating the conpound (10) with
trifluoroacetic acid or hydrochloric acid or the like. Here, the reaction
sol vent usedebnzthe6seacpuqn{usSBQBspaﬁpuqub&nbyoLBﬁEuﬁ@r@@%eﬁgawpleS

t her eof include dichloronethane, chloroform tetrahydrofuran, dioxane,

nmet hanol , éthanchlowaperidand3ryted3sdlsverop tlheéreefthyIlheé,ceact i on
tenperature is usually in the range from-78 to 100C O the boiling point
of the sol déhvdrpimidpablly. iinbihé  Bahbeakzrdm20€li caabomyd Irdorht enper at ur e.
Synt hesi s of compound (1). A conpound (1) can be obtained from
conpound ( £iflHAdochbnpsand (6P -BetEgApdurid Lezp spader! 2t Ré ocgasei on
conditions used_in the nethod for producing conpound (8) . (am dation of
compound ( B) mﬁT%ea?%%ﬁ%%%ﬂdo?BﬁlBgdalEoﬁB%Hna eP9ycatedr BFAGLEE PRoducti on

Met hod 1 : Wh RL i 1) ;of .th : i nventi [
tort- but oxy b5 5851 “8Fo0g, B BGREyPoRyCRFEBRIC dr S0pTISF ATFr LIS oacelyl
_~group, or EBﬁthES gguglEglg§ggsgsgglgggtective group, a conpound (1)

wherein R 1s a hydrogen atom can be obtai ned under the reaction conditions

used in theyr o] r od g pomgﬁyﬁg 11), G@epret ecti on -of in
conpound (1 gﬁﬁgcgéégi%gEtoH@$gdﬁ%&ion t%dde3gbggg’o%’bgnﬂfga5%§ﬁt with
a base sucb.as sodi um hydroxi de) , pot assi(em, hydr gxirde, y$edi umigarborate, or
pot assi um carbonate in a m xed solvent of nmethanol or - 42 - ethanol and
wat er. Furt(barnmy e, 1when (BH,i s)a hydsegemiatam, i) ,canebe2cesvenied to the
defined substituent using a conventional organic chem cal nethod. For
exanpl e, Rm)cad.Bé cBHyebtreéd Bodan4abRyl(1gr oup ,on .0ie (Libke thy Jeneatsnent
with a reduci ng agent such as sodi um cyanobor ohydride or sodi um

tri acet oxybar eh¢defdélHn bhe pbedéndéHof ban ,alSdelydéHdesi)vathi.vié. (Mbt,eover,
R can be converted to an al kanoyl group or an al kyl sul fonyl group by
reacti on Wit hJan-8cfd) ehbPoPidd lHer Fvative Si iz he 'plésdite 6.a J5ds8 ,such as
triethylamne. The starting material conpound (3) can be



synt hesi zed according to the nmethod described in the docunent (Synlett,
1998, 623 or US2005/26916). Moreover, conpound (3) can al so be synthesized
by the foll ow ng method. [Production Method 3] O wherein Z nmeans a

" hal ogen atom such as a chlorine atomof4a-bronmi ne atom R13 neans a
trichl oroet hyl oxysul fonyl group, a p-tol uenesul fonyl group, or the |ike;
and Ari, Ar2, and R5 have the sane neani ngs as defined above. - 43 -

A conpoundn( 13 an-be-obt.ai ned byt reating h onj um sa t, or
phosphonic0é§igzgétgf%gbﬁéﬁheg’f?bgfg %%gdtﬂgﬁgogﬁgncg%%oﬁﬁ '6&2f'§nd an
organi ¢ phgsphogoyg qampoynd jsych as,triphenyl phosphine or triethyl
phosphite with a base such as al kyl lithium Iithiumdiisopropylam de,

|i t hi um bi sist rizret hyl/si:| yloyamgeq)spdi um hydride, or potassium
tert-butoxide and then reacting the resulting product with a conpound (D).
Here, the sekventaused ifdrt bksiceant;NQ0,$.6.80H,part) cebagly hjmted and
exanpl es thereof include diethyl ether, tetrahydrofuran, toluene,

di net hyl f obm@li;d&, diln¥t3hyl sul f oxi de, and m xed sol vents. thereof. However,
dried solvents are preferred. The reaction tenperature is usually in the
range fromFor83toC100C-6°t He BorBiing pdilntS2%f the solvent, preferably in
the range from-78C to roomtenperature. Synthesis of conpound (14) A
conmpound (14) can be synthesized according to synthesis methods reported in
various doguments %@.g., Tetrahedron Lett., 2005, 46 4031, J. Am Chem
Soc., 2002,*#2%-€136672; J. Am Chem Soc., 2001, 123, 7707; Synlett, 2004,
525; and Japanese Patent Laid-Opep No. 2000-72743). Fo% exanpl e, a conpound

(14) can be obtai ned by reacti ufd (;3) with an fal koxysul f onam de
' | indhe PF S gnce~@*n-/ ¢ hodi um
), eht siith,as 100Dy Eig%Zne acetate
S

onami de
catal yst afte i8ﬁ_éfﬂgn oXi
and a base su &8 magnesi um ox| - Here, the
reaction isg particularly Iimted and | es theré i nC di et hyl
et her, tetrahydrofuran, toluene, acetonit d, and m xed sol ve t her eof .
However, dried solvents are preferred. The reaction tenperature is usually
in the rangeebr dm -(B®)t+0 -106C [dER, 166 ) bGiH (i4ng hheimt- 3off ldver cgilargnt),-
preferably in the range from-20 to 80C. Synthesis of conmpound (15) A
conpound ( £5)( bcam Liog ophytraiddad by 1) reatlisg topey levmpetidd -4)6wi t h anmoni a
water. Here, the solvent used in this reaction is not particularly limted

and exanpl 84hiyRerdsa darel [ddé —RetlRardd it hie@edne!—Y Maeeio et #hyidr of ur an

di oxane, and _m xed sol vents thereof. However,_.organic saolvents that can be
mixed w t hOrLETon Lak Ta iy r‘gr‘gﬁe% LG dar & Toridsrage t Fediti on
tenperatur%igéa%sg%II& %qo%Q%n%ange from-78 to 100C or the boiling point
of the solvent, Sreférably in tThe range fromroomtenperature to 80C

Synt hesi s of CO@H§UE§QF§LHFOObt§&88 angFgﬁ)lgagfbﬁe@gE@hE%d by treating

conmpound (15) wt ocC rrc acird, su ic acid, or trifluoroacetic

acid, O thealike 1HeLe Ahetrsel venthesednd Jh S eacidup is dwot
particularly limted and exanpl es thereof include nethanol, ethanol, water,
t et r ahydr ofcumap.l cdicoxaneg ane Woxpdusel WS ddierieofst dgowever , organic
solvents that can be m xed with water in - 45 - an arbitrary ratio are

pr ef err ed. RElfe reeaet iFxdanipdrparativse easl usualHey dampchend anges frreainin/8 t o
100C or the boiling point of the solvent, preferably in the range fromroom
t enper at ur tep 80Cf RerfedwcicicoRphied MAJtq ddve the title compound

as a colorless solid.

derivati ve sul
ed in this

MS (ESI) m/z: 803 [(M+H)'].

Step 2: (6R)-7-(1-{[(5R,6S)~5-(4-chloro-3-fluorophenyl)-

6—(6—chloropyridin—3—yl)—3—isopropyl—6—methyl—5,6—



R' 0_0 OH 00 ArNH2Ar2--N4Ar2 N-4 RSRSHRSH( ( 16 )( 17 )( 18 ) Arili O

Ari MyZ

ArlOHO Ar,,00S A" %,. r-NdAr2 5HO (Arr'-""NH2 R5R5

(20)(C 21 )( 22)

- 75 -

dihydroimidazo[2,1—b][1,3]thiazol—Z—yl]carbonyl}—4,4—

difluoro—i—prolyl)—6—methyl—4,7—diazaspiro[2.5]octane-_
The compound obtained in Step 1 above was reacted in

the same way as in Step 2 of Example 1 to give the title

com?ound as a colorless solid. |

'H-NMR (400 MHz, DMSO-ds, 100°C) &: 0.38 (1H, br), 0.58 .

(3H, br), 0.93 (6H, t, J=7.3 Hz), 1.23—1.28 (3H, m), 1ﬁ78

(3H, s), 2.32 (1H, br), 2.46-2.50 (2H, m), 2.66-2.72 (2H,

m), 2.93-3.01 (3H, m), 3.94-4.12 (2H, m), 5.13 (1H, dd,

J=9.6, 5.1 Hz), 5.51 (1H, s), 6.76 (1lH, d, J=8.0 Hz),

©.95 (1H, d, J=9.8 Hz), 7.16 (1H, dd, J=8.0, 0.5 Hz),

7.32 (1H, t, J=8.0 Hz), 7.64 (1H, dd, J=8.3, 2.5 Hz),

8.24 (1H, d, J=2.5 Hz).

MS (ESI) m/z: 707 [ (M+H)"].

Anal. Calcd. for C33H35C1,F3Ng0,5:0.5 H,O0: C, 55.31; H,

5.06; N, 11.73.

Found: C, 55.49; H, 5.18; N, 11.47.

Example 11

Step 1: (6R)-6-({[tert-butyl(dimethyl)silyl]oxy}lmethyl)-
7—[(4R)41—{[(5R,6S)—5—(4—chloro—3—fluorophenyl)—6—(6—
chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-

dihydroimidazo[Z,l—b][1,3]thiazol—2—yl]carbonyl}—4—



ArAIN /0 Arr-FIN \WOR5 ( 23 ) wherein RH neans a protective group for the
carboxyl group; Z neans a hal ogen atom such as a chlorine atomor a brom ne
atomand Ari, Ar2, and R5 have the sanme neani ngs as defined above. '
Synt hesi s of conpound (16) A conpegnd (16) can be obtained by treating
an aminonitrile formobtained froma reaction (Strecker reaction) of a
conmpound (D) with potaSS|un1cyan|de or sodi um cyani de, anmoni um chl ori de,
and anmoni a_wat er mn a m.neral acid (e.g., hydrochloric acid or
sul furic acitdpPrert HrSQQéAFé é&F&flPér@aceﬁyﬂdlﬁe esul fonic acid or

met hanesul foni ¢ _aci d) Fﬁ t he solvent used in the reaction i-s not

parti cul ar Fy2 ||ﬁP€é8 [4nd ngﬁﬁles t her eof |nclude net hanol , et hanol, water,

tetrahydrofuran di oxane, xed solv The reaction
tenperature is usual YT H n?hebgénggdf%o ?g goEeSFrFHS ®boi | i ng poi nt
of the sol yent,1Rref grabl.y.in e range und ;ro enqpeyaAature to
100C. SyntheS|s of corrpoﬁnac(e " Eac heQEang§§%’gP§E§ and the

anmi no gr ougxiafipti e 2CQRRAYNE he( %@}npm)sdb%b%%%ra 8¢ aexdpg to a standard
met hod. Here; the order in which protective groups are introduced is not

parti cul ar [Exahipriet ed. iHeteiaBakiferheeathporaet ot aindd e deser izbed:
Esterification can be perforned by treatnent with a hal ogenating reagent
such as hy®&edgernckl Exidelesdl frur igd ve ddied tidrl et icoplurchlasr iade in a | ower
- al cohol appropriate for Rl1l, such as nethanol or ethanol. The reaction

t enper at ur €cilordsgsl byliia-t he range from-78 to 100C or the boiling point
of the solvent, preferably in the range fromO to 100C. Mbreover, the

tert- butoxy%aN%%nyﬁ%@lﬁﬁzofDMﬁ@ gmi NV Grlods cédn We FEhf atimed B rigdbt i on

with ditert-buty d|c onate in th presenc base such a

trlethylanlﬁe % 8p épﬁ?gﬂh§1an1n§3 % vné%%@laﬁ?hoﬁbrl i'ne-. Her e,

t he sol ven se reactj_on | not .p rtlc IarI limted anples
hfg %lncILSE?I St P2Rdra Ph q] ﬁygrogUr%

t her eof e dléhloroneth&he chloro ornl’t an, ethyl
acetate, aqgyoNit rlﬁeq4t$bﬂen% ) ,and ol %ed osglye n%g thersgof,. JMowayer, dried

solvents are pre érred he'reaction tenpéerature I'S dsua Iy In thé range
from-78 t@)106C4qr 3t ke Qowl i g, pai nlp-af sbhe 150! vent 4 prefersablyy n the
range fron10 to 100C. Synthe5|s "of cormpound (18) The ‘ester group in

. conpound (%7%), @avzbe.oeaduced by ,resagtyi qnysid)g 2-smated)gact.ise neggent
such as Iithiun1a|uninun1hydride at a tenperature equal to or |ower than
room t enperat, uce 70prefidr diHy ™0 tea 88CK .9 anHgpmot,i ¢ .9al vamst, sych as

di et hyl ether, tetrahydrofuran, or dioxane to give an al cohol form

Mor eover, 9SFfi-Patlzy, {Theélr ddéti dn JsiBng $ladi,um.ldr odhiydr idde o=8t.1%e |i ke can
be perforned at a tenmperature equal to or | ower than roomtenperature

(pref erabl ¢ -428@)t o8aPeurdr o6m tJe#pér &tzir-e) using a protic sol vent such as
met hanol , et hanal_, or wat or a nxed solvent of the protic solvent and

t he aprotlgssdﬁ§éﬁtm(6 g@jé antMfi’dohol form A conpound (18)can be obtai ned
by reacting the al cohol formthus obtained with an oxidizing agent such as
chromc acid [pyridiniun1ch|orochronate (PCC), pyridiniumdichromate (PDC)

etc.], dimgthyl >sul f% h \c,rr §é0>ial 5(‘Rh|6% _%e S‘é‘%l% OXI3datI on), di met hyl
y

squOX|de Wt acetlc thyI qu a sul fur

trioxide- px&m@'r%%h%w_ml 2% (5-Laldid ta%hlyji dAYY QbR -6~

| benzi odoxol-3(1 one Dess- Martin reagent) or 2,2,6,6-""- 48 -

t et ramet hy keh-npilper, laduaylly@&mﬂ%wz@ 2Tt hmp@qftlrgra%&@m d. Here, the
solvent used in the reaction is not partlcularly limted and exanpl es

t her eof i ngllyde rhoeklloraret iane - 1chirengflq-a, t-etiratysdriafarrars,] cithyd-
acetate, dinethyl sulfoxide, water, toluene, and m xed sol vents thereof.
The reacti gn }inenpenatlure is usually in the range from-78 to 100C or the
boiling point of the solvent, preferably in the range from-78C to around
room t enper at ur et synehestglefmeoapoufduptdye (1 MAtetmpbuddoft®pncan be
obt ai ned by reactlng conpound %18 with an aryl lithium conpound (ArlLi) or
a GrignardSedagérn) (Ad: I@’&Z)ﬂer dzorPedpomdisngdged Y9 thi um conpound or
Gignard rea ent is a connerC|aIIy avai |l abl e product or can be synthesized
accor di ng -6 & 3SYaRGA d et fodil I THE 1@t gRacd. résy&itmReat he Spntiesi zed

fromthe carr in I|d and nesi um ‘t.he organic
Iithiun1re gﬁt%gﬁﬂ gb%ﬁﬁPﬁég tﬁ? Hafgﬁgﬁ ﬁEFgEH§k6W %m t he
correspondlng aryl halide and a .commercially available alkyl [ithium
reagent or the like. Her e, the solvent used in the reaction is not
particularly limted and exanpl es thereof include diethyl ether,

t et rahydrof uran, di oxane, toluene, and m xed solvents thereof. However,

dried solvents are preferred. The reaction tenperature is usually in the
range fron1 78 to 100C or the b0|I|ng p0|nt of the solvent, preferably in

— e~ e~ . o M



- 49 - Synthesis of compound (20) - A .compound (20) can be obtained by
appropriately selecting and using the oxidation reaction conditions
described in the nmethod for producing conmpound (19). Synthesis of conmpound .
(21) ~ A conpound (21) can be obt-aiTied-under- the reaction conditions
used in the nethod for producing the conpound (11) according to Production
Met hod 2 above, wherein R12 is a tert- butyloxycarbonyl group. Synthesis of

conpound (%g;ture w@éc QQ g§2}o§ ntQ% %g%h@%d ¥ Beggigg CO%Round (21)

in the presence of suI e an ase st

d'azab'CyCEQi5eﬂtOLHBd§§nZeﬁB§atE@r@nd%?er§eh¥@8t psedyiB t@ﬁeﬁe@ﬁE'on I's
not particularly limted and exanpl es thereof |ncFude di ef hyl “et her,

t et rahydr ofugaBue dbpxangedel Byl qacet atiewi Fgt Bangh, 26Lbanal ankSeRLOPY!
al cohol, ethylene glycol, acetonitrile, toluene, and m xed sol vents
t her eof . TbEgEEaCtl@yeteﬂﬁerahuhédlﬁlUEUéthrEﬂeHhaqﬁaﬂgg Epamum/8 to 180C
or the boiling point of the solvent, preferably in the range from70 to
150C. Synthesasbohatenpolindi¢@3xnd satArebppobmdné23hdcdnibd obtai ned from
conpound (22% by approprlatel{ sel ecting and using the reduction - 50 -
reaction cendyerens dedérimbedlfatehe Weehedlvertpradueivagocetpdund (18).
Synt hesi s of co ound 3% A conpound (3) can be synthesized from
conpound (?%?eé 8?HFﬁé BGFﬁBrﬁe?ﬂﬁdtaesEPﬁﬁeHelﬁbFﬁénIGCHﬁént (Synlett,
1998, 623- 624 SZO@&{OO 69165 over,  in another nmethod, a conpound
(3) can bePdht tﬁg gdnpoin %2%? By hGRFEIGLREFBREY N the presence of
a base such n yLepgdi a re, .exappl e t he sol vent
cREBYELEhDRS PhABLRVLOREM ATLDE) | TELC s GEAMR 5:0fc

used in the reactron include nethano r e ydrofuran _

di oxane, - eLby}&88a0l Y60! maands g xd §0L~¥§Bt§eggegsﬂd However, organic

sol vents that can be m xe water In an arbitrary ratio are preferred.
The reacti ggt_l\tb@(rpfﬁf@ Uk, | SDMJ Y gigRct hg. range_from ?21110 I;I[gOC or the
boiling point of the solVent, preferabl'y in the range from60 to 120C.

The raceni ¢.soaposnd (£8) bt abned byut ha, poeduct Han, met bed (gan ke optically
.resol ved according to the nmethod described in the docunent (US2005/ 26916,
Japanese Pateént. Htaid1CEén(BH, 2005275752, 3and2Eet mahedr 66-AsyAneliHy, 1995,
6, 3).. For exa the racem c¢ conpound (3) can be treated with an

opti cal re@b}vﬁngoaéeﬁﬂ $68h @b/ L4(4y=-4t &Pt diHe mei d4i A7admbhed1Bol vent of
met hanol or ethanol and water to glve crystalline tartrate. This tartrate

is treate® wi fh8a-Hadd SbEn B/ sedPBnPhydr 6xfdem™ o §ivé AAHepflically -
The starti REonat 3%'22?“52%# AFa7CR) 1 € 22 cBmitr iy 19 avr PADT 0By oduct or
(Totrahodr oh Achhet 1 o0 1909, 56, “2808) “27+ 1 Stné 8t abti g i BFy &l
conpounds § B} ang C% arg_gCo r y vakl roqugt can be

synt hesi zed accorﬁlngqfo nethggg gescrfbgdgyn??hé g@fgrgh%eﬁ anpl es.

can be Synthes 2o acordrng T the method described |n various docurents
(e.g9., J. Medi. Chemq208Qr 43 gﬁl%tr)zmso s-0.5 | m@ne ermpodigrenf of the
present invention, - the conpouné present invention can be used as a
p53- MinR btzﬂrng,lmm150t0F,aadB®r an MdoB2pbBquitun. |l i-gase inhibitor
because it inhibits the binding of p53 wth MinR2 and the ubi quitination of
p53 by MinPound: C, The.é&@ndHtibn2éf WhelpS33MiAR bindingleah.B@;egam ned by
a nmethod conventionally used by those skilled in the art to exam ne bindi ng
condi ti ons4b&®ween proteins (for exanple, inmmunol ogical techniques, surface
pl asnon resonance techni ques, etc.). Exanples of nethods for exam ning the
condi tion of the NUnQ p53 bi ndi ng using an i munol ogi cal technique include
an i nmuno- ed| g i on met hod and enzyne-|inked-i nmuno-sorbent assay

(ELI SA) . X%ﬂ? é used in such imrmnol ogi cal techniques may be an

anti - Mdng antlbody and/ or an anti-p53 antibody that can directly detect
Mdn2 and/ or p53. When MInR2 and/or p53 is labeled with a tag (for exanple, a
GST tag or a - 52 - histidine tag) or the like, an antibody suitable for

| abeling (for exanple, an anti-GST antibody or an antihistidi ne anti body)
can be used. Methods for exam ning the condition of the Min2-p53 binding
usi ng an i munol ogi cal technique are described in, for exanple,

W)2003/ 51359, W2003/51360, U.S. Patent Appllcatlpn Publ i cati on No.

2004/ 259867 or 2004/259884, and W2005/110996. Met hods for exam ning the
condi tion of the MInR-p53 binding using a surface plasnon resonance

techni que are described in, for exanple, Science, vol.303, p.844-848, 2004.
Ubiquitin ligase activity of MInR2 agai nst p53 can be exam ned by an
ubqu|t|n Ilgase assay conventlonally, used by those skllled in the art
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(for exanple, refer to W2001/ 75145 and W2003/ 76608) . I n anot her
enbodi nent, the conpound of the present invention can be used as an

i nhi bitor of suppression of the p53 transcription activity because it
restores functions of p53 as a transcription factor that is suppressed by
MIn2 by inhibiting the binding of MinR2 to the p53 transcription activation
domai n. The inhibitor of suppression of the p53 transcription activity can
be obtained by, for exanple, neasuring the nmRNA |evel or the protein level
of a protein wpose transcription g 3 - regulated y

p2lwaf i/ ci PI N eQoresence © ce of a test®
measuring met Rod gt obxatiiflle, NorN €) 8€PA pr
(for exanple, Mesi®rn blot) . wpiilofd Iy uSed by t

art and sel e Ng the test conpoty n Xnhi bi t or
p53 transcription activity Wien .the el or the pro
increased in the presence of the te sbon@ound as conpared with that in the
absence of the test compound. Furthe nDre t he inhibitor -of suppression of
the p53 . transcription activity can also be identified by a reporter assay
using the rapertler @)ty [afe ra veporlt @Fingee, 1 )recil Wi Irgk 8y rpdch yiesponsi ve
el enent as an indicator. - I'n anot her enbodi nent, the conpound of the
present i nvierit(iddn <dan beRised -ds (@ 58 adegradatuorodher i t-of- (fecause it

i nhibits ubiquitination of p53 by Min2 and thereby prevents the degradation
of p53 in a§bﬁ%%ﬁlnﬁﬁ§ththegW%Rﬁﬂnxﬁrﬁ#ﬂﬂﬂhﬁhﬁ5 «4en be obtai ned by,

for exanple neasurln e protein_|evel of pb53 in t he presence or absence
of a test “H)Pgaéogrzotlelbr‘] rte%m’frh%?gf%’t%d’d— (FFPBEp1 %, Western

bl ot) conv tlonal e tho skilled . int rt and sel ecting the
t est conpo %§§ﬁagdradaﬁl hhﬂﬁQﬁQ%ﬁrkﬁl 1 the protein level is

i ncreased test -conpound as conpared with that in the
" absence of%lﬁ%%t égﬁﬁbnp& G I n anot her enbodi nent, the conpound of

the present invepti @Ry %@ﬂngeoHﬁggnéa an %@%Frtsﬁet @%%@Eegegause it - 54 -

normal i zes functions o as a cancer-restraining gene by-inhibition of
the MinR- p53himdi ng v%@/r@'adt@oqlﬂnt ithat i QhOf RPI LU M 1 of Cel I ul ar
grow h inhibiting activity can be exam ned by rret hods for testlng growt h

i nhi bi ti on Examypant i2onalilng used dopnpohese cdddilred iim (e ardncelhe cel | growt h
inhibition activity can be determ ned by, for exanple, conparing the |evels
of cel | ul arExgumpvteh 20f dm seoegmplod, thgmorongedurs) dbtaimedriesedteep & absence of
a test compound as described in the followi ng Test Exanple 2. The |evels of
cel lul ar gRefteredme Fxagpdei Ped hgivs e ftort lex ampirmural tassta syst em f or
measuri ng I|V|nq_cells Exanpl es of the nethod for nmeasuring living cells

i ncl ude théc[§HIQQiuﬁQ$Hﬂe upt ake test, the BrdU nethod, the MIT assay, and
so forth. over n_vivo antj-tunor act|V|t% can be exam ned by

lry

met hods forHtﬁgﬁl éOQnMHZtuﬁﬁﬁoaétnv@@§”c@nv@nppodé sused - @9 t(Rdlse
killed t.h T ti t f th t
skilled in the art, The i |v9ﬁg& ggﬁxg%@ %ﬁ&% ity & oy esen

i nventi on cah be conflrne Ia |ng s tunor

cells to mcey Jatsy @ ttﬁg I 'lk%6 af ter qpf ihmng 4he elngr(alfﬁ t of the
transpl anted cell’s, ora Iy i ntravenous ddtnlsterlng the 'co ound of
the present; imvenyd, o)t o 1t tge)_@mlmjal on,and ew2da%s_2or65a {18 weeks;

conparing tunor gromth ‘in’a dr ug- non adntnlstered group Wi th that |n the

‘conpound- adimos st7er,ech)gr aup.e-the ccqmpourd ,0fs tshe presenty i iventd gy-can be

used for the treatment of tunors or cancers, for eXanpl e, Iung - 55 -
cancer, di gedti vdHyst)emscarcerlt,oar Y=Gancertz )yt er.iase @ancey),, breast
cancer; |liver cancer, head/ neck region cancer, blood cancer, renal cancer,

and testi cufl.&9-teurdr s, 1Hyome ,preefdér-abloy | Wity cgncer.,1dbr@ast Gansey.,3 prost ate
cancer, colon cancer, acute nyeloid | eukem a, malignant |ynmphons,

retinobl astidra, nél® obiFasttonal=8arRd Bedr,.c o2 Hiwbveld, tiwed present Havention
is not limted to these cancers. A pharmaceutical conposition of the

pr esent |n@e@@|dﬁﬂcaﬁ4c&htalnH& compound of the present invention and a
pharnaceutlcal acc % rrier,_and can be adm nistered as various
|nject|onsN§hc é%od 4 ﬁ eetlon i ntranuscul ar injection, and
subcut aneous |nject|on or by various nethods such as oral adm nistration or
percutaneous admi nistration. Pharnmaceutically acceptable carrier neans a
phar macol ogi cal |y acceptable material that is involved in transport of the
conpound of the present invention or a conposition containing the conpound
of present invention (for exanple, an excipient, a diluent, an additive, a
solvent, etc.) froma given organ to anot her organ. A formul ation can
be prepared by selecting a suitable fornmulation form (for exanple, oral
fornulatlon or |nject|on) dependlng on the adntnlstratlon nethod and usi ng



Exanpl es of solid fornulations include tablets, powders, granules,
capsules, pills, and | ozenges. These solid formulati ons nmay contain
pharmaceutically acceptabl e additives together with a conpound of the
present invention. Exanples of additives include fillers, extenders,

bi nders, disintegrating agents, dissolution pronoting agents, skin wetting
agents, and |ubricants, and.these can be selected and m xed as required to
prepare a fornulation, I f liquid formyl atiogns include

sol uti ons, Sgﬁpur?s, {él%%%i—?s—,[ @@F&‘gﬁs&%?&qs‘é‘ﬂéﬁﬁ O ~Fhese |iquid
formul atio N -pharm i |y accept.ab)l di tives. together
wth a conggﬁﬁgxgﬁggkg)pPeggn?ﬁ§§$éh§?gﬁ¥nE%a§gpe? gfﬁgﬁﬁﬁPﬁvzé i ncl ude
suspendi ngragent s sapd 4g AYLsbhi ke Sz 3nd 1L%qs[q,%r]%h§%'z%clt-%¢ and mxed as
required to prépare a fornmulation. - 57 - The conpound of the present
i nvention gandaepdsed j-a-ganeeb-t-ealorent) -af, 7mRBlaSp iidd [Rardhice-ar,
humans. The dose and the adm nistration interval can be suitably selected
dependi ng @n }wkehainbe- of the di sease, the patient's height, body weight,
sex, or nedical history, according to a physician's judgnent. Wen the
conpound of theTpheesempoundenbtanned adnbBhespt ér edotre aakumaacttheidose
range i s approx. 0.01 to 500 ng/ kg body wei ght per day, preferably, approx
0.1 to 100 thg/ lkgmsodypYweisght. SReef ér atfl yxaripd ec dipdwungiofe ttihe priddent
invention is admnistered to a human _once a day, or the dose is divided two
to four ti FOEPCARE AGnnFeLPaless iS9liepeated at an appropriate interval.
Furthernore, the daily dose nay exceed Sh%.above-nentioned dose at a

physician'sHawggréfQQHvHFf W%§§§§@rfx)c Tﬁezéﬁﬁpéﬁndzﬁﬁ e present

i nvention Vi ol ed,i,n nbi,nat,i wi th an-additional gntistunor agent.
Exanpl es tﬁgﬁgoﬁ'%ﬁcﬂggé ggfipfﬁénggghtﬁbi Fﬂcg,Hgﬁfi?hégr(gﬁ;nER

const it ueni,sy BRE) (Diohegiaal L§spanse modif i) mhormmaes, o tam ns.
anti-tunor antibodies, nol ecul'ar 'target drugs, and ot’her anti-tunor 'agents.
More speci fti)cabl ys-examplies, ofn)al kylsating zagamt, s rynclude-xaldyl @i ng agents
such as nitrogen nustard, nitrogen nustard oxi de, and chl oranbucil;
aziridine alkyliapiong .3gentis, sugh as4canhequane,ard,t b ateepay,epoxi de

al kyl ati ng agents such as di bromomannitol and di bronodul citol; nitrosourea
al kyl ati ng Jagent sizsych .d84 caHpust, i Je57.amHist)i, né,. 59emist,i ie,, i.Misti ne
hydrochloride, - 58 - streptozocin, chlorozotocin, and raninustine; and
busul f an, iengrloddHf, am)t o$yPaté,. 98nd ldacavbazZi-A8. (1H, d,EXa®pl3edizof, vari ous
nmet abol i ¢ ant agoni sts include: purine netabolic antagonists such as

6- mer capt opuidnd 186- tr hilg§uantide, dné ©t Hilbin6Sineg=8pydi M -di W& )met abol i ¢
antagonist% '%Fh as fluogguracil, tegafur, tegafur-uracil, carnofur,

doxi fluridi®n Briéxuf dPA ;4C§Férabine, and enocitabine; -and folic acid

met abol i ¢ ant ¢ iists _such.a hotrexate and trinetrexate. Exanpl es
of anti-tuﬁ@r%gﬁﬁﬁbpéfrcggpn ﬁﬁ§®) Lntitunnr ant hracycl i ne antibiotics such

as mtomyci,n C, hieaonyci.n epl o in, ngruli cin bicin
doxorubici%Fa%'rE?ESFCiE?kTE§§%6$¥§%§EP%$H495 gﬁ?dd&b?ﬁ%?ifh,ﬁand

epi rubicing ard ghrefoyci B A3 ard gqgi@q@%gi@ D4 . 46 Exanpl es of
anti-tunor plant constituents include: vinca al'kal'oids such as vindesine,
vincristingouad ¢, nislsasbi;ng;, taxane§,suaheas paclsibaxelciand decetsaxel ; and
epi podophyl | ot oxi ns such as etoposi de and teni posi de. Exanpl es of
BRME i ncl ude 4t5unor necrosis factors and i ndonet haci n. Exanpl es of
hor nones i ncl ude hydrocorti sone, dexanethasone, nethyl predni sol one,

pr edni sol one, prasterone, betanethasone, triantinol one, oxynethol one,
nandr ol one, netenol one, fosfestrol, ethinylestradid, chlornmadi hone, and
medr oxypr ogestngrlené 3 Exanples of vitamins include vitanin C and vitanin A
- 59 - Exanpl es of anti-tunor anti bodi es and nol ecul ar target drugs
i nclude trastuzumab, rituximb, cetuximb, ninotuzumab, denosumab,

beVaci zumab, -infliximb, imatinib nesilate, gefitinib; erlotinib,
sunitinib, lapatinib, and sorafenib. Exanpl es of other anti-tunor
agents include cisplatin, carboplatin, oxaliplatin, tanoxifen,
canpt ot hecin, ifosfam de, cycl ophospham de, nel phal an, Laspar agi nase,
~acegl atone, sizofiran, picibanil, procarbazine, pipobroman,
neocar zi nostati n, hydroxyurea, ubeninmex, and krestin. The present
invention also includes a nethod for preventing and/or treating cancer,
conprising adm nistering a conmpound of the present invention or a salt

t her eof . The present invention further includes use of a conpound of
the present invention, a salt, or a solvate thereof for the manufacture of
t he medi canent. Hereinafter, the present invention will be

specifically explained with reference to the Exanples. However, the present
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Step 1: 7-[(4R)-1-{[(5R, 6S)-25-(4-chl oro-3-fl uorophenyl) -

6- (6-chl oropyridi n-3-yl)-3-isopropyl - 6-net hyl -5, 6-

di hydroi m dazo[ 2, 1-b] [ 1, 3] thi azol -2-yl ] carbonyll-4- :
fluoro-L-prolyl]-4-(trifluoroacetyl)=480U--di azaspiro[2.5]octane

- Thi-onyl chloride (0.50 m) and dimethylformam de (2 drops) were added to a
1, 2-dichl oroet hane (10 m ) suspension of the conpound (470 ng, 1.00 mmol)
obtained in Step 13 of Reference Exarrple 1, the resulting m xture was

stirred under heating at 70C fg and t hen the so was
concentr at eg, _yndex,-r educed pres §S| due obt ai gg Rdissol ved in
t et r ahydr of ur ) aﬂaﬁhadde %pwn to &tepétrah S?ﬁlo n1) '
solution of t ound—386 I 20 crm'a'rne%, L ep@ -%]

Ref erence Eg e 3 and triethyl am nesr(: ., 3.00 bl ) ypfldeytce
cooling and the resultl ng m xture wad st d at room tenperaturgSor 20
hours. The reactiongni fxt was diluted wish ethyl acetate and tpe organic
| ayer was washed wit at ed aqueous so@ um bi carbonate sol ution and
saturated brine and d | e Enhydr ous® iu | faele. The sol vent was
evapor ated un8er3re e 24 he f ai ned was purified by
NHsilica geI colum chronﬁt s\<laphy [ n- aﬁe ethyl acetate = 1:5

(v/iv)] to give the title conpg?a‘hd (399 0/%»&5_3&) col orl ess solid.
1H NWVR (400, Mz, DMSO d6, 90C)x8: 0.93 (3H d 0.93 (3H, d,
J71Hz) 0.98-1.12 (4H m), 1.77 (3H, s), 2.05-2.15 lH nm, 2.54-2.60

&

B el SRR S
6. 73-6. 77 . T Z@4 (1H t,
1=7.9 Hz) (blllﬂg M m@tggf,l@f%g yg]]%x.@ne%y]lé _(7LH(1H d TS 25%2()6%) 53_NB((ESI)

mz: 771 [(M*‘—Hh‘!t]oroSBG-IIl%orB-p[h(e‘h@l (é%rﬁ@ro%jﬂoplmg@ﬁdjuor opheny1) -
6- ( 6- chloropyridin-3-y1)-3-isopropy| 6- met hyl -

di hydr oi m daza@[rzpy-lb]6[—ine$]myhj—&zcﬂ—dath]mammeb} 24 1-b] [1,3]thiazol-
fluoro-L-prolyl]-4,7-diazaspiro[2.5]octane The conpound (390 ng, 0.51
nmol ) obt ai2nerd Jica rSeeyy 11 -divdeiowas Ldipgsdiwidd- 4,17 -10% aqueous met hanol (8
m), potassium carbonate (400 ng, 2.89 mmol) was added and the resulting

m xt ure wasligziaspddoldder dsdamiond e AP YIate2 hours. The sol vent was
concentrated under reduced pressure and then the residue obtained was
diluted with et h)fF seBPgpRd @E%ﬁé&eﬂn tR S&€Br dPe@tbRPAELrSRAE t hen dri ed

hyd di |f at Th I t d unde duced
oressure afd FH T st e ‘G ed WAL AT SRy i1 ¢ el Gt um

chr omat ogr%g%%lzr)[gl%hl 1%§I“éc'ﬂ%t% ?Dloundl(%b]t&ll\{‘{ W 1 tch%fa/e etitle

conpound ( col o €ss s (400 MHz,

DMSO- d6, 9 0.544-0..52 4 : | H, d,
J=6.8 Hz), %z)a"%le 2%45591 ety ?She(lﬁ%mz Cg’écaJm%QS W)S’tr%%gzg%fi 2. 69
(1H m, ZRE%e%e?l%e( %Iil,a l,e 3 3k 3i32 (2H thu1e3. u'iQi (a?sH: ?ale?’ 74 (1H,
dd, J=35.8, 12.1 Hz), 1 (1H, dd, J=19.2, 12.6 Hz 5.02-5.0

5.35 (1H, @,em-eszs.smma)., 5.52 (1H, s), 6.73-6.78 (1H n, 6 92- 6. 99 (1H
m, 7.18 (1H, dd, J=8.3, 0.7 Hz), 7.35 (1H, t, J=8.1 Hz), 7.66 (1H, dd,
J=8.3, 2.7'Hz)NMR8.(2F0(MHz, dpM3s2d4, Hz)°C)MB:( BSI0)s niezr, &75 [0(MeHO+]s4 Anal .
Cal cd. for 032H34012F2N602S0. 25 H20: C, 56.51; }if 5.11; N, 12.36; F, 5:59;
d, 10.43; (8H,417%. OFGENd:OHE, B6. 33;92H, (351,16, N=7.2L Hx) ,F,0.®BH53H , 10. 21;
S, 4.73. Step 1: (68) 7-[(4R) - 1-{[ (5R, 68) 5 (4-chl oro- 3-

f 1 uor ophenyt) ~J6-5-6- &7l or dpyrdidi -/-93-¢ 11&‘) Risdpridpyll - (1H, m), 1.42

nmet hyl -5, 6- di hydr0| mdazo%z 1- b][l 3]th| azol - 2-

yI]carbonylf 4- ) vorlo-/I5- ¢ 6ﬁ'yf]-'6 dret’mfrp (2H, m), 2.57-2.63 (1H,

0. 36 'm‘éﬁ{?a it%é?lﬁlé‘.’%&%éﬁp'r“éﬁﬁ% B WP ?ﬁy‘lcr?“r?& (i o de

(100 ng, 0 ) d y oxyb tr| z 0 43 mol )
were added ™t gn?l rret %;%I forﬁrﬁ'fa?frl{ de 4( (12?@2 s%l @tfo%n% f?he cor‘rﬁoun'd (200 ny,

0.43 mol ) t-aich |nStp fRf I npound
(159 ny, Odgj%zﬁr?o?% obtsalsged lljfﬁ %t ep%zezgfr%gf@gﬁe%éxa?pfb; fS})eaggg; t he
resulting mxture was stirred at roomtenperature for 24 hours. The
reaction mxture was diluted with ethyl acetate, washed wi th saturated
agueous sodi um bi carbonate solution, water, and saturated brine, and then
dri ed over anhydrous sodium sul fate. The sol vent was evaporated under
reduced pressure and the residue obtai ned was purified by silica gel colum
chromat ogr aphy [ nhexane: ethyl acetate = 1:1 (v/v)] to give the title
conmpound (286 rrg, 85% as a pale yellow solid. 1H NWR (400 MHz, DWMVSO d6,
100C) 6: 0.72 74 (2H n) 0. 92 (3H d, J 7.1 Hz) 0 96 (3H d, J=7.1 Hz),

D P [ a ”~ AN f A1 - —



.3
Hz) ,
785 [
quorophen
nmet hyl -
yI]carbony
The conpou
Step 2 of
(400 MHz,
(3H, d, J=

gH,lﬁ, 5.01 (1H M),
8.3 Hz), 6.95 (1H, d, J

m, 2.58-2.65 (2H, . 3.54-3.57 (3H m, 3.78- 3.92 (3H,
5.

m
39
=8.

m,

(1H, d, J=53.1 Hz), 5.51 (1H, s), 6.76 (1H
3 Hz), 7.17 (1H, d, J=8.3 Hz), 7.34 (1H

t,

7.65 (1H, dd, J=8.3, 2.7 Hz31 8.26 (1H, d, J=2.7 Hz). MBS (ESI)

(MtH) +] . Step 2: (6S)-7-[(4R -1-{[(5R, 69S)- 5(4 chl oro- 3-
yl) 6- (6- chloropyrldln 3-y1l) - 3- |sopropy1 6-

hyd 1,3t

FEAL e rebhye34 73 ddspitroz B odtde

b
11542 1) o o héryf]

dab
Sl g hen 12&9"?42 Canpoind B¢ 5rcdlorreet Sol i 4. 1H R

9'?’!5@1-:@@ fln?ggo%%a M§§7q+41 (2H n) 0.57-0.59 (2H, n), O.92

anpl’'é 1 to'give 'the ti't
7.

Step 2: tert-butyl (6R)-7-[ (4R)-1-{[(5R,6S)-5-(4-chloro-
3-fluorophenyl) -6~ (6-chloropyridin-3-yl)-3-isopropyl-6-
methyl 5, 6-dihydroimidazo([2, 1- b][l,3]thiazol—2—
yllcarbonyl}-4-fluoro-L- prolyl] -6- (hydroxymethyl) -4, 7~
diazaspiro[2.5]o¢tane—4—carboxylate

The compound obtained in Step 1 above was reacted in
the same way as in Step 2 of Example 11 to give the title
compoﬁnd as.a light brown solid.
'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.43-0.53 (2H, m), 0.92
(3H, 4, J=5.1 Hz), 0.96 (3H, d, J=6.8 Hz), 1.01-1.08 (1H,
m), 1.29-1.34 (1H, m), 1.42 (9H, s), 1.78 (3H, s), 2.17-
2.31 (2H, m), 2.56-2.61 (1H, m), 3.17-3.24 (1H, m),.3.46-

3.54 (2H, m), 3.56-3.62 (1lH, m), 3.70-3.77 (1H, m), 3.84-

4.01 (2H, m), 4.32-4.36 (lH, m), 4.64-4.70 (1H, m), 5.09-

5.15 (1H, m),-5.38 (1H, d, J=51.3 Hz), 5.51 (1lH, s),
6.72-6.79 (1H, m), 6.93-6.99 (1H, m), 7.18 (1H, d, J=7.8
Hz), 7.31-7.38 (l1H, m), 7.62-7.68 (1H, m), 8.24-8.29 (1H,
m) .

MS (ESI) m/z: 805 [(M+1)]"*.

Step 3: (6R)-4-(tert-butoxycarbonyl)-7-[(4R)-1-{[(5R,68)-
5-(4-chloro-3-fluorophenyl)-6-(6-chloropyridin-3-yl)-3-

isopropyl—6—methyl—5,6—dihydroimidazo[2,1—b][l,3]thiazol—



J=7.1 Hz), 1.21-1.22 (3H, brd, J=5.6 Hz), 1.28 (1H m, (1H m, 2.55-2.66
(3H m, 3.21-3.44 ddd, J=36.6, 12.8, 2.9 Hz), 3.92 (1H, dd, J=18.2, 12.8
Hz), 4.33 (1H, m, 4.97 (1H, m, 5.36 (1H, d, J=52.9 Hz), 5.50 (1H, s),
6.75 (1H, d, J=8.3 Hz), d, J=8.3 Hz), g»17 (1H, dd, J=8.3, 0.6 Hz), t,
J=8.3 Hz), 7.65 (1H, dd, J=8.3, 2.4 Hz), dd, J=2.4, 0.6 Hz). M5 (ESI) m z:.
689 [(MtH)+]. Anal. Calcd. for C33H36C1l2F2N602S1.25 H20: C, 55.65; H, 5.45;
N, 11.80. Foundg: 55.25; 11. 32. Exanple 3 Step 1
(6R) - 7- [(4%in9fﬁ5§9ngéy ~4- ?&u8ﬁPoPOP§OlYl -4,

ety 5. 6UArROaPOT i Bazaps Bl 1 érkﬁxg%iﬁp%%g%i 65 -
yl]parbonyll 4- ﬁ?goégﬁg 858'%?@%[%8§t8y 2 mmol o?ﬁalned in-

(trifluoroacety I azas ] octane e conpouna oBtained in

Step 13 of r e 1 ed i e Step 1 of
Bxampl e 2 Gorng (he. Comanun ol ch Sran S of REr S once aml o' 7

instead of (the gonpauadwabeai nedsi miFten cdode Bl ence- ol &6 P glve
the title conpound as a colorless solid. 1H NWR (400 VHz, DWMSO d6, iOOCD 8:
0.71-0.73 01Bls mnplQ. 8840292, 61B-tB) rathe®B y(oHped.idlre l—H&&l 4.2100- 1. 13
(3H, n), 1.30-1.32 (1H, n), 1.47-1.49 (1H, n), 1.77 (3H s), 2.06-2.08 (1H
), 2.61-2me8 Q1M2 muol3. Hers. BAde8Hand) the. Zes318inglMixgure3was- 3. 95 (2H,
m, 4.61 (1H ‘brs), 5.04 (1H t, J=8.1 Hz), 5.34 (1H, d, J=54.0 Hz), 5.50
(1H, s), 6Stargen, a@ rgem gem@?ragugs @pm 4dhomf$ 8 Hﬂpeow51@o@1mm dd,
J=8.3, 0.7 Hz), 7 = 2.4 Hz), 8.25
(1H, t, EhéoﬁfffaéﬁeﬁO%Uteeﬁ) ? PGARWaf fFé@ﬁ 6§Pl§O@$dcﬁHbro 3-
quorophen

methyl -5, egé.ﬁ?&?gpﬁraiiﬁpéthE]ﬁfeéﬁ?ﬁ.az PRLIendc 1ayer was
T et ooy has gl ML kaPlakEh BLTREN A urs o BRRsP kel Al art ane
e

The conpoun fai ne oVE Was react the L way as in
Step 2 of e ive e C 0 or I 1H NWVR
(400 Mz, %ﬁ%@?ﬁes%iggé$ 8: TEQ sbhbggt(%gg %Q%p%§a%e df%i e?%éﬁ§ 92 (3H,
d, J=7.1 HgresQu¥d L3H tHe res@@ue éEEain@é)wa% @rﬁ%ﬁedb%%951@1z@ (3H s),
1.99-2.02 (1H, n), 2.32-2.34 (1H, 1), 2. 61-2.68 m. 2°86-2.92 (1H, .
3.30-3. 32 ééﬂ cﬁkom§t6§rééﬁy qghlér§§03m_%ét%aHéh —34%01(15 16dy J=19.9,
12.8 Hz), 4.17-4.20 (1H, M. 5.00 (1H t, J=8.0 Hz), 5.32 (1H d, J=53.1

Hz), 5.48 (TWyv)3) to6gZ8e( the u;tlescamﬁbpndG (93 (oH, 58%)J=8. & FE) 7.15
(1H, d, J=8.3 Hz), 7.31 (1H, t, J=7.9 Hz), 7.63 (1H, dd, J=8.3, 2.7 Hz),
8.24 (1H, d919f23$SH§PliMB (ESI') mz: 689 [(M+H) +]. Anal . Cal cd. for
C33H36C12F2N602S-1. 25 H20: C, 55.65; H, 5.45; N, 11.80. Found: C, 55.26; H,
5.19: N, 1 Hg@MREké%@|%Hq, DM3®Pepe,1:90°C) 8: 0.49-0.61 (2H, m), 0.92
(6S)-7-[(4R),-1- 6 ) -.5- (4-chlor

quorophen}é? ! 6= rd 9r.8.gg gﬁy §v|§bar&p§f)6 1.07-1.16 (1H,

gffgglbonyTglhxd 3L?L§%Z é%f;TF] e?%tnb ZOl ;1.78 (3Hf s), 2.07-

(trifluorogcehyihyt %09'9%%@92(%52 §h90h§993.16—3.22 (1H, m), 3.33-
3.41 (1H, m), 3.74 (1H, dd, J=36.4, 11.0 Hz), 3.87-4.04
(2H, m), 4.35-4.48 (1H, m), 4.67-4.74 (1H, m), 5.03-5.10
(1H, m), 5.35 (1H, d, J=53.0 Hz), 5.51 (1H, s), 6.74-6.78
(1H, m), 6.93-6.99 (1H, m), 7.18 (IH, d, J=8.3 Hz), 7.35
(1H, t, J=8.1 Hz), 7.66 (1H, dd, J=8.4, 2.6 Hz), 8.26 (LH,
d, J=2.2 Hz).

MS (ESI) m/z: 819 [(M+1)]".



The conpound obtained in Step 13 of Reference Exanple 1 was reacted in the
sane way as in Step 1 of Exanple 2 using the conpound obtained in Step 2 of
Ref erence Exanple 9 instead of the conpound obtained in - 67 - Step 2 of
Reference Exanple 5 to give the title ggnpound as a colorless solid. 1H NWR
(400 MHz, DMSO-d6, 90C) 5: 0.67-0.74 (2H, m, 0.80-0.85 (3H, m, 0.91 (3H,
d, J=7.1 FE) 0.94 (3H, J 6.8 FE 1.25-1.33 (1H, m, 1.43-1.53 (3H m,
1.77 (3H 2. 17 7 2 63 (1H, m, 3.37-3.97 (6H m,
4.06-4 fsfﬁ %Rig %éé I TH, %n[) B3 640 BrH4 thlP%’z% Hz) 5.51 (1H,

s), 6. 72 6 7.-34

(1H, t,m %z he%&%‘?f#‘&iﬁ% RYFL @2”6‘3@61 é’ﬁ‘ O(Pﬁi?pyol, 6?:”2 2 Hz). NB
(ESI) mz: %%%g[lﬁg{""é)-hlhgfgg%ﬁ d(a%r?}f) 1[—(b‘ﬁso Idr%(}{t[hf_%('%_of;ﬁbﬁ (4-chloro-3-

quoropheny chl or
met hyl - %%%Inrma@[fau%r@hlp%]otl f; j?-Q;' A
yI]carbony -fluoro-L-prolyl]-6-ethy 7- di azaspiro[ 2. 5] oct ane The

conpound olatl@lz@@@llra St.ep ot rabeve wasyLaatied ddi d ke s b dsd N Step 2
of Exanple 1 to give the title conpound as a colorless solid. 1H NVR (400

MHz, DMBO- d6, 90K 8omPolidOoBRalRkk ), s8e5030ab8ve2Hasnkealté8- @n84 (3H,
m, 0.91 (3H, d, J=7.3 Hz), 0.93 (3H, d, J=7.1 Hz), 1.65-1.73 (2H, m), 1.77
(3H, s), 2ibe- Zape WaM, as) in2 S 236 f( Reference FBae® (3lHo m)ive2. 72-2. 77
(2H, m), 3.46-3.58 (2H, n), 3.70-3.95 (2H, m), 4.12-4.20 (1H, m, 4.89-4.95
(1H, m, 537 (C}Hledcomﬁsp}nzi HzS) a @aé@ (miilosv) scg.iTR- 6. 79 (lH n,

6.91-6.99 |- (aH 7 (1 J=8.3 Hz), 7.34 (1H, t, J=7.9 Hz),
7.65 (1H, -ddT NlﬁRs 4 OszéZHz?MS@ 96 91@40 d.8:782 85120 I\(/SH(,ESI) f-22 703

[1(1|vg;|);] @@%7 g C%o g%r H%gojlm: g% 37'1%2;3 |43HB 4’59 JN7I r£157?18 FN
5. 32; 5
(6R) - 7-[ (4R 3[88R i) E§%4 IHﬁlorzoog ARy fsr SdredyD) 623 (HH,

(6-chl or opyr ih@i_ y 3- [hi5OpPRoRy 16 t )6-

d|hydr0|n1ga§§[g %3b%h¥ 3??h|§z%¥ % ?ﬁfca o%§1134?9 3-35 (28, m),

fl uoro- L- praleglh- G4ethwl- 43 (t i Fluar eacetiyl) wd,, 7-4 .dizazaspi 1R, 2. 5] oct ane

The conpound obtained in Step 13 of Ref er ence Exanple 1 was reacted in the
same way ag=il9.8tep3l4oHzExample-%.33i N@H, hen)Gormawnd leht @i, ned-sin sStep ' 2
of Reference Exanple 11 instead of the conpound obtained in Step 2 of
Ref er ence BExanple 53-H0 5¢i VéHt, he)t,i t5.8 3cdmpioursd ,a$ .8 3cd.&d gds1,sal)i,d. 1H NWR
(400 MHz, DWMVSO- d6, 90C3 6: 0.69-0.75 (2H, m, 0.79-0.86 (3H, m, 0.94 (6H,
d, J=7.1 H2)11170371 (14, ( oM, ﬁ‘) 271.(26,1933 JEBHS M)z) ,1.743.01.83L,(3H, m), 1.78

(3H s), - 69 - 1,02:2 12 @260270%{1H?327349(2Hn’)
3.64-3. 84 (JZ|1| 9n¥1z)3. 958 d H(,m nyY=8441424 28 2)3H8 -M° dH589%. 64 (1H, m),
506512(1 535(1HdJ557Hz)552(1H s), 6.74-6.79 (1H,

m, 6.92- 6J9 €182, 7. 18(1H d, J=8.3 Hz), 7.35 (1H, t, J=7.9 Hz), 7.66"

(1H, dd = 3 Z).. d, J=2.2 Hz). M8 (ESI) mz: 799

[ (M+H) - Esé)a nf2: ogd %%&ﬂzFSNaosso. 5 H20: C 53.47: H 4.74: N,
10. 39; F 11 75 CI,_ 8.77; S, 3.97. Found: C 52.97. H 4.52. N, 10.37: F.
12. 45; O , 7.90; S, 3.94.

The compound obtained in Step 13 of Reference
Example 1 and the compound obtained in Reference Example
23 were reacted in thé same way as in Example 13 above to
give the compound in the following table.

[Table 13]



-Exanple 6

(6-chl oropyridin-3-yl)-3-isopropyl-6-nethyl -
di hydr oi m dazo[ 2, 1-b] [ 1, 3]t hi azol -
fluoro-L-prolyl]-6-ethyl-

(6R)-7-[(4R)-1-1[ (5R, 6S) - 5- (4-chl or o- 3-f | uor opheny1) - 6-

5, 6-
2-yl]carbonyll-4-
4, 7-di azaspirgf2._5] oct ane

The conpound

- obtained in Exanple 5 was reacted in the same way as in Step 2 of Exanple 1
to give the title conpound as a colorless solid. 1H NWR (400 MHz, DMSO- d6,

added to a 1,4fdioxane

(340 mg,

37% aqueous paraformaldehyde sclution

mmol)

stirred for 17 hours.

0.503 mmol)

(10 ml) solution of the compound

obtained in Step 2 of Example 1 and
(0.41 ml,

5.05

at room temperature and the resulting mixture was

Saturated aqueous sodium

bicarbonate solution was added, followed by extraction

70C) 6: 0.p5-0.38 (2H Ny, 0.49-0.55 78-0.98
(3H, m), 0]/93 (6H, d, J=7.1 Hz), 1.42°51 72'(4 S 3951 70 -
1.86-2.13 (1H, n), 2.40-2.45 (1H, m|°- EzééHz 67 (7I|5| 18§) 7 2.69-2.84|(3H, m,
3.49 (1H, ¢dd, J=13.3, 6.5 Hz), 3.63-[035821(28,(2H), m3,86-B849FH( 184, m), _
4.17-4.24 (1H, m), 4.98- 5.06 (1H; =65183)(1H.16d1.33%3H]1, mP0. 1 Hz), 5.53
(1H, s), 6/71-6.75 (|1H, m), 6.93-6.99. @gl—daHrr) V7. é9o(31btlgi,(1g 8m;5 Mz), 7.35
(1H, t, J=F.4 Hz), 7.66 (lH dd, J=§.4,.2, 6 2 Hz). MB
(ESI) mz:|703 [(MH)alL o Caor = f13 g%%%%g%%zﬁe%?s@ & Eé‘o C
57.66; H, b.48; N, 11 ﬁ,\ : 1 Found: C, 57.71; H,
5.40; N, 1[E85PrE 4, N 59,43 " 3. 544§ BExAfpI®) 7 4-00-4.10 (1H,
(6R)-7-[(4F€)41-{[(5F($ J5 (4;- Qr m3-,fl5u@|50|§héﬂlyl)11 m), 5.39(1H
(6-chl oropyridin-3-y1 . -8, metbyl 25265 6.04 (1H, s),
-di hydr oi m gazo[ 2, 1-R] [ 1, 3]th|azd1 2 glbea%bg@ 1b-45), 7.14-7.21(1
fl.uoro-L-prolyl]-6-ijsobutyl-4, 7-di aza plgoEQ % octang e The conpound
obtained in Step 13 |of Reference Ex nz wadredet 8g° he sane |way as
in Step 1 pf Exanpleg 2 using the co oﬁﬂdlﬁbtévn€a7|ﬁHSiep 26%f1ﬁ@ference_
Exanpl e 13|instead gf the conpound qBfai Hed-Pn 8t éPz2.of - Reftliende |Exanpl e
5 and then|reacted ijn the - 71 - same2wayzas in Step 2 of Exanple|l to
give the t|{tle conpaund as a pal e yeMkowssohiyd. 71dHMVR) (400 MHz, | DVMSO- d6,
1000 6: 0.22-0.76 (4H, nm, 0.83-1.03 (1I3H, m, 1.40-1.56 (1IH ny,
1.59-1.76 (1H, m, 1.79 (3H, s), 1.81-3.04 (7H, m, 3.06-3.22 (1H, m,
3.44- 3.63 (1H, n) 3 64-3.85 (1H, nm), 3.92 (1H, dd, J=19.9, 12.8 Hz),
4.92-5.10 (1H, 22-5.46 (1H, m), 5.51 (1H, s), 6.76 (1H d, J=8.1 Hz),
6.95 (1H, - Xaﬁ‘Péellﬁz) 7.18 (1H, d, J=8.3 Hz), 7.34 (1H t, J=8.1 Hz),
7.66 (1H, dd, J=8.3, 2.4 Hz), 8.27 (1H, d, J=2.4 Hz). M5 (ESI) mlz: 731
[ ( MEH) 4] . QpaF cd. for C36H42GL2F2N .5 H20: C, 58.37; H, 5.85; N,
11. 35. Foun C%)(;FH 5.77; N, .iﬁ%(jﬁple 8
S
Z Y- =N 0N
CI”N

CI” N Q;%q

T7-[(4R)-1-{[(5R,6S)-5-(4-chloro-3-fluorophenyl)-6-(6-

chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-

dihydroimidazo[2,1-b][1,3]thiazol-2-yl]carbonyl}-4-

fluoro-L-prolyl]-4-methyl-4,7-diazaspiro[2.5]octane

Sodium triacetoxyborohydride (267 mg, 1.26 mmol) was



4-1(4R) - 1-{[ (5R, 6S) - 5- (4-chl oro- 3-f | uorophenyl) - 6- (6-
chl oropyri di n-3-y1l)-3-isopropyl-6-nethyl-5, 6-
di hydroi m dazo[ 2, 1-b][1, 3] t hi azol - 2-yl ] car bony11- 4-

fluoro-L-prolyl]-4,9-diazaspiro[ 2. 2.2.2} decane

The conpound obt ai ned

in Step 13 of Reference Exanple 1 was reacted in the same way as in Step 1
of Exanple 2 using the conpound obtained in Step 2 of Reference Exanple 15

| nstead of the comRaURd.ental nednino yafle 1 55keP 20l ReLEr Gate Bxamle 5

and then reacte
title conpouRdragna cakarbess selihd. and drled fver anhydrous sodium

t he sane way as i to give t

1H NVR(400MHz, DMSO- d6, 100C) 8: 0. 60(4H, d, J=5. 1Hz

0.87(1H t, d57r8He) 2849466Hsb1d=6:8Hza), &o@%e%t%@ted under reduced
(5H,ﬁ),1.79(3H,S),2.l3(1H,dd,J=36.3,6.2FE), 2.59-2.74(3H, nm), 3.58(2H, dd,

. J=34.9, 12. e} s8r29- £he0 re2kdnp, obrainetHws), phrddietHpy, 3353.c5Hz)

(1H, s),6.76 (1H, d,J=7.8 Hz), 6.95.(1H d,J=9.3 Hz), 7.17

gel chromatography [chloroform:methanol = 50:1 (v/v)) to
give the title compound (309 mg, 89%) as a colorless

solid.

'H-NMR. (400 MHz, de¢-DMSO, 100°C) &: 0.43-0.48 (2H, m),

0.56-0.62 (2H, m), 0.93 (6H, d, J=7.1 Hz), 1.77 (3H, s),

2.03-2.18 (1H, m), 3.30 (3H, s), 2.60-2.67 (2H, m), 2.73-
2.78 (2H, m), 3.34 (2H, brs), 3.54 (2H, brs), 3.68-3.78
(1H, m), 3.80-3.95 (1H, m), 5.04 (1H, t, J=7.8 Hz), 5.34
(1H, d, J=53.0 Hz), 5.50 (1H, s), 6.75 (1H, d, J=8.0 Hz),
6.93 (1H, d, J=9.0 Hz), 7.16 (1H, d, J=8.3 Hz), 7.33 (1H,
t, J=8.0 Hz), 7.64 (1H, dd, J=8.3, 2.3 Hz), 8.25 (1H, d,
J=2.3 Hz). | |

MS. (ESI) m/z: 689 [ (M+1)]".

The compound obtained in Step 2 of Example 2 or the

compound obtained in Step 2 of Example 3 was reacted in

the same way as in Example 15 above to give the compounds

in the following table.

[Table 14]

t he

5.51



(1H,d, J=8.3 Hz), 7.34 (1H, t,J=7.9Hz),
8.26(1H d, J=2.4Hz).

5.32; N, 11.01. Exanp

MS(ESI)m z: 7

7.65 (1H, dd, J=8.4,2.3 Hz),

O1[ (M+H) +] .- Anal . Calcd. for
C34H36C12F2N602S1. 75 H20: C, 55.69; H, 5.43; N, 11.46. Found: C, 55.58; H,

le 9 Step 1:- 86 -

(6S)-7-(1-{[(5R, 6S)=-5-(4-chl oro-3-fl uorophenyl) -
6- (6-chl oropyridi n-3-yl)-3-isopropyl-6-nethyl-5, 6-

di hydr oi m gazef2=%

di fl uor o- L
The conpoul
same way af
Step 2 of |
of Referen

prolyl)
nd obt ai
5 in Ste
Ref er enc
ce Exanp

Example
16

N
D

a)

-

hll 1 21+ h: A=Al 2
U]LJ—, \JJ‘.". AL U7 [~

6-methyl-4-(trifl

ed in Step 13 of
1 of - 73 - Exa
Exanpl e 16 inste

e 5togive thet

\:I 'I car hnnu‘l 1 /1

u8r8§8é€99¥ﬂa WkwﬂMéﬂasbPQd[é 5
RefZérénce Btanpl e 0. A rdaldittad
mwpl,e 2 ausiong 5t (a1, canypound obt ai
ad of - o ﬁ@ﬁp%“d colhaizged 4 n
£ qerpoynd ;asa £olpr) 55
1.25-1.28(3H, m), 1.77(3H, )
2.08(3H, s), 2.10-2.21(1H, m),
2.50-2.64(4H, m), 3.18-3.26(1H,
m), 3.53-3.60(1H, m),
3.68-3.78(1H, m), 3.80-3.95(1H,
m), 4.37-4.40(1H, m), 4.98(1H,
t, J=7.8Hz), 5.34(1H, d,
J=53Hz),.5.49(1H, s), 6.75(1lH
d, J=8.0Hz), 6.93(1lH, d,
J=9.0Hz), 7.16(1H, d, J=8.3Hz),
7.33(1H, t, J=8.0Hz), 7.64(1lH,
dd, J=8.3, 2.4Hz), 8.25(1H, d,
J=2.4Hz) .

MS(ESI)m/z: 703[(M+1)]"

Example
17

'H-NMR (400MHz, d¢-DMSO, 100°C)&:
0.30(1H, br), 0.45-0.50(1H, m),
0.60-0.64(1H, m), 0.85-0.90 (1H,
m), 0.92(3H, d, J=7.1Hz),
0.93(3H, d, J=7.1lHz),
1.25-1.35(3H, m), 1.77(3H, s),
1.92-2.07(1H, m), 2.09(3H, s),
2.62-2.68(4H, m), 3.22-3.34(1H
m), 3.43-3.51(1H, m),
3.67-3.79(1H, m), 3.86-3.95(1H
m), 4.27-4.35(1H, m), 5.00(1H,
t, J=7.8Hz), 5.34(1lH, d,
J=53Hz), 5.49(1H, s), 6.74(lH
d, J=8.3Hz), 6.92(1lH, d,
J=9.5Hz), 7.16(1H, 4, J=8.3Hz),
7.33(1H, t, J=8.0Hz), 7.64(1lH,
dd, J=8.3, 2.5Hz), 8.25(1lH, d,
J=2.5Hz) .

MS(ESI)m/z: 703[ (M+1)]1"

] oct ane

in the
ned in
Step 2
Iid.



1H NVR (400 MHz, DMBO-d6, 100C) 8: 0.73 (2H, brs), 0.90- 0.95 (6H m, 1.12
(3H, brs), 1.25-1.31 (1H n), 1.48- 1.50 (1H, n), 1.77 (3H, s), 2.31-2.45
(2H, n), 2.58-2.65 (1H, m, 2.91-2.96 (2H, n), 3.38-3.58 (3H, n), 3.93-4.19
(2H, m, 4.65 (1H brs), 5.10 (1H, br),,5.50 (1H, s), 6.77 (1H d, J=7.5
Hz), 6.96 (1H, d, J=10.0 Hz), 7.17 (1IH 'd, J=8.2 Hz), 7.32 (1H t, J=8.0

Hz), 7.64 (1H, dd J=8.2, 2.2 Hz), 8.25 (1H d, J=2.2 Hz). M5 (ESI) nl z:
803 [(MtH)-]. Step 2: (68)-7-(1-1[(5R,68)-5-(4-chloro-3-f|uorophenyl)-

6- (6-chl or opyri dha- 3091ngngs@pm@pvhd6—W@Kﬁyby®t®esized according
dlhydr0|n1dazo[2 1-b][1, 3]thiazol -2-yl]carbonyll-4, 4-

di f 1 uor o- L-5t GINELY -eéf:r@{morzﬁ PUiEfasTI 2 RerduFelon methds dRsbund
obtained in Ste baove s reacted in the sane way as in Step 2 of
Exanpl e 1 t%5°& ﬁetﬁiQﬁg conpound as a colorless solid. 1H NVR (400 MHz,
DVBO- d6, 10ﬁg%) % 39 (2H, t, J=7.7 Hz), 0.57 (2H, t, J=7.7 Hz), 0.92 (6H,
t, J=7.6 Hz) TE18-1. 29 (5H, m, 1.77 (3H, s), 2.28-2.41 (1H, nm, 2.62-2.68
(2H, m, 3. 39 (3H, br), 3.90-4.01 (1H, m, 4.09 (1H t, J=12.5 Hz), 4.28
(1H, br), 5.10 (1H, br), 5.50 (1H, s), 6.76 (1H, d, J=7.8 Hz), 6.96 (1H, d,
J=9.5 Hz), 7.16 (1H, dd, J=8.3, - 74 - 0.5 Hz), 7.32 (1H, t, J=8.0 Hz),
7.64 (1H, dd, J=8.3, 2.5 Hz), 8.24 (1H, d, J=2.0 Hz). M5 (ESI) mlz: 707
[(MtH) +] . Anal. Cal cd. for C33H35C12F3N602S0.5 H20: C, 55.31; H, 5.06; N,
11.73. Found: C, 55.69; H 5.28; N, 11.52. Exanple 10 Step 1:
(6R)-7-(1-{[(5R, 6S)-5-(4-chl oro-3-fl uorophenyl) -

6- (6-chl oropyri di n-3-y1)-3-i sopropyl- 6-net hyl -5, 6-

di hydr oi m dazo[ 2, 1-b] [ 1, 3] t hi azol - 2-yl ] carbony11- 4, 4-

di fluoro-L-prolyl)-6-nethyl-4- (trifluoroacetyl)-4,7- diazaspiro[2. 5]octane
The conpound obtained in Step 13 of Reference Exanple 1 was reacted in the
sane way as in Step 1 of Exanple 2 using the conpound obtained in Step 2 of
Ref erence Exanple 17 instead of the conpound obtained in Step 2 of

Ref erence Exanple 5 to give the title conpound as a colorless solid. M5
(ESI) mz: 803 l(N%Fbl Step 2:

(6R)-7-(1-{[ (5R, 6S)-5-(4-chl oro-3-fl uorophenyl) -

6- (6-chl oropyridin-3-yl)-3-isopropyl-6-nmethyl-56- - 75 -

di hydr oi m dazo[ 2, 1-b] [ 1, 3]t hi azol - 2-yl ] carbony11-4, 4-

di fluoro-L-prolyl)-6-nmethyl-4,7-di azaspiro[2.5]octane The conmpound
obtained in Step 1 above was reacted in the sane way as in Step 2 of
Exanple 1 to give the title conmpound as a colorless solid. 1H NVR (400 MHz,
DVSO-d6, 100C) 8: 0.38 (1H, br), 0.58 t, J=7.3 Hz), 1.23-1.28 (3H, m,
1.78 br), 2.46-2.50 (2H, m, 2.66-2.72 (2H, M, 3.94-4.12 (2H, m, 5.13
(1H, dd, J=9.6, 5.1 Hz), 5.51 (1H, s), 6.76 (1H, d, J=8.0 Hz), d, J=9.8
Hz), 7.16 (1H, dd, J=8.0, 0.5 Hz), t, J=8.0 Hz), 7.64 (1H, dd, J=8.3, 2.5
Hz), d, J=2.5 Hz). M5 (ESI) mlz: 707 [(MtH)+]. Anal. Calcd. for
C33H35C12F3N602S0. 5 H20: C, 55.31; H, 5.06; N, 11.73.



Found: C, 55.49; H, 5.18; N, 11.47.

Exanpl e 11

Step 1:.

(6R)-6-(f[tert-butyl (di nethyl)silyl]oxylnethyl)-
7-[ (4R) - 1-1[ (5R, 6S) - 5- (4-chl oro- 3-f | uor ophenyl ) - 6- ( 6-

chl oropyri di n-3-y1)-3-i sopropyl
di hydroi m dazo[ 2, 1-b] [ 1, 3] t hi azo
fluoro-L-prolyl]-4-(trifluoroacetyl)-4,7- diazaspiro[2.5]octane

- 6- met hyg -
-2-yl

S, 6-

car bonyl1- 4- 76 -

The

conpound obtained in Step 13 of Reference Exanple 1 was reacted in the sane

way as in

Exanpl e 19
5 to give

DMSO- d6, 9
s), 0.88 (
1.38-1.47
3.47-3.96
5.37 (1H,
m, 7.14 (
2.4 Hz), 8|
{(6R)-7-[(
fl uorophen
met hyl
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0. 42 mol)
(255 ny,
m xture wa
concentr at
wi th ethyl
sodi um bi c
sodi um sul
resi due ob
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its d, Jj
23 (lH
AR) - 1-{]
y1)-6- (64
di hydr oi
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Exanpl e 12
(6S)-6-Me
7-[ (4R) - 1-
chl or opyri
di hydr oi m
fluoro-L-p
conmpound o
way as in

Exanpl e 20
5 to give

NH-s
égf?ol .\Q%V%N ] to|g)ive2tBé-Ri.Léldonpbund.2302Hny, [52%
Iess d. N’ﬁ 0 MHz| bBMEO3 065 | 9@¢)b8),033@7934’11(12fﬁ m,
0. 3H, ,N 1K), 307g53(§y(1g; r7 15z 1 78
11 2. 31 (2H, m, 2.5 64 E ﬁ g)96g g % g % 5% g% 914.18
47-4.64|(1H, m, 4.83- 4 94 8- 9 (1 (1H
Hz), 5.51 (1H, s), 6.72-6.78 nlj 8L 50 - %.Ls
8.3 Hz), |7.35 (1H, t, J=7.9 FEY 58266 (1PH aq07g&@ 4m a 2 Hz),
d, J=2.2|Hz). M5 (ESI) mz:|7051[(eNyHY, Fy=7ApRk), Cal cd. for
PN603S0. % H20: C, 55.4.6; f|n.bp22; 2 zﬁl R0, F, 5.32; 4, 9]92;
ound: C, |55.42; H, 5.24; N |41 £3;, 5/2 285 Qi1 9,77 S 4. 4%,
— 78 - Step 1=
rt-butyl (di met hyl ) silyl]oxy| btk §400MHz, ds-DMSO, 100°C)3:
{[ (5R, 6S)-5-(4-chl oro-3-fl upPephén§r)bel(60-56(2H, br),
di n- 3-y1)-3-isopropyl - 6-nmet hgl 86 (6H, br), 0.88(3H, d,
dazo[ 2, 1{b] [ 1, 3] t hi azol - 2-y| bearbanylledeo (31, d, J=7.1Hz),
rolyl]-44(trifiuoroacetyl)-#;7,¢ ggzagpg;o[g 5L@§ﬁan The
bt ai ned ijnc af Rgferegcgl amp g yas. I ea Eg same
Step 1 of Ex ‘ng thé conpoun ai hed Fer
FHITRYY | of Qoﬁpo nd ob ar féa rﬁZS%%p )of3R%?é?%nc%rExanple
the title ¢ ind &5 | pBl €§s3s@Bi(dH, m), 3.85-3.93(1lH
_«— m), 4.52(1H, br), 5.00(1H, t,
J=8.1Hz), 5.32(1H, d, J=53Hz),

5.38(1H, s), 6.88(2H, d, J=8.6Hz),
7.03-7.07(2H, m), 7.10(2H, d,
J=8.6Hz), 7.22-7.25(2H, m).

MS(ESI)m/z: 670[ (M+1)]".




1H NVR(400 Mz, DVBO- d6, 90C) 6: s), 0. 67-0. 75(1H, m), 0. 82- 0. 88

0.87-0.94(6H, ), 1. 26-1. 36( 1H, 1.74(3H,s), 1. 90-2. 10(2H, m),

3.95(7H, M, 4. 16-4.29(1H, M), 0.00(3H,s),0.01(3H, (1H m,0.84(9H, s),

m, 1.39-1.47(1H m), 2.56-2.65(1H m,3.4Q-_4.44-4.56(1H ), 4.99- 5. 12(1H,
m,5.32 (1H d, J=54.2 Hz), 5.48 (1H s). 6.69-6.74 (1H m), 6.88-6.93 (1H,
m, 7.14 (1H, d, J=8.3, Hz),7.30 (1H t, J=8.1Hz), 7.62

[Table 16]

'H~-NMR (400MHz, d¢-DMSO, 100°C)3:
0.33-0.38(2H, m), 0.52-0.58(2H,
m), 0.80-0.83(3H, m), 0.86(3H, d,
J=7.1Hz), 0.92(3H, d, J=7.1Hz),
1.66-1.70(2H, m), 1.73(3H, s),

C' j;g CF  |2.10-2.24(1H, m), 2.43-2.65(3H,
Example NY S;J m), 2.73-2.78(1H, m), 3.65(2H,
:N oA, br), 3.70-3.80(1H, m),
Cl . "
B
H

21 3.82-3.94(1H, m), 4.05(1H, br),
4.98(1H, br), 5.36(1H, d,
J=53Hz), 5.38(1H, s), 6.90 (2H, d,
J=8.3Hz), 7.04-7.07(2H, m),
7.11(2H, d, J=8.3Hz),
7.22-7.25(2H, m).

MS(EST)m/z: 684[ (M+1)]*.
{*H-NMR (400MHz, d¢-DMSO, 100°C)&:
0.32-0.36(1H, m), 0.50-0.57 (3H,
m), 0.83-0.86(3H, m), 0.88(3H, d,
J=7.1Hz), 0.91(3H, d, J=7.1Hz),
1.62-1.68(2H, m), 1.73(3H, s),

e \g/g F|2.09-2.22(1H, m), 2.59-2.64 (2H,
Example N :;] m), 2.81-2.85(2H, m), 3.10(lH,
YN o br), 3.50(lH, br), 3.66-3.78 (1K,
Cl
/’&Eﬂ

22 m), 3.85-3.93(1H, m), 4.21(1H,
br), 5.02(1H, t, J=8.0Hz),
5.36(1H, d, J=53Hz), 5.38 (1H, s),
6.89(2H, d, J=8.3Hz),
7.03-7.07(2H, m), 7.10(2H, d,
J=8.3Hz), 7.22-7.25(2H, m).
MS(ESI)m/z: 684[ (M+1)]1".

*H-NMR (400MHz, d¢-DMSO, 100°C)&:
0.44-0.48 (4H, m), 0.91(3H, d,
J=7.1Hz), 0.93(3H, d, J=7.1Hz),
1.74(3H, s), 2.02-2.34(1H, m),

ok o 2.53-2.66(2H, m), 2.72-2.76(2H,
2] ;I;i Foom), 3.32-3.37(2H, m),
Example S :;] 3.42-3.48(2H, m), 3.67-3.80(lH,
= 0
cl J {“__\q

23 m), 3.86-3.93(1H, m), 5.03(1H, t,
J=7.8Hz), 5.33(1H, d, J=53Hz),
5.43(1H, s), 6.71(1H, d,
J=8.0Hz), 6.88(1H, d, J=10.0Hz),
7.07-7.10(2H, m), 7.24-7.29(3H,
m) .

MS(ESI)m/z: 674[ (M+1)]1*.




(1H, dd, J=8.3, 2.7Hz), 8.23(1H, d,J=2.2 Hz). - MS(ESI) m z:915

[ (M+H) +] . - 79 - Step 2: {(69)-7-[(4R) -1-{[(5R, 6S)-5-(4-chl oro- 3-
fl uorophenyl)-6-(6-chl oropyridin-3-yl)-3-isopropyl- 6-

met hyl - 5, 6- di hydroi m dazo[ 2, 1-b] [ 1, 3Lt gpazol - 2-

yl ] carbonyl1-4-fluoro-L-prolyl]-4,7-diazaspiro[2.5]oct-6- yl}nethanol
The conpound obtained in Step 1 above was reacted in the sane way as in
Step 2 of Exanple 11 to give the title conmpound as a colorl ess solid.

1H NVR (400 Tatle BVEO d6, 90C) 6: 0.25-0.40 (2H m), 0.48-0.66 (2H 1),

0.93 (3H, ¢ J=7-8 ), 0- 94 (3H = P 7215
(2H, m, 2ﬂ64-2.69 (LH, m, 2.75-2. 85(7§1§§“7ﬁf0%3? 635Yi% Wii%ff
J=8.1Hz), 5/34(1H d, w0 e R

0.93(3H, d, J 6.8Hz), 1.19(3H,
brd, J=6.5Hz), 1.73(3H, s),
2.07-2.19(1H, m), 2.54-2.64(3H,
m), 2.87-2.91(1H, m), 3.19(1lH
br), 3.44(1H, br), 3.67-3.70(1H
m), 3.76-3.93(1H, m), 4.31(1lH
br), 4.95(1H, br), 5.35(1H, d,
J=53.6Hz), 5.44(1H, s), 6.71(1H
d, J=7.8Hz), 6.88(lH, d,
J=9.1Hz), 7.07-7.10(2H, m),
7.25-7.30(3H, m).

MS(ESI)m/z: 688[ (M+1)]"

'H-NMR (400MHz, d¢-DMSO, 100°C)$:
0.35(1H, br), 0.55(2H, br),
0.88(1H, br), 0.91(3H, d,
J=6.9Hz), 0.92(3H, d, J=6.9Hz),
.20(3H, brs), 1.73(3H, s),

.98 (1H, br), 2.59-2.68(3H, m),
.87-2.91(1H, m), 3.41(2H, br),

Example
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Example S

1
1
2
oc NS 3 68—3.78(1H, m),
Cli’ Nﬁkj m
J
5.
J=
7

3.85-3.93(1H,
, 4.50(1 r), 5.00(1H, t,
8.2Hz), 5.33( H, d, J=53Hz),
.38 (1H, s), 6.71(1H, d,
8.2Hz), 6.88(1H, d, J=10.0Hz),
.08-7.11(2H, m), 7.24-7.29(3H
m) .

MS(ESI)m/z: 688[ (M+1)]"

‘H-NMR (400MHz, d¢-DMSO, 100°C)&:
0.44-0.48(4H, m), 0.90(3H, d,
J=7.1Hz), 0.91(3H, d, J=7.1Hz),
1.76(3H, s), 2.01-2.36(1H, m),
2.53-2.66(2H, m), 2.72-2.76(2H,
m), 3.28-3.37(2H, m),
3.44-3.48(2H, m), 3.67-3.79(1lH,
m), 3.86-3.94(1H, m), 5.04 (1H, t,
J=7.8Hz), 5.33(1lH, d, J=53Hz),
5.46(1H, s), 6.92(2H, d,
J=8.3Hz), 7.11-7.18(3H, m),
7.62(1H, dd, J=8.3, 2.4Hz),
8.23(1H, d, J=2.4Hz).
MS(ESI)m/z: 657[ (M+1)]"

Example
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3.45-3.53(1H, ), 3. 65-3. 97(4H, 4.41-4.51(11-1,n), 5. 06(1H, t,
J=57.1Hz), 5. 51(1H,s), 6. 71- 6.77 (1H, n), 6.91-6.98 (1H, m), 7.18 (1H,d,
J=8.3Hz), 7.34 (1H, t, J=8.1Hz), 7.66 (1H, dd, J=8.3, 2.4Hz), 8.26 (1H, d
J=2. 4Hz) . _ o1 -

[Table 18]

'H-NMR (400MHz, dg-DMSO, 100°C)&

0.36-0.38(2H, m), 0.54-0.58 (2H, m),
0.89(3H, d, J=7.1Hz), 0.92(3H, d,
|J=7.1Hz), 1.20(3H, brd, J=5.8Hz),

1.76(3H, s), 2.05-2.21(1H,. m),
ci o 2.50-2.65(3H, m), 2.88-2.91(1H, m),
;L;lN F|3.24(1H, br), 3. 44 (14, br),
Example >s 1;3 3.67-3.71(1H, w5 3.76-3.94 (1H, m),
27 ‘TN oAy 4.31(1H, br), 4.97(1H, br), 5.34 (1H,
@ N o4 |d, 9=53Hz), 5.45(1H, s), 6.92 (2H, d,
H  |J=8.3Hz), 7.11-7.17(3H, m),
7.62(1H, dd, J=8.3, 2.7Hz), 8.22(1H
d, J=2.7Hz) .
MS (ESI)m/z: 671([ (M+1)]"

'H-NMR (400MHz, dg-DMSO, 100°C)&:
0.36 (1H, br), 0.56 (2H, br), 0.85
(1H, br), 0.90 (6H, d, J =7.1 Hz),
1.25 (3H, brs), 1.76 (3H, s), 2.17
(1H, br), 2.60-2.69 (3H, m),
2.88-2.92 (1H, m), 3.39 (2H, br),
3.66-3.78 (1H, m), 3.86-3.94 (1H,
m), 4.45 (1H, br), 5.00 (1H, t,
J=8.3 Hz), 5.33 (1H, d, J=54Hz),
5.45 (1H, s), 6.91 (2H, d, J=8.4
Hz), 7.11-7.17 (3H, m), 7.61 (1H,
dd, J=8.4, 2.7Hz), 8.23 (1H, d,
J=2.7Hz) .

MS(ESI)m/z: 671[ (M+1)1]*

Example
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"H-NMR (400MHz, d,-DMSO, 100°C)5d
0.34-0.38(2H, m), 0.52-0.57 (24, m),
0.81-0.83(3H, m), 0.88(3H, d,
J=7.1Hz), 0. 91(3H, d, J=7.1Hz),
1.68-1.72(2 m), 1.76(3H, s),
2.12—2.27(1H m), 2.50-2.65(3H, m),
2.73-2.76(1 m), 3.69(2H, br),
3.70—3.80(1H, m), 3.82-3.95(1H, m),
4
d
J

Cl
Lo
N ?

Example S

.12(1H, br), 4.97(1H, br), 5.36(1H
, J=54Hz), 5.45(1H, s), 6.92(2H, 4,
=8.3Hz), 7.11-7.18(3H, m),
7.62(1H, dd, J=8. 3 2.2Hz), 8.23(1H
d, J=2.2Hz).
- IMS(ESI)m/z: 685[ (M+1)]1°




M5 (ESI) niz:

55.11; H,

705 [

5.25; N, 11.60; F, 5.28; d,
5.14; N, 11.62; F, 5.27; d,
(6R) - 6- (I[tertbutyl(dlnethyI)S|IyI]oxy55e

Anal . Cal

(MeH) ]

cd. for

(4-chl oro- 3-fl uorophenyl)-6-(6-chl oropyTi di n-3-y1)- 3-
5, 6-di hydroi m dazo[ 2, 1-b] [ 1, 3]t hi azol 2- yIIcarbonyII-4 fl

i sopropyl -
uoro-L-pro

6- et hyl -
lyl

-4,7- diazaspiro[2.5]octane-4-carboxyl ate

C33H36C12F2N603S0. 75 H20: C,
9.86; S, 4.46. Found: C, 55.00; H,
9.75; S, 4.45. Exanple 13 Step 1:
thyl)-7-[ (4R - 1-{[ (5R, 6S) - 5-

tert-butyl

The conpound

obt ai ned i nT8bég 18]of Reference Exanple 1 was reacted in the same way as
in Step 1 of Exanple 1 using the conpound obtained in Reference Exanple 22

i nst ead of [The conpound obtai ned in Jg erence Mo give
the title tonpoundjas a pale yellow g i%? % ﬁgﬁ >, 900
6: 0.05 (6H, s), 0{46-0.54 - 81 - , 7.34
(1H, t, J=B.1 Hz), |7.66 (1H dd, J=8, ,’J_ @_ 11;5 Hz). MBS
(ESI) mz:{920 [(Mf1)]+. "Step 2: tefi-bytyf H, m)
(6R)-7-[ (4R - 1-{[ (3B.ES) - 5y( 4 ch or 03: £husr pph g@ @ﬂff% %ndi n-3-y1
) - 3-i sopr opy1-6-. mit hi K5 néydishytir of i dazof 3, ﬁH f;{gﬁ 3Lt Dol - %
yl ] car bony [FEF Uor ok piot y 1~ 6- (hydeexymes hyh) .75 s6-3. 95(1H S
diazaspirof325]octde car box hﬁﬁe m), 4Tbeq ggnp@ypd @@(p@d th $tep 1
above was feacted iin the sa asgkp. @ggp,25o§6E¥@npae j455@29|\e t he
title conppund as a |ight brown 'solid, 451 s), 6.92(2H, d,
1H NVR( 400MHz, DMSO{d6, 90C) 8: 0. 43- 0. 5§QQH0H1;Q 921(3#L1d jﬁSIa Hz), 0.96 (3H
d, J=6.8Hz)} 1.01-1/08(1H, m, 1.29-17341(1K, mia, 1542.0, 2.4Hz),
(9H,s),1.7B(3H,s),2.17- 2.31 (2H, mMg.22(1H, d, J=2.4Hz).
' MS(ESI)m/z: 685[(M+1)]".
'"H-NMR (400MHz, d¢-DMSO, 100°C)3:
0.55(4H, brs), 0.92(3H, d,
J=7.2Hz), 0.94(3H, d, J=7.2Hz),
1.77(3H, s), 2.10-2.30(2H, m),
2.53-2.66(2H, m), 2.86-2.94(1H
m), 3.05-3.20(1H, m), 3.39(lH
br), 3.51-3.54(1H, m),
Example 3.76-3.98(3H, m), 4.97(1lH, br),
31 5.04(1H, t, J=7.8Hz), 5.37(1lH
d, J=54Hz), 5.48(1H, s),
6.75(1 d, J=8.3Hz), 6.92(1lH
d, J=8.8Hz), 7.14(1lH, d,
J=8.3Hz), 7.31(1H, t, J=8.0Hz),
7.63(1H, dd, J=8.3, 2.5Hz),
8.24(1H, d, J=2.5Hz).
MS(ESI)m/z: 707[ (M+1)]~

Reference Example 1



2.56-2.61 (1H, n), 3.17-3.24 (1H m),3.46- 3.54 (2H n), 3.56-3.62 (1H m,
3.70-3.77 (1H, m,3.84- 4.01 (2H m), 4.32-4.36 (1H, m), 4.64-4.70 (1H, °
m,5.09- 5.15 (1H, m), 5.38(1H d,J=51.3 Hz),5.51

- 93 -
Step 1 ‘/ Step 2 ',Q%‘ _Step 3 ',Q/ﬁ‘
NN
Step 4 OH - Step 5 Step 6 O Step 7
—
bo H,
C

Step 1: ethyl 2-(6-chloropyridin-3-yl)propanoate

A methanol (200 ml) solution of ammonium chloride
(6.88 g, 129 mmol) and 1-(6-chloropyridin-3-yl)ethanone
(10.0 g; 64.3 mmol) was added to an aqueous concentrated
ammohia solution (100 ml) of potassium cyanide (10.7 g,
161 mmol) under ice cooling and the resulting mixture was
returned to room temperature while being stirred for 3
days. The reaction solution was concentrated under
reduced pressﬁre and the residue was subjected to
extraction with dichloromethane. The organic layer was
dried over anhydrous magnesium sulfate and then the
solvent was'evaporated under ;educed pressure.
Concentrated hydrochloric acid (100 ml) was added to the -
residue obtained under ice cooling and then the resulfing
mixture was heated to reflux.for 2 hours. The feaction

mixture was concentrated under reduced pressure and then



(1H, s), 6.72-6.79 (1H, m),6.93-6.99(1H, m,7.18 (1H d,J=7.8 Hz),
7.31-7.38 (1H, m, 7.62-7.68 (1H, m, 8.24-8.29 (1H m . M5 (ESI) mz: 805
[(Mt1)]+. Step 3: (6R)-4-(tert-butoxycarbonyl)-7-[(4R)-1-{[(5R 6S)-

5- (4-chl oro-3-fl uorophenyl)-6-(6-chl gr%[ayr_i di n- 3-y1) - 3-

i sopropyl - 6-net hyl -5, 6-di hydroi m dazo[ 2,’1-b][1, 3]thiazol- - 82 -
2-yl]carbonyll-4-fluoro-L-prolyl]-4,7- diazaspiro[2.5]octane-6-carboxylic
acid The conpound- (100 ng, 0.12 mmol) obtained in Step 2 above was

di ssol ved ignkd eriteat tsolazavt wfpiacetion trid el with ) t@hdenvatard (1.5 m ),

i odobenzene djacetate (88 ng, 0.26 nmol) and 2, 2, 6, 6-tetranet hyl pi peridine
1- oxyl (20 ty; oy u T Hdanelrld atide v ddrd rasenvisry e xamretasostirred
at roomtenperature for 4 hours.. Agueous sodi umthiosulfate solution (4 m)
was added, o9 SWed IRLEHFRGE driisni 19 EHHy | Rl @. UMFRE of¢fani ¢ | ayer was
washed with saturated, brine u%&d dried over anhydrous sodiumsulfate. The

sol vent was € at ed ulder redikt S PrEss I P tHE st dub bt ned was
ified b i 1.1 nh chl f th | = 40:1 -* 10:1
(v to g ao il Bt R R, At Syl UGS e 1w
400 Mz, DNBQAG: 90Qs Be GrA0- O _dys 9=t d Hz), 0.95
EsH, d, J=7.1 r%ij s 1%-??#%%6(%%7@1%%%%3% , dri%@‘j?%H )s), 1.78

(3H, s), 2.0%h Ai2h1(AdndBhard Shd Ored LhsHAd B dib-h 22 dddy M, 3. 33-
3.41 (1H, m, 3.74 (1H, dd, J=36.4, 11.0 Hz), 3.87-4.04 (2H, m, 4.35-4.48

(1H, m, 4.&0kehust (diHumbi aldbrmt) (dtign B%sdtifattkd dsbbhd. Hz) ,
5.51 (1H, s), 6.74-6.78 (1H, m, 6.93-6.99 (1H, m, 7.18 (1H, d, J=8.3 Hz),
7.35 (1H, tThe)=@darHx) 1ayed6 wakH dmidd I8, arthiitdn)s a@bediikh d, J=2.2
Hz). M5 (ESI) mz: 819 [(Mt1l)]+. --83 - Step 4: '

(6R)-7-] (4|:§ul;|_f_qt[e( mcbggn%_qom_v@ntor@sg,_evaporated under reduced

fl uor ophenyl)-6-(6-chl oropyridi n-3-y1l)-3-isopropyl-6- o

met hyl - 5, 6 RASRANTS i daFo[Z2SEB] Prijaimegslappurified by silica

2ol 4 i hy SrBohiHigE SR o R o0t AR T Se T ATV vas
File: compaing e Brsane vl 12 Lo R8T A% IvRATD Wbl BREGS. 900 5
0.85-0. 90( 2 ik (Q082mki3t BpdT6) 85%)1 . D5 985, 02 (3 1wy, 1.0

(3H, s), 1.98 (2H, brs), 4.19 (28, g, J=7.1 Hz), 7.30 (1H,

d, J=8.3 Hz), 7.85 (1H, dd, J=8.3, 2.4 Hz), 8.56 (1H, d,

J=2.4 Hz).

Step 2: ethyl 2-[(tert-butoxycarbonyl)amino]-2-(6-
chloropyridin—3—yl)propanoate
Triethylamine (1.22 ml, 8.75 mmol) and di-tert-butyl
dicarbonate (1.12 ml, 4.81 mmol) were added to a
tetrahydrofuran (20 ml) solution of the compound (1.00 g,
.4.37.mmol) obtained in Step 1 above and the resulting
- mixture was heétéd.to reflux fér 18 hours. jFurther:di}
.‘tért—butyl dicarbonate (0.51 ml, 2.19 mmol) was added and
the resulting mixture was heated to reflux for 18 hours.

The reaction mixture was concentrated under reduced



m, 1.03(3H, d,J=7.1 Hz), 1.10-1.19(2H, m),2.00 (3H, s), 2.17-2.23 (1H m,

2.26-2.33(1H, n), 2.61-2.68 (1H n), 3.29-3.35 (2H, n), 3.68,-3.74(1H M,

3.77-3.86 (1H, n), 4.02(1H, dd, J=19.8, 13.4 Hz), 5.17-5.31 (2H, m), 5.42

(1H, d, J=53.5 Hz), 5.52-5.56 (1H, n),?§.93 (1H, s), 6.83-6.90 (1H
)

7.11-7.17 (1H, m), 7.27 (1H d, J=8.5

(1H, dd, J=8.4, 2.6 Hz), 8.29 (1H, d, J=2.2 Hz). MS (ESI) mz: 719

[ (ML) ] +.

The conpound obtained in Step 13 of ReferenceExanpl e

m,

7.40 (1H, t, J=7.9 Hz), 7.68

1 and

t he conpoumdesistaienedd it hRef dhen e sExdareplod 28 nest evaeatitledt dch wild sane way
as in Exanple 13 above to give the conpound in the follow ng table.

13]

ethyl acetate, washed with 10% aqueous citric acid
solution and saturated brine, and then dried over
anhydrous magnesium_sulfate. The solvent was evaporated
under reduced pressure and the residue obtained was
purified by silica gel column chromatography [n-
hexane:ethyl acetate = 2:18 (v/v)] to give the title
compound (1.20 g, 84%) as a pale yellow oil.

'H-NMR (400 MHz, CDCls3) o: 1.19 (3H, t, J=7.2 HZ),-1.38
(9H, brs), 1.99 (3H, s); 4.08-4.26 (2H, m), 7.30 (1H, d,
J=8.5 Hz), 7.74 (1H, dd, J=8.5, 2.7 Hz), 8.47 (lH, d,

J=2.7 Hz)

Step 3: tert-butyl [l-(6-chloropyridin-3-yl)-1l-methyl-2-
oxoethyl]lcarbamate

A tetrahydrofuran (106 ml) solution of the compound
(5.70 g, 17.3 mmol) obtained in Step 2 above was added
drquise to a tetrahydrofuran (20 ml) suspenéion of
lithium aluminum hydride (1.43 g, 34.7 mmol) under ice
cooling and the resulting mixture was stirred at the same
temperature for 1 hour. 1 N aqueous sodium hydroxide
solution (6 ml) was added to the.reaction mixture under
ice cooling and the precipitated insoluble matter was

removed by filtration. The filtrate was concentrated

-under reduced pressure and the residue obtained was

[ Tabl e

dissolved in dimethyl sulfdxide {100 ml). Triethylaminé .

(60 ml) and a sulfur trioxide-pyridine complex (5.52 g,

34.7 mmol)'were added at room temperature and the



- 84 - -H NVR(400MHz, DMBO d5, 90C)8: 0.92(3H, d, J=6.1Hz), 0.98-1.03(2H,
m, 1.04(3H, d, J=6.1Hz), 1.16-1.23(2H, m, 2.05(3H s), 2.05-2.10(1H m),
2.13-2.22(1H, n), 2.63-2.72(1H, n), 3.27-3.35(1H, n), 3.64-3.80(4H m,
4.00-4.10(1H, n), 5.25-5.31(2H, m), 5%3@4, d, J=53.2Hz), 6.04(1H, s),
6.87-6.93(1H, m), 7:14-7.21(1H, n), 7.28(1H d, J=8.3Hz), 7.40(1H, t,
J=7.9Hz), 7.69(1H, dd, J=8.5, 2.7Hz), 8.30(1H, d, J=2.2Hz). MB(ESI)m z:
719[ (Mr1)]. Exanple 15 _ .
7-1(4R) - 1- f[e(smtas;l)@ BN 3tes ?tqu%pﬁ%ﬁ)h%lq%- The reaction

chl oropyridi,n 1)-3-iso yl - 6-nmet hyl -5 ,
di hydr oi mi Hﬁi‘&[”zy SIS e a7 A9 car ey by extraction

“f L- lLy1] - t 4, 7-di 2. t
tri acet oxyBorah ]&ﬁyﬁe gl diagaspliol 2 Sl astane s Sl cne (10
m) soluti %%&%f ttté% %%%undrqg,%w)@éle% 3‘2‘3 %QS qﬁtaé({leoq,rﬁp Step 2 of

Exanple 1 an %aqueous pa I on 5.05 mmol ) at

room t enperfiys AR P J B td NG SHX! Lﬁrﬁeﬂvac%étéalr\ﬁ&le‘ Qfagl7 hours.
Sat ur at ed aquéous sodi um bi carbonate sol ution was added, followed by

extracti on evap@ratedidritieat myduaeet atress shthe: ofrganire |I£'é’5ﬁlfdll’@-5 washed wi th
wat er and saturated brine and dried over anhydrous sodium sul fate and the
sol vent washtaricent natseuridered éduedd ipreesslr exo Iiwen reast ahuet it gpined was
purified by silica gel chromatography [chloroformmethanol = 50:1 (v/v)) to
give the ti[tnl-élee@motmdw(lw@at@tee%@ds @ /colloriessi woltile HENVR (400
MHz, d6-DVBO, 100C 8 0.43-0.48 (2H, n), 0.56-0.62 (2H, n), 0.93 (6H, d,
J=7.1 Hz), cPmpp 29)77 2%0:5626 18 laHparﬂ)e ERey 3l s) 2.60-2.67 (2H,

m, 2.73- 2.7 2H, 2H, brgf 54 (2H, brs 3.68-3.78 (1H, m,
3.80-3.95 ?[.TIHNM%) 49001211H@1HCD 1= +&§ ,343 XAH - P J%%a ®) Hz), 5.50

(1H, s), 6..75.(1H,. d, J= 1H, d, J=8.3
Hz) 7.33 133 ]Tl Hhys 'Hz)% ‘6146{[ 08d5 "éz 072!%; I—fz})H éjézs (1H d,

.3 Hz) (ESI) 6 ]+ ound obtained in Step 2
of Exarrpl edgl%or5 thze 7r(?C)Pfrzpduil%c?l %t aljgrfe i'n 9St3e4p @ r%x’arrpl e 3 was reacted in

the sanme way as in Exanple 15 above to give the corrpounds inthe foll ow ng
table. [Table 14] - 86 - 1H NVR(400MHz, d6- DVSO, 100C) 81:

0. 20-0. 25( BdeP 40. 46&-BUthH [ 2-4-Qr8l b -65(didBophenyl) -1- (6-

chloropyridin—3—yl)—2—hydroxy—1—methyletﬁyl]carbamate
A tetrahydrofuran (20 ml) solution of the compound

(6.47 g, 22.7 mmol) obtained in Step 3 above was added
‘dropwise to 4-chloro-3-fluorophenyl magnesium bromide.
(0.5 M<tetrahydrofuran solution) (100 ml, 50.0 mmol)
under ice cooling and .the resulting mixture was stifred
at the same temperature for 1 hour. An agqueous solution
of saturated ammonium éﬁloride was aaded to the reaétion
mixture to terminate the reaction, followed by extraction
with ethyl acetate. The organic layer was dried over
anﬁydfogs magnesium sulfate and then the solvent was
evaporated undef reduced‘pressure; An.n—hexane/ethyl
acetate mixed solvent was added to the residﬁé obtained

and the resulting precipitate was collected by filtration .



0.84-0.90(1H, m, 0.91(3H,d,  J=7.1Hz), 0.94(3H, d, J=7. 1Hz),
1.25-1.28(3H,m, 1. 77(3H,s),  2.08(3H,s), 2. 10-2. 21( 1H, m), _
2.50-2.64(4H, m, 3.18-3.26(1H, Exanple m,3.53-3.60(1H ), 16 2 44%0 \LI
3.68-3.78(1H, m), 3.80-3.95(1H,  m), 4.3§54.40( 1H, m), 4. 98( 1H,
t,J=7.8Hz), 5. 34( 1H, d,

and dried to give the title compound (7.92 g, 84%) as a
white solid.

H-NMR (400 MHz, CDCly) 8: 1.45 (9H, brs), 1.56 (3H, brs),
5.08 (2H, brs), 6.86 (1H, brs), 7.09 (1H, d, J=8.8 Hz),
7.31-7.35 (2H, m), 7.68 (1H, d, J=7.3 Hz), 8.44 (1lH, s).

MS (API) m/z: 415 [(M+1)"].

Step 5: tert-butyl [2—(4—chloro—3—fluorophenyl)—1—(6—
chloropyridin—3—yl)—1—methyl—2—oxoethyl]carbamate

Acetic anhydride (2.3 ml, 24.7 mmol) was addedrto.a
dimethyl sulfoxide (S ml) solution of the compound (1.14
g, 2.75 mmdl) obtained in Step 4 above under ice cooling
and the resulting mixture was gradually returned to room
temperature while being stirred for 18 hours. The
reaction mixture was diluted with ethyl acetate,.washed
with 6% aqueous.sodium perchlorate solution, 10%-aquéous
sodium thiosulfate solution, and"saturated brine, and
then dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure and the residue
obtained was purified by silica gel column chromatography
[n-hexane:ethyl acetate = 4:1 (v/v)] to give the title
compound (1.10 g, 97%) as a pale yellow solid.
4-NMR (400 MHz, CDCls) &: 1.31 (9H, s), 2.03 (3H, s),
6.28 (lH, brs), 7.26-7.37 (3H, m), 7.49 (1H, d, J=9.5 Hz),

7.71 (1H, d, J=6.3 Hz), 8.45 (1H, s).

Step 6: 2-amino-1-(4-chloro-3-fluorophenyl)-2- (6-

chlordpyridin—nyl)propan—l—ohe



J=53Hz), 5. 49(1H,s), 6. 75(1H,  d, J=8.0Hz), 6. 93( 1H, d,
J=9.0Hz), 7. 16( 1H, d, J=8. 3Hz),  7.33(1H,t, J=8.0Hz), 7. 64( 1H,
dd, J=8. 3, 2. 4Hz), 8. 25(111,d,  J=2.4Hz).  MB(ESI)m z: 703[ (M1)] +.

u") z

1 H NVR(400MHz, d6- DMBO, 100C)8:9g -

A dioxane (1 ml) solution of the compound (1.23 g,
2.55 mmol) obtained in Step 5 above was added to-a 4 N
hydrechloric acid/dioxane solution (5 ml) under ice
cooling and the resulting mixture was gradually warmed
ahd stirred at room temperature for 2 hours. The
reaction mixture was diluted with water and washed with
an n-hexane/ethyl acetate mixed solvent and then the
agueous layef was made alkaline by the addition of 15%
agueous sodium hydroxide solution, followed by extraction
with dichloromethane. The organic layer was d;ied over
anhydrous magnesium sulfate, then the solvent was
evaporated under reduced pressure and the reeidue
obtained was purified by siiica gel column chromatography
[n-hexane:ethyl acetate = 1:1 (v/v)] to give the title
compound (0.75 g, 95%) as a pale yellow solid.

MS (API) m/z: 313 [(M+1)7].

Step 7: 2—chlero—5—[4—(4—chloro—3—fluorophenyl)—3—methyl—
1,1-dioxido-2,3-dihydro-1,2,5-thiadiazol-3-yl]lpyridine

A molecular sieve 4A (4.5 g), sulfamide (2.75 g,
28.6 mmol), and 1,8—diazabicyelo[5.4.0]undec—7—ene (1.45

g, 9.52 mmol) were added to a dioxane (60 ml) solution of

r7z

the compound (2.99 g, 9.55 mmol) obtained in Step 6 above-

and the resulting mixture was stirred under heating at
95°C for 18 hours.; Further sulfamide (2.75 g, 28.6 mmol)
was added and the resulting mixture was stirred under
heating for 24 hours. The reaction mixture was

concentrated under reduced pressure and then the residue:

0/



0.30(1H,br),0.45-0.50(1H,n), 0.60-0.64(1H m, 0. 85-0. 90( 1H,
m,0.92(3H,d, J=7. 1Hz), 0.93(3H,d, J=7. 1Hz), 1.25-1.35(3H mM,1.77(3H,s),"'
1.92-2.07(1H, m, 2. 09(3H, s), 2.62-2.68(4H m, 3. 22-3. 34(1H, Exanple
m,3.43-3.51(1H, M, 17 3.67-3.79(1H mq3.86-3.95(1H,
m,4.27-4.35(1H m, 5. 00( 1H,
obtained Was diluted with ethyl acetate, washed wifh 10%
aqueous citric acid solution and saturated brine, and
then dried over anhydrous magnesium sulfate. A
diisopropyl ether/ethyl acetate mixed solvent was added
to the residue obtained and the resulting precipitate was
collected by filtration and dried to give the title
compound (2.86 g, 80%) as a colorless solid.
'H-NMR (400 MHz, CDCl3) &: 2.25 (3H, s), 7.29-7.47 (3H,
m), 7.59 (1H, dd, J=9.5, 2.0 Hz), 7.68 (1lH, dd, J=8.5,

2.9 Hz), 8.53 (1H, d, J=2.9 Hz).

Step 8: 2-chloro-5-[(3R*,48*)-4-(4-chloro-3-
fluorophenyl)-3-methyl-1,1-dioxido-1,2,5-thiadiazolidin-
3-yl]lpyridine |
Sodium borohydride (1.00 g, 26.4 mmol) was gradually.

added to an ethanol (63 ml) solution_of the compound
(7.13 g, 19.1 mmol) obtained in Step 7 above under ice
cooling and the resulting mixture was stirred at the same
temperature for 2 hours. The reaction mixture was
concéntrated under reduced pressure and then the residue
obtained was diluted with_ethylﬁécetate, washed with 1 N
agueous hydrochloric acid solution and saturated brine,
and then dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure.and the
reéidue'obtained was purified by silica gel column
chromatography [n—heXéne:ethyl acétate'=’1:2r(v/v)] to

- give the title compound (4.36 g, 59%) as a pale yellow

solid.



t,J=7.8Hz),5.34(1H d, J=53Hz),5.49(1H s),6.74(1H,  d, J=8.3Hz), 6. 92( 1H, d,
J=9.5Hz), 7. 16( 1H, d, J=8. 3Hz),  7.33(1H, t, J=8.0Hz), 7. 64( 1H

dd, J=8. 3, 2. 5Hz), 8. 25( 1H, d, J=2.5Hz). MS(ESI)m z: 703[ (M+1)] +. - 87 -
The fol |l ow ng conmpounds were synthesi zed according to the descriptions of

t he general production nethods and Exanples 1 to 12. [Table 15] - 88 -

TH-NMR (400 MHz, CDCls) &: 1.85 (3H, s), 3.23-3.32 (4H,
m), 4.92 (1H, d, J=5.6 Hz), 6.74-6.76 (1lH, m), 6.80-6.83
(1H, m), 7.23-7.26 (2H, m), 7.55-7.60 (1H, m), 7.94-7.95

(1H, m).

Step 9: (1R*,2S*)-1-(4-chloro-3-fluorophenyl)-2-(6-
chlorbpyridih—B—yl)propane—l,2—diamine

Ethylenediamine (7.40 ml, 111 mmol) was added to a
dioxane (80 ml) solution of the compound (4.15 g, 11.0
mmol) obtained in Step 8 above and the resulting mixture
was stirred under heating at 100°C for 18 hours. The
reaction mixture was concentrated under reduced pressure
and the residue obtained was diluted with chloroform,
wasﬁed with 1 N aqueous sodium hydroxide solution and
saturated brine, and then dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced
pressure and the residue obtained was purified by silica
gel column chromatography [chloroform:methancl = 93:7
(v/v)] to give the title compound (3.35 g, 97%) as a pale
yellow oil.
'H-NMR (400 MHz, CDCl3) &: 1.54 (3H, s), 1.58 (4H, brs),
4.08 (1H, s), 6.72 (1H, dd, J=8.3, 2.0 Hz), 6.96 (1H, dd,
J=10.3, 2.0 Hz), 7.21 (1H, t, J=7.9 Hz), 7.23 (1H, dd,
J=8.3, 0.7 Hz), 7.59 (1H, dd, J=8.5, 2.7 Hz), 8.36 (lH,
dd, J=2.7, 0.7 Hz).

MS (ESI) m/z: 314 [(M+1)'].



1d1

1H NVR( 400MHz, d6- DVBO, 100C) . 5: 0. 43- 0. 49( 4H, m), 0. 88( 3H
31( 1H,
2H

J=7.1Hz),0.91(3H,d, J=7. 1Hz), 1. 73(3H,s), 2. 01-2. m, - '
2.55-2.66(2H m,2.71-2. 76(2H, Example m,3.31-3.36(2H m, 18 "INz 7' -=N
3.43-3.47(2H, m, 3. 67- 3. 80( 1H, m, 3. 13._93( 1H m, 5. 03(1H, t, J .
=7.8Hz), 5. 32(1H, d, J=53Hz) , 5.39(1H, s),6.89(2H, d,J=8.5Hz),
7.03-7.07(2H, M, 7. 11(2H, d, '
Step 10: (1R, 2S5S)-1-(4-chloro-3-fluorophenyl)-2-(6-
chloropyridin—3—yl)propane—l,2¥diamine
L-(+)-tartaric acid (6.3 g, 42.0 mmol) was added to
an ethanol (200 ml) solution of the compound (12.6 g,
40.0 mmol) obtained in Step 9 above and the resulting
mixture was heated to reflux at 110°C for 30 minutes.
Water (8 ml) was added, the resulting mixture was furthér
heated to reflux for 10 minutes, then returned to room
temperature, and left overnight and then the precipitated
solid was collected by filtration. The solid obfained
was made into an alkaline solution by the addition of 5 N
agqueous sodium hydroxide solution, followed by extraction
with diethyl ether. The organic layer was dried over
potassium carbonafe and then the solvent was evaporated
under reduced pressure to give the title compound. (5.68 g,

45%) as a colorless solid.

"H-NMR (400 MHz, CDCl3) 8: 1.54 (3H, s), 1.56 (4H, brs),
4.08 (1H, s), 6.72 (1H, dd, J=8.3, 2.0 Hz), 6.96 (1H, dd,
J=10.4, 2.1 Hz), 7.20-7.24 (2H, m), 7.59 (1H, dd, J=8.4,
2.6 Hz), 8.36 (1H, dd, J=2.7, 0.7 Hz).

MS (ESI) m/z: 314 [(M+1)7].

(] p=+55.5° (C=1.00, chloroform, 20°C).

Step 11: (45,5R)-5-(4-chloro-3-fluorophenyl)-4-(6-
chloropyridin-3-yl)-4-methylimidazolidine-2-thione _
‘Carbon disulfide (0.58 ml, 9.21 mmol) was'added to

an ethanol (30 ml)_solution;gf_the compound (1593 g, 6.14 ‘

mmol) obtained in Stepllo'abbve'at"room temperature and



J=8.5Hz), 7.22-7.25(2H,m).  MS(ESI)n z: 656[ ( Mr1)] +.

- H NMR( 400MHz, d6- DMBO, 100C) 8: 0. 35-0.39(2H, ), 0. 54-0.59(2H,  m), 0. 86( 3H,
d, J=7.1Hz),0.92(3H,  d,J=7.1Hz), 1.20(3H brd,  J=6.1Hz), 1.73(3H s),
2.05-2.21(1H ), 2. 51- 2. 65(3H, ExanplLeion) ~2.88-2.91(111, m), 3.23(1H, 19
7=-7N br), 3. 45(1H, br), 3. 67-3. 71( 1H,

the resulting mixture was heated to reflux for 20 hours.
After cooling, the reaction mixture was concentrated
under reduCed pressure and the residue obtained was
diluted with ethyl acetate, washed with saturated brine,
and then dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure and the
residue obtained was purified by silica gel column
chromatography [chloroform:méthanol = 40:1 (v/v)] to give
the title compound (1.9%4 g, 89%) as a colorless solid.
'H-NMR (400- MHz, CDCls) &: 1.94 (3H, s), 5.00 (1H, s),
6.67 (1H, d, J=7.8 Hz), 6.68 (1lH, brs), 6.75 (1lH, dd,
J=9.5, 2.0 Hz), 7;10 (1H, brs), 7.15 (1H, d, J=8.3 Hz),
7.21 (1H, t, J=7.8 Hz), 7.31 (lH, dd, J=8.5, 2.7 Hz),
8.01 (1H, d, J=2.2 Hz).

MS (ESI) m/z: 356 [(M+1)7].

étep 12: ethyl (5R,6S)-5-(4-chloro-3-fluorophenyl)-6-(6-
chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[2,1-b] [1,3]thiazole-2-carboxylate
Ethyl 2-chloro-4-methyl-3-oxopentancate (1.36 g,

7.09 mmol) was added to an ethanol (20 ml) solution of
the compound (1.94 g, 5.45 mmol) obtained in Step 11
above at room temperature and the resulting mixture was
heated to reflux for 16 hours. The reaction_mixture was
returned to room temperature and the reaction solvent was
evaporafed uhder reduced pressure;l The residue obtained
~was diluted with ethyl.acetéte and_the organic layer was

Qashéd'with saturated aqueous sodium bicarbonate solution



M, 3.76-3.93(1H n), 4. 31(1H,  br), 4. 96(1H, br), 5. 34(1H, d,
J=53Hz), 5. 38(1H,s), 6.89(2H,d,  J=7.5Hz), 7.04-7.07(2H ),
7.11(2H, d, J=7.5Hz),  7.22-7.25(2H,m).  MS(ESI)mfz:670[ (M-1)]+.  r5cr

i--(z

z le l'e 1H NVR(400M+z, d6- DVBQ 1000)8: 0. 35(1H, br), 0.56(2H, br),

and saturated brine and dried over anhydrous magnesium
sulfate. The éolvent was evaporated under reduced
pressure apd the residue obtained was purified by silica
gel column éhromatography [n-hexane:ethyl acetate = 3:1
(v/v)] to give the title compound (2.06 g, 76%) as a
colorless solid.

'H-NMR (400 MHz, CDCl;) &: 0.90 (3H, d, J=7.3 Hz), 1.04
(3H, d, J=7.1 Hz), 1.34 (3H, t, J=7.2 Hz), 1.83 (3H, s),
4.26 (2H, q, J=7.2 Hz), 5.10 (1H, s), 6.51-6.62 (2H, m),
7.04 (1H, d, J=8.3 Hz), 7.16 (1lH, t, J=7.7 Hz), 7.51-7.55

(14, m), 8.20-8.22 (1lH, m).

. MS (ESI) m/z: 494 [ (M+1)*].

Step 13: (5R,6S5)-5-(4-chloro-3-fluorophenyl)-6-(6-
chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[2,1-b] [1,3]thiazole-2~-carboxylic acid

1 N aqueous sodium hydroxide solution (6.ml) was
added to an ethanol (30 ml) solution of the compound
(2.06 g, 4.17 mmol) obtained in Step 12 above and the
resulting mixture.was stirred under heating at éO°C for
16 hours. After cooling, the solvent was concentrated
under reduced pressure -and the residue obtained was

diluted with water and then washed with diethyl ether.

The aqueous layer was made into an acidic solution by the

gradual addition of 1' N .aqueous. hydrochloric acid
solution under ice cooling, followed by extraction with
ethyl”acetatel_ The organic layer was washéd with

saturated brine and then dried over anhydrous magnesium °

(0]



0.86(1H br),0.88(3H d,  J=7.1Hz), 0.90(3H, d, J=7. 1Hz),

1.25(3H, brs), 1. 73(3H,s),  2.01(1H, br), 2.57-2.69(3H m, Exanple
2.87-2.92(1H m, 3.35(2H, br), 20 3.66-3.78(1H n), 3. 85-3. 93( 1H,
m,4.52(1H br), 5. 00(1H t,  J=8. 1Hz) 5.82(<H, d, J=53Hz),
5.38(1H,s), 6.88(2H, d,J=8.6Hz),  7.03-7.07(2H,m), 7.10(2H, d,

~ sulfate. The solvent Was evaporated under reduced
pressure, a diethyl ether/n-hexane mixed solvent was
added to the residue and the resulting precipitate was-
collected by filtration and dried to give the title
compound (1.51 g, 87%) as a pale yellow solid.
'H-NMR (400 MHz, DMSO-d¢) &: 0.79 (3H, d, J=7.1.Hz), 0.98
(3H, 4, J=7.1 Hz), 1.73 (3H, s), 3.32-3.40 (1H, m), 5.71
(14, s), 6.38-6.48 (1H, m), 7.23 (1H, d, J=8.3 Hz), 7.34-
7.46 (2H, m),.7.66 (14, dd, J=8.3, 2.4 Hz), 8.25 (1lH, d,
J=2.4 Hz).
MS (ESI) m/z: .466 [(M+1)7].

[@]p=+120.5° (C=1.00, methanol, 25°C).

Reference Example 2

HO Step 1 uﬂ Step 2 ls)
T g, e
\OL? ) ~0™0 ?\Q © H

Step 3 @\‘ Step 4 ) Step 5 E HCI-
R o U S

0”°CF,

Step 1: ethyl N—benzyl—N—[(l—{[(benzyloxy)carbonyl]amino}
cyclopropyl)carbonyl]lglycinate

1-(3-dimethylaminopropyl) -3-ethylcarbodiimide
'nydrochloride (21.0 g, 110 mmol) and 1- |
hydroxybenzotriazole (2.70 g, 20'mmol)_were added to a

"dichloromethane (235 ml) solution of 1—'



J =8.6Hz),7.22-7.25(2H, m . MS(ESI)m z: 670[ (Mt1)]. - 89 - [Table 16]
H NVR(400MHz, d6- DMSO, 100C) o: 0. 33-0. 38(2H, m, 0. 52- 0. 58( 2H,
m,0.80-0.83(3H m,0.86(3H,d, J=7.1Hz),0.92(3H,d, J=7. 1Hz),
1.66-1.70(2H, m, 1. 73(3H, s), 2.10-2.%4&&%{9,2.43-2.65(3H, Exanpl e
m,2.73-2.78(1H, m,3.65(2H, 21 1)7 z, t-- - br),3.70-3.80(1H m,
3.82-3.94(1H, m, 4. 05(1H, br);
{[ (benzyloxy)carbonyl]amino}cyclopropanecarboxylic acid
(23.5 g, 100 mmol) and ethyl N-benzylglycinate (19.3 g,
100 mmol) under ice cooling and the resulting mixture was
stirred at room temperature for 24 hours. The solvent
was concentrated under reduced pressure and then the
residue was diluted with ethyl acetate, washed with 1 N
aqueous hydrochloric acid solution, saturated aqueous
sodium bicarbonate solution, and saturated brine, and
then dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressufe and the residue
obtained was purified by silica gel column chromatography
[n-hexane:ethyl acetate = 2:1 (v/v)] to give the title
compound (35.7 g, 87%) as a colorless solid.
'y _NMR (400 MHz, CDCls) &: 1:13 (2H, br), 1.22 (3H, t,
J=7.4 Hz), 1.25 (2H, br), 1.66 (2H, s), 3.91 (1lH, br),
4.12 (2H; q, J=7.4 Hz), 4.91 (2H, brs), 5.36 (2H, brs),

7.19-7.31 (10H, m).

SteplZ: T-benzyl-4,7-diazaspiro[2.5]octane~-5,8-dione

5% palladium carbon (3.6 g) was added to an ethanol
(700 ml) solution of the compound (35.5 g, 86.5 mmol)
obtained in Step 1 above and the resulting mixture was
subjected to catalytic reduction for 2 hours in a
hydrogen atmosphere. The catalyst was removed by
filtration through celite, then the filtrate was
coﬁcentrated under reduced pressure and the residue

obtained was purified by silica gel column chromatography



4.98(1H, br), 5. 36( 1H, d, J=53Hz), 5. 38(1H, s), 6. 90( 2H, d,

J=8.3Hz),7.04-7.07(2H, m),  7.11(2H d, J=8. 3Hz), 7.22-7.25(2H M.
MB(ESI ) mf z: 684[ (MF1)] +. 1 H NVR( 400MHz, d6- DMSO, 100C) 43:
0.32-0.36(1H m, 0. 50- 0. 57( 3H, _ 106 -

[ethyl acetate:n-hexane = 1:1 (v/v)] to give the title
compound (20 g, 100%) as a colorless solid.

'H-NMR (400 MHz, CDCli) &: 0.93-1.00 (2H, m), 1.55—1.59
(2H, m), 3.91 (2, s), 4.60 (2H, s), 7.25-7.37 (5H, m),
7.86 (1H, brs).

MS (ESI) m/z: 231 [(M+H)'].

Step 3: 7-benzyl-4,7-diazaspiro[2.5]octane
A borane-tetrahydrofuran complex (0.93 M
tetrahydrofuran solution) (375 ml, 0.35 mol) ‘was added to
a tetrahydrofuran (200 ml) solution of the compound (20 g,
86.8 mmol) obtained in Step 2 above under ice cooling and
then the resulting mixture was heated to reflux for 19
hours. Methanol (130 ml) was added to the reaction
mixture under ice cooling, the resulting mixture was
stirred for 60 minutes and then the solvent was
concentrated under reduced pressure. Ethanol (450 ml),
water (150 ml), and triethylamine (150 ml) were added to
the residue obtained, the resulting mixture was heated to
reflux for 2 hours and then the solvent was concentrated
"~ under reduced pressure. The residue obtained was diluted
‘with ethyl_acetaté, washed with saturated aqueous sodium
bicarbonate solution and saturated b;ine, and then dried
over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure and the residue
obtainéd was purified by silica gel column chromatography
[chloroform:methanol = 10:1 (v/v)] to give the title

compound (10.4 g, 59%) as a colorless oil.



), 0.83-0.86(3H,m,0.88(3H,d, J=7.1Hz), 0. 91(3H, d, J=7. 1Hz),

1.62-1.68(2H m, 1. 73(3H, s), 2.09-2.22(1H ), 2. 59- 2. 64(2H, Exanpl e
m, 2. 81- 2. 85(2H, m), 3. 10( 1H, br), 3.50(1H, br)3.66-3.78(1H, , 22
- 107 -

'"H-NMR (400 MHz, CDCljz) &:.0.41-0.44 (2H, m), 0.57-0.60
(2H, m), 1.49 (1H, br), 2.22 (2H, s), 2.45 (2H, brs),

2.97 (2H, t, J=4.9 Hz), 3.50 (2H, s), 7.22-7.32 (5H, m).

Step 4: 7—benéyl—4—(trifluOroacetyl)—4,7—'
diazaspiro[2.5]octane

Trifluorocacetic anhydride (8.50 ml, 61.1 mmol) was
added dropwise to a dichloromethane (200 ml) solution of
the compound (10.3 g, 50.9 mmol) obtained in Step 3 above
and triethylamine (17 ml, 122 mmol) under ice cooling and
the resulting mixture was stirred at the same temperature
for 1 hour. Saturated aqueous sodium bicarbonate
solution was added to the reaction mixture and the
resulting mixture was diluted with chloroform, then
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure to give the title compound (15.5 g, 100%) as a
colorless oil.

MS (ESI) m/z: 299 [(M+H)'].

Step 5: 4-(trifluorocacetyl)-4,7-diazaspiro[2.5]octane
hydroChloride

1N hydrochloric acid/ethanol (105 ml, 105 mmol) and
5% palladium carbon (3 g) were added to an ethanol (250
ml) solution of the compound (15.5 g, 51 mmol) obtained
in Step 4 above and the resulting mixture was subjected
to catalytic reduction for 15 hours in a hydrogen

atmosphere. The catalyst was removed by filtration



m, 3.85-3.93(1H ), 4. 21( 1H, br),5.02(1H,t, J=8. OHz),

5.36(1H, d, J=53Hz) , 5. 38( 1H, s), 6. 89( 2H, d, J=8. 3Hz)
7.03-7.07(2H,m), 7. 10( 2H, d, J=8.3Hz), 7.22-7.25(2H, m) .

MS(ESI)m z: 684 (MF1)]. r5cmo - 108 -

through celite and then the filtrate was concentrated
under reduced pressure. 'An ethanol/diethyl ether mixed
solvent was added to the residue obtained and the
deposited solid was collectea by filtration to give the
title compound (10.3 g, 83%) as a colorless solid.

'"H-NMR (400 MHz, DMSO-ds, 80°C) &: 1.18 (4H, s), 3.16 (2H,
s), 3.25 (2H, t, J=5.1 Hz), 3.89 (2H, brs), 9.71 (2H, br).

MS (ESI) m/z: 209 [ (M+H)*].

Reference Example 3

o F
£ s
Step 1 o - Step2
:?j o+,
-N

OH

Step 1: tert-butyl (2S,4R)-4-fluoro-2-{[4-
(trifluorocacetyl)-4,7-diazaspiro[2.5]oct-7-
yllcarbonyl}pyrrolidine-l-carboxylate
l-hydroxybenzotriazole (46 mg, 0.34 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(502 mg, 2.61 mmol) were added to a dimethylformamide (8
ml) solution of (4R)-1-(tert-butoxycarbonyl)-4-fluoro-L-
proline (400 mg, 1.71 mmol) and the resulting mixture was
stirred at room temperature for 15 minutes. Subsequently,
the compound (460.mg, 2.05 mmol) obtained in‘Step 5 of
Reference Example .2 and diisopropylethylamine (0.45 ml,
-2.57 mmol) were added and the resulting mixture was |

stirred at room temperdtire for 16 hours. The reaction



/ co Az z 1H NVR(400MHz, d6- DMSO, 100C) 8: 0.44-0.48(4H m, 0.91(3H, d,

J=7.1Hz),0.93(3H,d, J=7. 1Hz), 1.74(3H,s),2.02-2.34(1H m,

. 2.53-2.66(2H,m, 2. 72-2. 76( 2H, m,3.32-3.37(21-1,m, Exanple

3.42-3.48(21-1,m, 3.67-3.80(1H, 23 jﬁ1@98§-3.93(1Hrﬁ,5.03(1Ht,

J=7.8Hz), 5. 33(1H, d, J=53Hz), : :
mixture was diluted with ethyl acetate and the organic
layer was washed with saturated agueous sodium
bicarbonate solution and saturated brine and then dried
over anhydrous sodium sulfate. The solvent was |
evaporated under reduced préssure and the residue
obtained was purified by silica gel column chromatography
[n-hexane:ethyl acetate = l:l-(v/v)] to give the title
compound (SéO mg, 77%) as a colorless solid.
'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.98-1.10 (4H, m), 1.37
(9H, s), 1.95-2.09 (1H, m), 2.49—2.54 (1H, m), 3.41-3.54 -
(3H, m), 3.60-3.75 (5H, m), 4.73-4.80 (1H, m), 5.26 (1H,
d, J=53.7 Hz).

MS (ESI) m/z: 424 [(M+H)'].

Step 2: 7—[(4R)—4—fluoro;L—prolyl]—4—(trifluoroacetyl)—
4,7-diazaspiro[2.5]octane

Trifluorocacetic acid (10 ml) was added to a
dichloromethane (10 ml) solutian of the compound (560 mg,
1.32 mmol) obtained in Step 1 above and the resulting
mixture was stirred at room temperature for 1 hour. The
reaction solvent was concentrated under reduced pressure
and then saturated agueous sodium bicarbonate solution
(30 ml) was added, followed by extraction with chloroform
three times. 'The'organic layer was washed with saturated
brine and dried over anhydrous sodium sulfate. The.. -
solvent was evaporated under reduced pressure to give the

title compound (380 mg, 89%) as a pale yellow solid.



'5.43(1H,s),6.71(1H d,  J=8.0Hz), 6. 88(

1H, d, J=10. OHz) ,

[ Tabl e

7.07-7.10(2H m, 7. 24-7. 29( 3H, m . MS(ESI)m z: 674 (M+1)]. - 90 -

17] 1H NVR( 400MHz, d6- DMBSO, 100C) 0: 0. 33-0. 38(2H, m), 0. 54- 0. 58( 2H,

m, 0.89(3H,d, J=6. 8Hz), 0.93(3H,d, J=6. 8§Hz) ,-1. 19( 3H

brd, J=6.5Hz), 1. 73(3H, s),
'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.98-1.11 (4H, m),
2.00-2.07 (1H, m), 2.10-2.16 (1H, m), 2.68-2.77 (1H, m),
3.04-3.14 (1H, m), 3.51 (2H, s), 3.63-3.78 (4H, m), 4.05-
4.13 (1H, m), 5.23 (1H, d, J=53.5 Hz). |
'MS (ESI) m/z: 324 [(M+H)7].

Reference Example 4

—

Step 1: methyl N-benzyl-N-[ (

{{ (benzyloxy)carbonyl]amino}

alaninate

N,N'-dicyclohexylcarbodiimide

added to a dichloromethane (

benzyl-L-alaninate (5.20 g,

Step 5

—_———

m'g HC)

1-

+'Ho%2ui st l"fﬁi?r) Step 2 gi]

Step 4 0\
mererm—— . 2y
- z¥7 2
[§l7 0”~CF,
| d*aa

cyclopropyl)carbonyl]-L-

(6.0 g,
150 ml)

26.9 mmol) and 1-

29.0 mmol)

was

solution of methyl N~

{[ (benzyloxy)carbonyl}amino}cyclopropanecarboxylic acid

_(6.30 g, 2677 mmol)

mixture was stirred overnigh

t at room temperature.

under ice cooling and the resulting

The

reaction mixture was concentrated under reduced pressure

_and_then diluted‘with-ethyl

acetate,

insoluble matter was

~ removed by filtration and then the filtrate was washed

with 1 N'aqueous hydrochloric acid solution and saturated

brine and dried over anhydro

us sodium sulfate.

The



2.07-2.19(1H, m), 2.54-2. 64(3H, E xanple n),2.87-2.91(1H ), 3.19(1H, 2

"41(' br),3.44(1H br),3.67-3.70C1H, " m,3.76-3.93(1H m, 4. 31(1H,
br), 4. 95(1H, br), 5. 35( 1H, d, J=53. 6Hz) , 5. 44( 1H, s) , 6. 71( 1H
d, J=7. 8Hz) , 6. 88( 1H, d, J=9. 1Hz) , 7..07; 7, 10(2H, ),

solvent was evaporated under reduced pressure and the
obtained residue was purified by silica gel column
chromatography [n-hexane:ethyl acetate = 1:3 (v/v)] to
give the title compound (7.80 g, 71%) as a colorless oil.
'"H-NMR (400 MHz, CDCls, 70°C) &: 1.03-1.11 (2H, m), 1.37
(3H, d, J=7.1 Hz), 1.43-1.47 (2H, m), 3.72 (3H, s), 4.48
(1H, brs), 4.61 (1H, d, J=16.6 Hz), 4.91 (1H, d, J=16.6

Hz), 4.99 (2H, s), 5.20 (1lH, brs), 7.20-7.34 (10H, m).

Step.2: (6S)-7-benzyl-6-methyl-4,7-diazaspiro[2.5]octane-
5,8-dione

The compound obtained in Step 1 above was reacted in
the same way as in Step 2 of Reference Example 2 to give
the title compound as a colorless oil.
'"H-NMR (400 MHz, CDCl;) &: 0.98-1.07 (2H, mi, 1.36 (1H,
m), 1.47 (3H, d, J=7.1 Hz), 1.85 (1H, m), 3.91 (1lH, g,
J=7.1 Hz), 4.06 (1H, d, J=14.9 Hz), 5.21 (1H, d, J=14.9

Hz), 7.26-7.37 (5H, m).

Step 3: (6S)—7?benzyl—6—methyl—4,7—diazaspiro[2.5]octane
The compound obtained in Step 2 above was reacted in

the same way as in Step 3 of Reference Example 2 to give

the title compound as a colorless solid.

'H-NMR (400 MHz, CDCl;) &: 0.30-0.34 (1H, m), 0.36-0.40

(1H, m), 0.48-0.53 (1H, m),'O.55¥O.61 (1H, m), 1.16 (3H,

d, J=6.3 Hz), 2.12 (1H, d, J=11.7 Hz), 2.26-2.33 (2H, m),

2.74 (1H, dd, J=13.2, 9.3 Hz), 2.90 (1H, dd, J=13.2, 3.4



7.25-7.30(3H, n).  MB(ESI)niz:688[ (Mr1)].  1H NVR(400MHz, d6- DVBO, 100C) 6:

0.35(1H, br), 0. 55( 2H, br), 0.88(1H, br), 0. 91(3H, d, |
J=6.9Hz), 0. 92( 3H, d, J=6. 9Hz) , 1.20(3H, brs), 1. 73(3H, s) ,
- 112 -

Hz), 3.15 (1H, d, J=13.4 Hz), 4.07.  (1H, d, J=13.4 Hz),

17.20-7.34 (6H, m).

Step 4: (6S)-7-benzyl-6-methyl-4-(trifluorocacetyl)-4,7-
diazaspirof2.5]octane

The coméound obtained in Step 3 above was reacted in
the same way as in Step 4 of Reference Example 2 to give
the title compound as a colorless oil.
'H-NMR (400 MHz, CDCl3) &: 0.68 (1H, m), 0.79 (1H, m),
0.93 (1H, m), 1.21 (3H, d, J=6.1 Hz), 1.33 (1H, m), 2.17
(14, d, J=12.0 Hz), 2.49 (1H, d, J=12.0 Hz), 2.59 (1lH, m),
3.1l (1H, d, J=13.4 Hz), 3.33 (1H, dd, J=13.4, 9.3 Hz),
3.77 (1H, d, J=13.4 Hz), 4.04 (1H, d, J=13.4 Hz), 7.23-

7.34 (5H, m).

Step 5: (6S)-6-methyl-4-(trifluoroacetyl)-4,7-
diazaspiro[Z.S]octane'hydrochloride

The compound obtained in Step 4 above was reacted in
the same way.as in Step 5'of Referénce Example 2 to give
the title compound as a colorless solid.
"H-NMR (400 MHz, DMSO-de¢) &: 0.95 (1H, brs), 1.12 (1H,
brs), 1.27 (1H, m), 1.33 (3H, d, J=6.3 Hz), 1.41 (1H,
brs), 2.90 (1H, m), 3.38-3.5% (3H, m), 4.03 (1lH, brs).

MS (ESI) m/z: 223 [(M+H)"].

Reference Example 5



1.98(1H, br), 2.59-2.68(3H,m, E 25 anple x C 2.87-2.91(1H ), 3. 41(2H, br),

3.68-3. 78(1H, ), 3. 85- 3. 93( 1H, m, 4. 50(1H, br), 5. 00( 1H, t
J=8. 2Hz)', 5. 33( 1H, d, J=53Hz) , 5.38(1H, s), 6. 71( 1H, d,

J=8.2Hz), 6. 88( 1H, d, J=10. OHz) , 7.084%311(2H, M), 7. 24- 7. 29( 3H, m.

Step 1: tert—butyl (25,4R)-4-fluoro-2-{ [ (63S)-6-methyl-4-
(trifludroacetyl)—4,7—diazaspiro[2.5]oct—7—
yllcarbonyl}pyrrolidine-l-carboxylate

The compound obtained in Step 5 of Reference Example
4 instead of the compound obtained in Step 5 of Reference
Example 2 was reacted in the same way as in Step 1 of
Reference Example 3 to give the title compound as a pale
yellow oil.
'H-NMR (400 MHz, DMSO-ds, 100°C) &: 0.69-0.71 (2H, m),
1.11 (3H, d, J=6.6 Hz), 1.28-1.32 (2H, m), 1.37 (94, s),
1.49 (1H, m), 2.05 (1H, m), 3.49-3.68 (5H, m), 3.88 (1H,
brs), 4.67-4.75 (2H, m), 5.27 (1H, d, J=54.0 Hz). |

MS (ESI) m/z: 460 [ (M+Na)~*].

Step 2: (65)-7-[(4R)-4-fluoro-L-prolyl]-6-methyl—4-
(trifluorocacetyl)-4,7-diazaspiro[2.5]octane

_ The compound obtained in Step 1 above was reacted in
the same way as in Step_2 of Reference Example 3 to give
the title compound as a pale yellow oil.
'H-NMR (400 MHz, DMSO-ds, 100°C) &: 0.68-0.77 (2H, m),
-1.12 (3H, d, J%6.6 Hz}, 1.28 (lH,'dd, J=17.0, 7.1 Hz),
1.49 (1H, dd, J=17.0, 7.1 Hz), 2.01-2.24 (2H, m), 2.65-

2.68 (1H, m), 3.00-3.14 (1H, m), 3.42-3.61 (3H, m), 3.90



MS(ESI)m z:688[ (M+1)]'. LL. r7zi r),"5-2") o/ J, zz \Z
1H NVR(400MHz, d6- DMSO, 100C) . 3: 0.44-0.48(4H, m, 0. 90(3H, d,
J=7.1Hz),0.91(3H,d,J=7.1Hz),  1.76(3H,s),2.01-2.36(1H m,
2.53-2.66(2H, m, 2. 72-2. 76( 2H, nm,3.38,3.37(2H m, Exanple

. (1H, brs), 4.08 (1H, t, J=7.6 Hz), 4.66-4.69 (1H, m),

5.25 (1H, dt, J=55.6, 4.5 Hz).

Reference Example 6

TR e B
POTRLANE %Zfﬁi@*’o

Step 3 q Step 4 : 3 Step 5 HCI

T,

: A
o™ cF

oer, :

Step 1: methyl N—benzyl—NJ[(l—
{[(benzyloxy)carbonyl]amino}cyclopropyl)carbonyl]—D—
alaninate

Methyl N-benzyl-D-alaninate instead of methyl N-
benzyl—L—élaninate was reacted in the same way as in Step
1 of Reference Example 4 to give the title compound as a
cblorless oil;
'"H-NMR (400 MHz, CDCl3) &: 1.07 (2H, brs), 1.36 (3H, d,
J=7.1 Hz), 1.43 (2H, brs), 3.61 (3H, s), 4.48-4.52 (1H,
m), 4.1 (1H, d, J=17.4 Hz), 4.87 (1H, d, J=l7!4 Hz),
4.98 (ZH, s), 5.12 (1H, brs), 7.20-7.32 (10H, m).

MS (ESI) m/z: 411 [(M+H)'].

Step 2: (6R)—7—benzyl—6—methyl—4,7—diazaspiro[2.5]octane—

5,8-dione



3.44-3.48(2H, m,3.67-3.79(1H, 26 nm),3.86-3.94(1H, m,5.04(1Ht,
J=7.8Hz), 5. 33(1H, d, J=53Hz), 5.46(1H,s), 6.92(2H,d,
J=8.3Hz),7.11-7.18(3H, M, . 7.62(1H dd, J 8 3, 2 4Hz) , 8.23(1H,d, J=2. 4Hz) .
MS(ESI)ml z: 657[ (M+¥1)]+. - 91 - [Tahle

H- NMR( 400MHz, d6- DMSO, 1000C) 5: 0.36 0. gg(ZH nm, 0 54- 0. 58( 2H, n)

The compound obtained in Step 1 above was reacted in
the same way as in Step 2 of Reference Example 2 to give
the title compound as a colorless oil.

'H-NMR (400 MHz, CDCls) &: 0.97-1.03 (2H, m), 1.34-1.41
(2H, m), 1.47 (3H, d, J=7.1 Hz), 1.81-1.88 (1H, m), 4.06
(1H, d, J=14.9 Hz), 5.19 (1H, d, J=14.9 Hz), 6.74 (1H,

brs), 7.25-7.37 (5H, m).

Step 3: (6R)-7-benzyl-6-methyl-4,7-diazaspiro[2.5]octane
The compound obtained in Step 2 above was reacted in
the same way as in Step 3 of Reference Example 2 to give
the title compound as a colorless solid.
'"H-NMR (400 MHz, CDClj3) &: 0.30-0.40 (2H, m), 0.48-0.61
(2H, m), 1.16 (3H, d, J=6.3 Hz), 1.58 (1H, brs), 2.12 (1H,
d, J=11.5 Hz), 2.25-2.33 (2H, m), 2.73 (1H, dd, J=13.1,
9.3 Hz), 2.90 (1H, dd, J=13.1, 3.0 Hz), 3.15 (1H, d,

J=13.4 Hz), 4.08 (1H, d, J=13.4 Hz), 7.20-7.33 (5H, m).

Step 4£ (6R)-7-benzyl-6-methyl-4-(trifluorocacetyl)-4,7-
diazaspiro{2.5]octane
The compound obtained in Step 3 above was reacted in

. the same way as in Step 4 of Reference Example 2 to give

the title compound as a colorless.oil.

'H-NMR (400 MHz, CDCl;) 8: 0.64-0.92 (3H, m), 1.20 (3H, d,

J=6.1 Hz), 1.30-1.36 (1H, m), 2.16 (1H, d, J=12.0 Hz),

2.48 (1H, d, J=12.0 Hz), 2.58 (1H, brs), 3.15 (1H, d,

J=13.4 Hz), 3.31 (1H, dd, J=13.4, 9.5 Hz), 3.76 (1H, d,

J=13.4 Hz), 4.02-(1H, d, J=13.4 Hz), 7.23-7.33 (5H, m).



0.89(3H,d,J=7.1Hz), 0. 92(3H,d, J=7.1Hz), 1. 20(3H, brd, J=5. 8Hz),
1.76(3H,s),2.05-2.21(1H m, 2.50-2.65(3H,n,2.88-2.91(1H, m,
3.24(1H,br), 3. 44(1H,br), Exanple )..1 In -t, 1 .

3.67-3.71(1H m-,3.76-3.94(1H, n), 27114.31(1H br), 4.97(1H br), 5. 34(1H,
d, J=53Hz), 5. 45(1H,s), 6. 92( 2H, d, J=8.3Hz),7.11-7.17(3H, nm, 7.62(1H,
dd, J=8. 3, 2.7Hz), 8.22(1H, d, J=2. 7THz) .

Step 5: (6R)-6-methyl-4-(trifluorocacetyl)-4,7-
diazaspiro[2.5]octane hydrochloride

The compound obtained in Step 4 above was reacted in
the same way as in Step 5 of Reference Example 2 to give
the title compound as a colorless solid. .
'H-NMR (400 MHz, DMSO;dG, 70°C) &: 0.93 (1H, brs), 1.17
(1H, brs), 1.24-1.30 (1H, m), 1.34 (3H, d, J=6.3 Hz),
1.40 (1lH, brs), 2!89.(1H, d, J=12.0 Hz), 3.14 (1H, bré),
3.40-3.46 (2H, m), 4.04 (1lH, brs), 9.84 (2H, brs).

MS (ESI) m/z: 223 [ (M+H)*].

Reference Example 7

O JF 1 5) 2 F'j]
%‘ »_? Step . Step o
O

N
oH b‘CF y-CF,

Step_l: tert-butyl (25,4R)—4—fluoro—2—{[(6R)—6—methyl—4—
(frifluoroacetyl)—4,7—diazaspiro[2.5]oct—7—
yllcarbonyl}pyrrolidine-l-carboxylate

The compound cobtained in Step 5 of Reference Example
6 instead of the compound obtained in Step 5 of Reference
Example 2 was reacted in the same way as in Step 1 of
Reference Example 3 to give the title compound as a
colorless solid. |
'H-NMR (400 MHz, DMSO-de, 100°C) &: 0.68-0.71 (2H, m),
1.09 (3H, brs), 1.28-1.31 (2H, m), 1.36 (9H, s), 1.47 (1H,



MS(ESI )i z: 671[ (MF1)]. 1 H NVR(400MHz, d6- DVSO, 100C) 5:
0.36(1H, br), 0.56(2H br),0.85  (1H br),0.90(6H, d, J =7. 1Hz),
1.25(3H, brs), 1. 76(3H,s), 2. 17  (1H, br), 2. 60- 2. 69(3H, m,

2.88-2.92(1H,n) 3.39(2H br), Exanple 13766-3. 78(1H ), 3. 86-3. 94(1H, 28,
"1CO0z\ m,4.45(1H br), 5. 00(1H,t,

m), 1.95 (1H, brs), 3.46-3.68 (5H, m), 3.91 (1H, brs),

4.69-4.71 (2H, m), 5.23 (1H, d, J=54.6 Hz).

Step 2: (6R)-7-[(4R)-4-fluoro-L-prolyl]-6-methyl-4-
_(trifluoroacetyl)—4,7—diazaspiro[2.S]bctane
The compound obtained in Step 1 above was reacted in

the same way as in Step 2 of Reference Example-3 to give
the title compdund as a pale yellow oil.

'H-NMR (400 MHz, DMSO-ds, 100°C) &: 0.67-0.73 (1H, m),

0.86 (1H, brs), 1.12 (3H, d, J=5.9 Hz), 1.28 (1H, dt,
J=12.4, 5.0 Hz), 1.49 (1H, dt, J=12.4, 5.2 Hz), 1.94-2.22
(2H, m), 2.65-2.68 (1H, m), 3.13 (1H, ddd, J=32.5, 13.0,
4.2 Hz), 3.43;3.61 (3H, m), 3.92 (1H, brs), 4.04-4.06 (1H,

m), 4.65 (1lH, brs), 5.24 (1H, dt, J=55.6, 4.6 Hz).

Reference Example 8

/’ NH . ]ﬂﬁﬂ Step1 . M Step 2 /,,
Ty .k

- ?
Step 3 . i Y Step 4 /" n HCt
—_— —_— [NIV
PN
. O™ "CF.
o™ cF, :

Step 1: methyl (2S)-2-{benzyl[(1-
{[ (benzyloxy)carbonyl]lamino}cyclopropyl)carbonyl]amino}bu

tanoate



5.45(1H,s), 6. 91( 2H, d, J=8. 4
dd, J=8. 4, 2. 7THz) , 8. 23( 1H, d

u frzx rzl1Hz,.9 / u) J. z

33(1H, d, J=54Hz)
17(3H, m, 7. 61( 1H,
671[ (M-1)] +.

MHz, d6- DVBO, 100C) 6:

- 118 -

;o J=2.THz) .

_\

Methyl (2S)-2-(benzylamino)butanocate instead of

iz

methyl N-benzyl-L-alaninate was reacted in the same way

as in Step 1 of Reference Example 4 to give the title

compound as a colorless solid.

'H-NMR (400 MHz,

0.83-0.89 (1H,

1.30-1.37 (1H,

2.87-2.92 (1H,

(1H, d, J=15.9
(10H, m), 7.76

MS (ESI) m/z:

m), 1.00-1.06 (1H,

m), 1.58-1.68 (1H,

m), 3.48

Hz), 5.00

DMSO-dg,

90°C) &:

(3H, s),

(2H, q,

(1H, brs).

425 [ (M+H)

+].

0.70 (3H,

m), 1.09-1.16

m), 1.83-1.92

t, J=7.4 H

4.50-4.56 (1H, m), 4.

J=12.1 Hz),

7.17-7.33

z),
(1H, m),

(1H, m),

64

Step 2: (6S)-7-benzyl-6-ethyl-4,7-diazaspiro[2.5]octane-

5,8-dione

The compound obtained in Step 1 above was reacted in

the same way as in Step 2 of Reference Example 2 to give

the title compound as a colorless solid.

'H-NMR (400 MHz, CDCls) 8&:

J=7.4 Hz), 1.35-1.40 (1H,

1.97 (2H, m),

Hz), 5.35 (1H, d, J=14.9 Hz),

brs).

MS (ESI) m/z:

3.90 (1H,

259 [ (M+H)

£,

m), 1.79-1.86

+]'

Step 3: (6S)—7—benzyl—6—ethyl—4—

diazaspiro[2.5]octane

7.25-7.36

0.93-0.98 (2H, m),

0.99 (3H,
(I1H, m), 1.91-

(5H, m), 7.39

(trifluorocacetyl)-4,7-

J=5.4 Hz), 3.94 (1H, d, J=14.9

E. 35

-t,

(1H,

The compound obtained in Step 2 above was reacted in

the same way as in Step 3 of Reference Example 2 and then



0.34-0.38(2H,m, 0.52-0.57(2H, m),  0.81-0.83(3H, ), 0. 88(3H, d,

J=7.1Hz), 0. 91(3H, d, J=7. 1Hz),  1.68-1.72(2H,m, 1. 76(3H, s),
2.12-2.27(1H, m), 2.50-2.65(3H, n), Exanple 2.73-2.76(1H ), 3.69(2H br), 29
3.70-3.80(1H,m,3.82-3.95(1H, n), 4.12(1H br), 4.97(1H, br),5.36(1H,

d, J=54Hz) , 5. 45(1H,s), 6. 92(2H,d,  J=8.3Hz), 7. 11-7. 18(3H, m),

the compound obtained was reacted in the same way as in
-Step 4 of Reference Example 2 to give the title compound
as a colorless oil.
iH;NMR (400 MHz, DMSO-dg, 90°C) &: 0.65-0.70 (1H, m),
0.85-0.90 (2H, m), 0.91 (3H, t, J=7.4 Hz), 1.18-1.23 (14,
m), 1.46-1.53 (1H, m), 1.66-1.75 (1H, m), 2.31-2.36 (1H,
m), 2.38-2.45 (2H, m), 3.32 (lH, d,.J=13.9.Hz);'3.40—3.47
(1H,.m), 3.84 (1H, d, J=11.7 Hz), 3.97 (iH, d, J=13.9 Hz),
7.18-7.23 (1H,_m), 7.27-7.31 (4H, m).

MS (ESI) m/z: 327 [(M+H)*].

Step 4: (6S)-6-ethyl-4-(trifluorcacetyl)-4,7-
diazaspiro(2.5]octane hydrochloride

-The compound obtained in Step 3 above was reacted in
the same way as in Step 5 of Reference Example_Z to give
the title compound as a.colorless solid.
'H-NMR (400 MHz, DMSO-ds, 90°C) &: 0.89-0.94 (1H, m), 0.99
(3”H, t, J=7.6 Hz), 1.16-1.21 (1H, m), 1.25-1.31 (1H, ﬁ),
1.41-1.48 (1H, m), 1.66-1.74 (1H, m), 1.77-1.85 (1H, m),
2.86 (1H, d, J=12.9 Hz), 3.24—3.32 (1H, m), 3.37-3.44 (1H,
m), 3.45 (1H, d, J=12.9 Hz), 4.06-4.14 (1H, m).

MS (ESI) m/z: 237 [(M+H)"].

Reference Example 9

%F F :
_>.O}—N F Step 1 0 ? Step 2 ::Irj
° f ) PR
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»-CF.
&rc& g 3



7.62(1H, dd, J=8.3, 2.2Hz), 8.23(1H,  d,J=2.2Hz).

MS(ESI ) mi z: 685[ (M¥1)]'. - 92 - [Table 19] 1 |

H NVR( 400MHz, d6- DMSO, 1000C) 8: 0. 33- 0. 37( 1H, m), 0. 51- 0. 57( 3H

m, 0.82-0.87(3H m, 0. 90(6H, d, J=7. 1Hz)2D. 68-1. 72(2H, m),

1.76(3H,s), 1. 99- 2. 13(1H, m), 2.60-2.65(2H, m, 2. 81- 2. 94(2H, E xanpl e
m, 3. 11(1H br), 3. 49(1H br) , 30 J....%0 , '

Step 1: tert-butyl (2S,4R)-2-{[(6S)-6-ethyl-4-
'(trifluoroacetyl)—4,7—diazaspiro[2.5]oct—7—yl]carbonyl}—
4—fluoropyrrolidine—l—carboxylate |

| l-chloro-N,N, 2-trimethyl-l-propenylamine (0.35 ml,
2.68 mmol) was added to a dichloromethane (8 ml) solution
of'(4R)—1—(tért—bu£oxycarbony1)—4—fluofo—L—proline (520
mg,.2.23 mmol) under ice cooling. The resulting mixture
was stirred at the same temperature for 1 hour,.then the
compound (730 mg, 2.68 mmol} obtained in Step 4 of
Reference Example 8 and triethylamine (0.78 ml, 5.58
mmol) were added and the resulting mixture was furfher
stirred at room temperature for 3 hours. The reaction
mixture was diluted with chloroform and the organic layer
was washed with saturated aqueous sodium bicarbonate
solution and satﬁrated brine and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure and the residue obtained_was purified by silica
gel column chromatography [n-hexane:ethyl acetate = 2:1
(v/v)] to give the title Compound (780 mg, 77%) as a
colorless solid.

'H-NMR (400 MHz, DMSO-ds, 90°C) &: 0.67-0.73 (2H, m),
0;83-0.88 (3H, m), 1.29-1.33 (1H, m), 1.39 (9H, s), 1.45-
1.52 (3H, m), 2.07-2.17 (1H, m), 2.43-2.47 (1H, m), 3.36-
3.77 (6H, m), 4.40-4.55 (1ﬁ, m), 4.70-4.86 (1H, m), 5.30
(1H, d, J=54.9 Hz).

MS (ESI) m/z: 452 [ (M+H)'].



6-3. 78(1H, m), 3. 86- 3. 95( 1H, m, 4. 21(1H, br), 5. 02( 1H, t,
.OHz), 5. 36( 1H, d, J=55Hz) , 5.45(1H, s), 6. 92( 2H, d,
OHz), 7.11-7.17(3H, ), 7.61(1H, dd, J=8. 0, 2. 4Hz)

(1H, d, J=2. 4Hz) . MB( ESI ) mf z: 685[ (Mr1)] .

Step 2: (6S)-6-ethyl-7-[(4R)-4-fluoro-L-prolyl]-4-
(trifluorcacetyl)-4,7-diazaspiro[2.5]octane

The compound obtained-in Step 1 ébove was reacted in
the same way as in Step 2 of Reference Example 3 to give
the title compound as a colorless solid.
'H-NMR (400 MHz, DMSO-dgs, 90°C) &: 0.66-0.75 (2H, m), 0.83
(3H, t, J=7.2 Hz), 1.24-1.31 (1H, m), 1.43-1.53 (3H, m),
1.96—2.08 (lH, m), 2.16-2.32 (1H, m), 2.67-2.74 (1H,.m),
2.91-2.99 (1H, m), 3.38-3.57 (4H, m), 4.05-4.16 (1H, m),
4.43-4.53 (1H, m), 5.24 (1H, d, 3=56.1 Hz) .

MS (ESI) m/z: 352 [(M+H)'].

Reference EXample 10
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Step 1: methyl (2R)-2-{benzyl[(1-
{[ (benzyloxy)carbonyl]amino}cyclopropyl)carbonyl]amino}bu
tanoate

Methyl (2R)-2-(benzylamino)butanoate instead of

methyl N-benzyl-L-alaninate was reacted in the same way



u. (7= GNz-.) ..k z z,. LL. \-7 i35 1 H NVR(400MHz, d6- DMSO, 100C) 6:
0.55(4H, brs), 0. 92(3H,d,  J=7.2Hz), 0. 94( 3H, d, J=7. 2Hz) ,

. 1.77(3H s),2.10-2.30(2H, M),  2.53-2.66(2H, ), 2. 86- 2. 94( 1H,
M, 3.05-3. 20(1H m), 3. 39(1H,  br), 3-5122. 54(1H. ), Exanple -
3.76-3.98(3H, m, 4. 97(1H, br),

as in Step 1 Qf Reference Example 4 to give the title
compound as a pale yellow solid.

'H-NMR (4OO.MHZ, DMSO-dg, 90°C) &: 0.71 (3H, t,.J=7.4 Hz),
0.85-0.90 (1H, m), 1.02-1.08 (1H, m), 1.11-1.16 (1H, m),
1.32-1.38 (1H, m), 1.59-1.68 (1H, m), 1.84-1.93 (1H, m),
3.49 (3H, s), 4.30-4.38 (1H, m), 4.49—4.5? (1H, m), 4.65.
(1H, d, J=16.1 Hz),. 5.01 (2H,.q,'j=12.2 Hz), 7.18-7.34
(10H, m), 7.77 (1lH, brs).

MS (ESI).m/z: 425 [ (M+H)'].

Step 2: (6R)-7-benzyl-6-ethyl-4,7-diazaspiro[2.5]octane-
5,8-dione |

The compouhd obtained in Step 1 above was reacted in
the same way as in Step 2 of Reference Example 2 to give
the title compound as a colorless solid.
'H-NMR (400 MHz, CDClj;) &: 0.93-0.98 (2H, m), 0.99 (3H, t,
J=7.é Hz), 1.35-1.40 (l1H, m), 1.80-1.86 (1H, m), 1.91-
1.98 (2H, m), 3.89 (1H, t, J=5.2 Hz), 3.94 (lH, d, J=14.9
Hz), 5.35 (1H, d, J=14.9 Hz), 7.25-7.35 (5H, m), 7.51 (1H,
brs).

MS (ESI) m/z: 259 [(M+1)"].

Step 3: (6R)-7-benzyl-6-ethyl-4-(trifluorcacetyl)-4,7-
diazaspiro([2.5]octane

The compound obtained in Step 2 abové was reacted in
the same way as in Sﬁep 3 of Reference Example 2 and then

the compound obtained was reacted in the same way as in



31 5. 04(1H,t,J=7 Hz), 5. 37(1H d, J=54Hz), 5. 48(1H, s),

6. 75(1H, d, J=8. 3Hz), 6. 92(1 d, J=8:8Hz), 7. 14( 1H, d,

J=8. 3Hz), 7, 31(1H,t, J=8. OFE) 7.63(1H, dd, J=8. 3, 2. 5Hz) ,

8.24(1H,d, J=2.5Hz). MS(ESI ) ml z: 707 (. )] Ref erence Exanple 1 Step 1

et hyl 2- (6 chl oropyri di n-3-yl ) propano A nethanol (200 M) solution

of ammoni um chloride (6.88 g, 129 mmvol) and

1- (6-chl oropyridin-3-yl)ethanone (10.0 g, 64.3 mml) was added to an

aqueous corfesy ratet Renffard races dxrigdre (21060 i) veft pot assl e ayenide ( 10. 7

g, 161 mmol) under ice cooling and the resulting m xture was returned to

room t enperat i et leedseiaigl stirred for 3 days. The reaction solution was

concentrated under ‘reduced pressure and the residue was subjected to

ext ract i on “Wi-NMRdi (dRI00MBmet BMAE-dFhed07Yarf:c 0.8fer0 Wik drH edvover anhydr ous
d t hen the solvent was ev?porated under_ r educed

magnesi um su
pressure. nBérHT% etiﬂhyd‘t actl otd ot Hbi & '( 160" M )H%/\)a's hdtd! to° t helr esi due
obt ai ned under n nd .t hen u h ed to
refl ux forrg’ho T CHhe rgggtfw yé%e%'&gstgg g@ﬂt%%giﬁ %B%%rg duced
pressure and themss o 45 (21, m), 3.32 (1H, d, J=13.9 Hz), 3.40-3.47
(1H, m), 3.84 (1H, d, J=11.7 Hz), 3.97 (1H, d, J=13.9 Hz),
7.18-7.23 (1H, m), 7.27-7.31 (4H, m).

MS (ESI) m/z: 327 [(M+H)*].

Step 4: (6R)~6~ethyl-4-(trifluorocacetyl)-4,7-
diazaspiro[2.5]octane hydrochloride

The compound obtained in Step 3 above was reacted in
the same way as in Step 5 of Reference Example 2 to give
the title compound as a colorless solid.
'H-NMR (400 MHz, DMSO-ds, 70°C) &: 0.89-0.94 (1H, m), 0.99
(34, t, J=7.6 Hz), 1.16-1.21 (1H, m), 1.25-1.31 (1H, m),
1.41-1.48 (1H, m), 1.66-1.74 (1H, m), 1.77-1.85 (1H, m),
2.86 (1H, d, J=12.9 Hz), 3.24-3.32 (1H, m), 3.37-3.44 (1H,
m), 3.45 (1H, d, J=12.9 Hz), 4.06-4.14 (1H, ﬁ).

MS (ESI) m/z: 237 [(M+H)*].

Reference Example 11
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- 94 - subjected to azeotropic distillation wth toluene and thionyl
chloride (10 m) was added dropwi se to an ethanol (100 m) solution of the
resi due obtai ned under ice cooling. The resulting m xture was heated to
reflux for 3 hours, then the reaction nixture was concentrated under
reduced pressure and the residue obtai hetl was diluted with dichl oronet hane
and then washed w th saturated aqueous sodi um bi carbonate solution and
saturated brine. The organic | ayer was dried over anhydrous nmagnesi um

sul fate andstdre Solteent-wasy leveldrat et undesR ¥ efuceidy pressure. The resi due
obtained was purified by silica gel columm chromatography (ethyl acetate)
to give thel(tiiflgorgmind (7 24 ¢ a 2091 as 2. phbet yetybivarbondHNVR (400
MHz, CDC13) 8: 1.25 (3H,t, J=7.1 Hz), 1.70 (3H, s), 1.98 (2H, brs), 4.19
(2H, q, J=r1tHQrory B iHnetl e tydate. 85 (1H, dd, J=8.3, 2.4 Hz),
8.56 (1H, d, J=2.4 Hz). Step 2: ethyl 2- (tert-butoxycarbonyIE?am noj - 2- ( 6-
chl or opyri di n.-3-T§1Ie) FPEPANGSt €Ptalnet, gy Rt @ i RELfenAnCes By ) and
di -tert-but di car bon (1.12 M, 4. mml) were added fo a

t et r ahydr of%dr al' {26 C)a% gcokleuﬁod?P%‘?nq h‘%’l“c%]rfbeo%njdl(%% ‘S,Oﬁ. 37 ol )

obt ai ned i ' m e s heated to reflux for
~ 18 hours. %%%&f?%at%%{}?ﬁ %%?%Ao%ﬂa e J%X%ﬁg rﬁa} 2.1y nérlr%lljnwas added
and the 1 esyldd ng i Hd s hioahas d & el 14 d oy d & NOHL Scorfiifgact i on
m xture was concentrated under reduced - 95 - pressure and then the -

resi due obtad ned-dmas-ididdited with ethyl acetate, washed with 10% aqueous
citric acid solution and saturated brine, and then dried over anhydrous
magnesi um sul-iake.(4The Msiel, vensowals, evaparjatged qurstero regduced piessure and

t he residue obtained was purified by silica gel colum chromatography

[ nhexane: ethyl6dtdtdat € )18 Q\937J. 3B (ile rthe 1i36-el cadpormd ()1, 20 g,
84% as a pale yellowoil. 1H NMR (400 MHz, CDC13) 6: 1.19 (3H, t, J=7.2
Hz), 1.38 (9H° br¥, s0..99 (BH1 DL Rem) 26l (P28 @10 )LH, 3 K5I=8.5
Hz), 7.74 (1H,_ dd, J=8.5, 2.7 FZ? 8.47 (1H, d, J=2.7 Hz) Step 3:
tert-butyl §18%6L4h SHopyi&fim 3L 1)1t MthyA-00- bbbt hH] dBrbahe?® A
t et rahydr of ur 0 ) t) of t compound (5.70 g, 17.3 mmol)

obt ai ned i ny'sqa&ep{%‘gaﬁg\/e i’/?sSua d CLr d%\‘(/aa]s'ﬁfb%a tetrahydrofuran (20 m)
suspensi on id-hi | ya nu i+«de (1.43 g, 34.7 mml) under ice

cool i ng and\%{ héeésilgsu tzﬁzngmn{]xmgr%%v&a ‘stirred at the sanme tenperature for 1
hour. 1 N aqueous sodi um hydroxi de solution (6 m) was added to the
reaction m xture under ice cooling and the precipitated insoluble matter
was renoveds fad trat)i-agret 17t rate mas goncent s.at jyler reduced

. pressure andtb%t/phe resi due ob}gielned %s )di ssol ved i n_%i -rrlgflhyl sul f oxi de (100
m ). Triethydaniine(Ggdyl o B Sl Aapitrd @i Heodydngi ne conpl ex (5.52 g,
34.7 mmol) were added at roomtenperature and the - 96 - resulting mxture
was stirred for TRehcompouhkie obéadhiedn im Stepe Iwaboyeued irdae twal dm,

foll owed by extraction with ethyl acetate. The organic |ayer was washed

Wi th sat ur dthed SanienevayThes drgditiar |Zayer Reofss mhmi el Bxwamp e hy drousi veagnesi um
sul fate, then the solvent was evaporated under reduced pressure and the
resi due obtdihed Wds GFFRFUNEH By SiRdlen Yl l ol /i Ehr omat ogr aphy ,

[n-hexane:elthﬁl acetate = 2:1 (v/v)] to give the title conpound (2.77 g,
569 as a pard™el(HoR MR, PMSNvRs( 46001z 5:clcEP-08:72. @3l (9H, s), 1.79
(3H, s), 573 {1H,,Dr 7.36 (14, d,,J=8. ), . ( J=8.5, 2.7
Hz), 8.42 (01'3(9(;(?',858@)1"( TH s])’%tle'p?’zﬁl]f:(Bjtkgr'lt;%tfutngzq—l'% i, %

[ 2- (4-chl oro-g% f 0, ny1) - s (65_ N

chl or opyri dllng?%éytl%gr Z@hh?d?ﬁ?)&y%'-lgzet%yzloet _(hlyq’] cma)r’bazrr'a@e 2.6 WH, m,

t et r ahydr of urgn ) £olwutd of e u (6,47 ¢g,322 7m

obt ai ned i nzjsgtalep(ﬁ%gabrgdveﬁ\%azé 5ag{dlze)d .§drt§7pvm§'?§pt %’- S‘M ’or-%'-?équ?usor op I)e’nyl
nmagnesi um byonide (-0 HM tet,r ahydrofaaran eol utd,om)) (13 3 ¢150.8H, nmol )
under ice cooling and the resulting m xture was stirred at the sane

t enper at ur e7f5¥. 71 Hour . An aqueous sol ution. of saturated anmoni um chl ori de
was added to the reaction mxture to termnate the reaction, followed by
extracti on M@ t (ESSt)hyd/ zacets el (MAHB "drgani ¢ | ayer was dried over anhydrous
magnesi um sul fate and then the sol vent was evaporated under reduced
pressure. An n-hexane/ ethyl acetate m xed solvent was added to the residue
obtained - 97 - and dried to give the title conpound (7.92 g, 84% as a
white solid. 1H NVR (400 MHz, CDCl13) 6: 1.45 (9H, brs), 1.56 (3H, brs),
5.08 (2H, brs), 6.86 (1H, brs), 7.09 (1H, d, J=8.8 Hz), 7.31-7.35 (2H, m,
7.68 (1H, d, J=7.3 Hz), 8.44 (1H, s). M5 (APl) mz: 415 [(M+1)+]. Step 5:
tert-butyl [2-(4-chloro-3-fluorophenyl)-1-(6-

- chl oropyridin-3-yl)-1-net hyl- 2- oxoet hyl ] car banmat e

v o o LR

Acetic anhydride



A dioxane (1 m) solution of the conpound (1.23 g, 2.55 mmol ) obtained in
Step 5 above was added to a 4 N hydrochloric aci d/di oxane solution (5 m)
under ice cooling and the resulting m xture was gradually warned and
stirred at roomtenperature for 2 hour The reaction m xture was dil uted
with water and washed with an n-hexéhéﬁgiﬁyl acetate m xed solvent and then
t he aqueous | ayer was nade al kaline by the addition of 15% aqueous sodi um
hydr oxi de sol ution, followed by extraction w th dichl oronmethane. The
organi ¢ | ay@feyenadr iEedmpder l&nhydr ous nmagnesi um sul fate; then the sol vent
was evapor ated under reduced pressure and the residue obtained was purified
by silica gel colum chronmatography [n-hexane: et hyl acetéfe =1:1 (v/iv)] to
jasl. (API) m z:

give the title carpound 0.75 g, 95% gs_agpale yellow s

313 [(N%1)+}Hni?ap : | or Gebt [ 4+ - 3- fSlepor -B- net hy1-

1, 1- di oxi do- i hyar 5-thiad | - -ﬁﬁtﬁyrfdfﬂe @ | @cular, sieve 4A
(4.5 g), sulfamde (2.75 dJ28.6 mol), and | 9

1, 8- di azabi cycl o[ 5. 4. 0] undec-7-ene (1.45 g, 9.52 nmol) were added to a
di oxane (60 nml) sol uti of the cOrpound .99 g, 9.55 | ) obtained in
Step 6 above s‘?‘”q the r | ting 'xéyre WaS¢8t i rrsgd Qun atigng at 95C for

18 hours. - FuUrthgs ( ZfﬁﬁN | "Ry add nd the.
resulting m xture s ktirfel under hea i@giggr*ZA'hoursakg i

ni xture was concentrat €§' undef }educed pr §uj§2and t hen the

- obtained was diluted with ethyl acetate, wasked with 10% aqueous citric
acid solution and saturated brine, and then dried over anhydrous nagnesi um
sulfate. A diisopropyl ether/ethyl acetate m xed solvent was added to the
resi due obtained and the resulting precipitate was collected by filtration
and dried t56e§ Ve meghyilt Ne [ddmpound (2.86 g, 80% as a col orl ess solid.
1H NWVR (400 MHz, CDC13) 8: 2.25 (3H, s), 7.29-7.47 (3H, m, 7.59 (1H, dd,
J=9.5, 2.0 HApPerzyeexyigard@nyidamgnod yaoprapyd meryld -=2. 9 Hz). Step
8: 2-chloraq-5-[.(3R*, 4S*)-4-(4-chl oro- 3-

quorophenS&ﬁL < hyl- 1, 1-di oxi do- 1, 2, 5-t hi adi azol i di n3-yl ] pyridi ne
Sodi um bor ohydy,i 1.0 : 4 I s _gradual Iy, add t,o an .et hanol
(63 m) solutigﬁggyit egggﬁﬁﬁgﬁg gggfécgaof39% ﬁ%ﬁﬂ% 5Btaq%édIW%) t'ep 7

above U”de&ii%?cﬁﬁ%hh%% q@q8t ; @%§%I5ﬁggjniégﬁf%6%¥&§tirred at the sane
or

tenperature hours. The réaction mxt'ure Wwas concentrated under
reduced presSwe tdx$ohen e deesiodue Qpt aiined was ydijdited Mdd & hy!
acetate, washed with 1 N aqueous hydrochloric acid solution and saturated
brine, and diken ctomed hever (@ohydnousorrgdiesi wa gddAate. (IThe sol vent was
evapor at ed under reduced pressure and the residue obtained was purified by
silica gel feomyheychopnrepygn aphy amatkexand: ef,hyl3 .acetratle ab {hw v)] to
give the title conpound (4.36 g, 59% as a pale yellow solid. - 100 -

1H NVR (400reid L i0RCI3 K t8rel ws (SIHrrs)d, a3. 23 32nphfatgre £02 I81H, d,
J=5.6 Hz), 6.74-6.76 (1H m, 6.80-6.83 (1H m, 7.23-7.26 (2H m, -
7.55-7.60 (PHISH), TheoFepcds on BixHreSwes goncentrated under .
(1R*, 2S*)-1-(4-chl oro- 3-fl uorophenyl) - 2- ( _ _ L :

chl or opyr i FEUESH PEESSARE- 1 egit&Fiideie obtapmpd efstidtivted 740 m, 111
mmol ) was added to i oxane (80 nml) .solution of fhe compound, (4.15 g, 11.0
nmol ) obtm%#§¥i ﬁc§%§%eSa§ﬁ50éS§ﬁg %ﬁzgr§§ﬁqﬁ%ﬁf AU WL E MY red under
heati ng at ;.1 ' 1 I r ti i xt.ure was .concentrated under
reduced pr g;l%%?gofg%éet %gll?}e&sll alu-é%gbtsgﬁ%éjﬁ%\%adsnbcﬁﬁnu &d' Wi enchr}loer of orm

vashed wi t bbb s20uacls sadl wbiudioxlae 30)ild an AN AL 8¢ Jud ne, and

then dried over anhydrous nagnhesium su e ent was evapor at ed

under reduged RASEWLE AR %Jr%%ie@u%n%rair@ﬁd@ﬁ S Sured iy sid ca gel
col um chr omat ogr aphy [chl orof orm net hanol = 93:7 (v/v)] to give the title

conpound (335 dge BWmiascawpal puyeldiel ¢y .sitHNVRL140Q 1Md, CDC13) 8:
1.54 (3H, s), 1.58 (4H, brs), 4.08 (1H, s), 6.72 (1H, dd, J=8.3, 2.0 Hz),
6.96 (1H, dihrad=t®ag3apy0 [HrhexAn2t ethiyl tacetmtdd H2):,1 7237 )(J1Ho0 dd, J=8. 3,
0.7 Hz), 7.59 (1H, dd, J=8.5, 2.7 Hz), 8.36 (1H, dd, J=2.7, 0.7 Hz). M5
(ESI) nml z: 3¥4 [thekt)i4]le comp@und SeR@4l@, 47%) as a pale yellow

(1R 2S)-1-(4-chl oro-3-fluorophenyl)-2-(6-

chl or opyri &id--3-yl ) propane- 1, 2- di ani ne L-(+)-tartaric acid (6.3 g,
42.0 mmol ) was added to an ethanol (200 m) solution of the conmpound (12.6
g, 40.0 mvl) obtained in Step 9 above and the resulting m xture was heated
to reflux at 110C for 30 mnutes. Water (8 m) was added, the resulting

m xture was further heated to reflux for 10 m nutes, then returned to room
tenperature, and |eft overnight and then the precipitated solid was
collected by filtration. The solid obtained was made into an al kal i ne

= o o o o o




- 102 - the resulting mxture was heated to reflux. for 20 hours. After
cooling, the reaction m xture was concentrated under reduced pressure and
the resi due obtained was diluted with ethyl acetate, washed with saturated
brine, and then dried over anhydrous ma%nesi um sul fate. The sol vent was
evapor at ed under reduced pressure and tH® Tesi due obt aj ned was purified by
silica gel colum chromat ography [chl orof orm nethanol = 40:1 (v/v)] to give
the title conmpound (1.94 g, 89% as a colorless solid. 1H NVR (400 MHz,
CDC13) 6: Tu9#MR3H40%) MHz, 0CHChH) $), 06.687Z0(bH, (H,IJ7H.,8 dlds 6388 §1H,
brs), 6.75 (1H, dd, J=9.5, 2.0 Hz), 7.10 (1H, brs), 7.15 (1H, d, J=8.3 Hz),
7.21 (1H, tI=Q67 Hz)Hz)0. 9L 3BH, 1K, dik6 J=815),, 2L B'Hz) ., & 002K 1Hp) d, J=2.2
Hz). M5 (ESI) mz: 356 [(Mt1)+]. Step 12: ethfll '

(5R, 6S) - 5- (4-"chiloro- 3t udtloptrerfifl) (gt ( 61, J=12.9 Hz), 2.82 (1H, d,

chl oropyridin-3-yl1)-3-isqpropyl-6-nmethyl-5, 6-

di hydrgiyn‘: &lfgc?[-i’?/ﬁzd]r[ |133§D4[ h']%/fk'olte--zjfc—é'r‘b(ﬁ&ﬁl ate 08 Sy, 5.08

2-chl or o- 4- hyl - 3-0 nt at 7.0 |) was added to an -
et hanol (20(?%’) >£3sroﬁ?))L!t i)g(;’ﬁlelof esgd%diﬂ%%f%ﬁ% 45 mmol’) obtained in

Step 11 above at roomtenperature and the resulting m xture was heated to
reflux for 16 hours. The reaction mxture was returned to roomtenperature
and the reagtdpon sqlaent was; evaporated under reduced pressure., The

resi due obtained was diluted with ethyl acetate and the organic |ayer was
washed w t hy s@tanzAtied A0 SR GaF RGNS, SQhdih P -n- 103-+- and
saturated brine and dried over anhydrous nmagnesi um sul fate. The sol vent was
evapor at ed buridery qeathoed )pileslsurce rantek t he resi due obt ai ned was purified by
silica gel .colum chromat ography [ n-hexane: ethyl acetate = 3:1 (v/v)] to
give the title Gboepoomgpo(2d06blaiTied) ias Saepollorbess salsi deattteNVR 400
MHz, CDC13) 8: 0.90 (3H, d, J=7.3 Hz), 1.04 (3H d, J=7.1 Hz), 1.34 (3H t,
J=7.2 Hz), thesFqBHvVay) 2,176 Jtam g0 D Feiene)ce ExangliH, 1 s)o BLEL- 6. 62
(2H, m, 7.04 (1H, d, J=8.3 Hz), 7.16 (1H t, J=7.7 Hz), 7.51-7.55 (1H, m),
8.20-8.22 (¢ ,(trﬁ?l%vs:%r@ﬁ%“%az? YR IMESH 01 5t ep 13:

(5R, 6S)-5-(4-chloro-3-fluora hen%l%‘éG- (6- '

chl or opyr i dialN¥Ry {£08. P’@Sprggﬁl-’» -ovethy®4s) 6l6 (1H, m), 0.78-0.97

di hydr oi m [ 2,,1- b] [k, 3]4.hi azol - 2- oxyl i & aci ] ueous

sodi um hyd?%ﬁ%ﬁdé”s’oltgu't%l?on(g(kg %%Z’) J\%a% 6;3-[022d tdo' 9;0n Qfﬂanddl “{%%I\!‘?ﬁ S0l uti on
of the compound (2618, 417 1Ml ) BPt aiined i St ey 1(21]-g,b91¥)e ang, 4 he

resulting mxture was stirred under heating at 60C for 16 hours. ter

cooling, thegsolent myas Tancentrat@d under 3epuced pregsung angd ihe

resi due obtained was diluted wwth water and then washed with di ethyl ether.
The aqueous(3mgyey) was. Mede lisnt@BN @G & 030l ofy hy=ther graduad . eddi tion
of 1. N ,aqueous hydrochloric acid solution under ice cooling, followed by
extracti on (it h dot Wyd1lacketixt)g. ST -gr.deni CLH,ayer, Was2 Swashed v8H h rsiat ur at ed
brine and then dried over anhydrous nmagnesium - 104 - sulfate. The sol vent
" was evapor at ed "under reduced pressure, -a diethyl ether/n-hexane m xed

sol vent was added to the residue and the resulting precipitate was

col | ect ed BYFF 13 &Gy larld drli €@ rtobyitax tarrqndle cofpoud (1.51 g, 87% -
as a pale yellow soli %1&279 (3H, d, J=7.1 Hz), 0.98 s), 3.32-3.40 (1H, m,
5.71 7.23 (‘\DMAT®xYRedhyidnt= 7 34- J=8.3, 2.4 Hz), 8.25 (1H, d, J=2.4 Hz).

VB (ESI) iz .4 1)+ 20,5 (C=1.0Q, nethanol, 25C) Ref
Exagrp' 6)2 glfegﬁnyﬁghletgymla?@rﬁék%ﬁ%@[C(yfi{"[(%rboe%’ @"a%ae%r‘? nyl]a)rri IR

cycl opropyl ) carho i :
1- (3- di net hyl amp’ng%%%%%g?tét?ﬁ% d3PbBa i SCAECIRYAPEC TS COEPPH D g, 110

nmol ) and hyedroxyp j1az (12,70 I a
di chl or omsg(-hla?es (93354 ?ﬂjs)zqgrgjllzt ?Jgﬁca&%ela? 197_ %8% - Ao I &GP _
Moenzyl oxy)earhay amanalauclrgRieranesar Baxwic AE(L23 D & 100 mol )
and et hyl N-benzylglycinate (19.3 g, 100 mol ) under ice cooling and the
resul ting mixthunen sAsarsitdunt ey dati deoqm tREr ataure rivyl )24y sicd’he sol vent
was concentrated under reduced pressure and then the residue was diluted

wi th et hyl cacétiate ,arwasthed neistl thiny agueouse hwedr aohilmrdd acitthes adarid on,

sat ur at ed aqueous sodi um bi carbonate sol ution, and saturated brine, and

t hen dri ed tew@re rathyddr gy dodiawn .-suWedtes, afite I veenteowsss @vtapior at ed under
reduced pressure and the residue obtained was purified by silica gel colum
chromat ography [ n-hexane: ethyl acetate = 2:1 (v/v)] to give the title
conpound (35.7 g, 87% as a colorless solid. 1H NWR (400 MHz, CDC13) 8:
1.13 (2H, br), 1.22 (3H, t, J=7.4 Hz), 1.25 (2H, br), 1.66 (2H s), 3.91
(1H, br), 4.12 (2H, q, J=7.4 Hz), 4.91 (2H, brs), 5.36 (2H, brs), 7.19-7.31
(10H, m. Step 2: 7-benzyl-4,7-diazaspiro[2.5]octane-5, 8-di one 5%

o I DN D o — e~ o~ - Y -



- 106 - [ethyl acetate:n-hexane = 1:1 (v/v)] to give the title conpound
(20 g, 100% as a colorless solid. 1H NWR (400 MHz, CDCl13) 6: 0.93-1.00
(2H, m, 1.55-1.59 (2H, mM, 3.91 (2H, s), 4.60 (2H, s), 7.25-7.37 (5H, m,
7.86 (1H, brs). Ms (ESI) mz: 231 [(I\/Hrl—9+]. Step 3:

7-benzyl-4, 7-di azaspi ro[ 2. 5] octane 127N\ bor ane- t et r ahydr of uran conpl ex
(0.93 Mtetrahydrofuran solution) (375 m, 0.35 nol) 'was added to a
tetrahydrofuran (200 m) solution of the conpound (20 g, 86.8 mmuol)

obt ai ned i eSSt Ehiore wenderaddzsd ool i awgniandt 4 hette theactesoh | Nphaw Xt ur e
was heated to reflux for 19 hours. Methanol (130 ml) was added to the -
reaction nmitttaurzeamidan et iwapg dihentresufitimetrhwt kweetwatse stirred for
60 m nutes and then the solvent was concentrated under reduced pressure.
Et hanol (433599 WidthersqE18® GA9 L ik 4 rand il 50799 ) were added to
t he residue gbt ined, the resulting m-xture was heated to reflux for 2

hours and t HE S5 FIAGERS Was 1 at Btf uitferete R P RIS The
resi due obt ani(Ped vvaof diﬁJaut ed with etJ;yI acet atcf v%?he.d ith saturated
aqueous sod'tiR biCABOIatdE SIS SHAnd S At H B H AT hen dri ed
over "anhydr, . SQd |.f.ate.. Fh e V. ed. under reduced
pressure aﬁg}%ﬁh%%?degpd%lolg%aaigneeldec\/\o/}glr%nu%Q%%ioﬁga%%aﬂbel col um

chr omat ogr aphys L far anal. + L0 | )4 ' thetitle '
conmpound (10.4{11 ge,QrHStg{/c) %sdgaﬁ%t(ﬁqor?esz ((])x?/lv.l)] Yda{él‘{é)lt%{l-éélel\/%ﬁ(%oo MHz, CDC13)
8: 0.41-0. 4n(pdnd)(1.066%,0.600 ) ( 2H dMcollbrd®ddlBibr), 2.22 (2H, s), 2.45
(2H, brs), 2.97 (2H, t, J=4.9 Hz), 3.50 (2H, s), 7.22-7.32 (5H, m. Step 4:
7-benzyl- 4-gt-nMRl yanoamaty1rpdl7?y & azaspiT of2. Bl@ef ane, - 1.35-1.43
Trifluoroacetic anhydride (8.50 m, 61.1 nmol) was added dropwi se to a

di chl or onetHdhe )200 -M4) (d1,uts)on lofd 3He. Conpldlindn)(,10L 3 g1 583 9(2Hwl )
obtained in Step 3 above and triethylamne (17 m, 122 nmol) under ice

cool i ng and)the® 15l t00hg W xfre 4veB s1ikT edtht ®he Sarfe tEhperetlure for 1
hour. Saturated aqueous sodi um bi carbonate sol uti on was added to the
reaction m’xtafi e -aifd tfe Msul t i ng m xture was diluted with chloroform
then washed with saturated brine, and dried over anhydrous sodi um sul fate.
The sol vent was evaporat ed under reduced pressure to give the title
conmpound ( 15. .. 10Q9 _cal aqrl Oi | ., \MS ((ESI) . Z: )9 [(MtH) -] .
Step 5: 4- %ireﬁ)f %u'o:zlo%c@net% 874@?13—{ altoza pll r(lcﬁRz)N% olclfﬁoak}nuet}ﬁlfldélr’gﬁhl oride

N hydr ochl qy;i I t - _ 495, iml 5% pal | adi um carbon (3
g) were adg{eldaczta%%aln og[tzpigggaga%%g—élrﬁ% dllo utl or?)lo%r%jhe conmpound (15.5 g, 51
mrol ) obtai ned irkiphepy4pabapaiand (ihe7r gs,ul5t,|9@gnmo>1t)ura%d/vas subjected to
catal ytic reduction for 15 hours in a hydrogen atnosphere. The catal yst was -
renoved by diiilddpatdogn azci&ardduyaughe ced.id® rand 4 .hen riel f iddrat e was
concentrat ed under reduced pressure. An ethanol/diethyl ether m xed sol vent
was added tagiddte treesi died uabteai (D and tdhel weiposidfedisolddnpmasmadol | ect ed by
filtration to give the title conpound (10.3 g, 83% as a colorless solid.
1H NMR (40001vHA DVSOOd6 mB0Q) ptainegl (4H St B. A Hnddr k95 (2H, t,
J=5.1 Hz), 3.89 (2H, brs), 9.71 (2H, br). M5 (ESI) mz: 209 [(M+H) +].

Ref er ence Bofping #nd toeegepulitdmid Mitiaure s amR)duadyalond-rrtyuned
(trifluoroacetyl)-4,7-diaz

i 2.5]oct-7- ,
yl ] car bonylH%yrIit itcﬁn}ﬁ)@rf-tg%prelo%%ﬁ %’Oeclng STLARRA HRbertz dtHETol e (46 ny,
0. 34 L) 1-(3- .dinet hyl.am 1)-3- et hyl bodii m de hyd hl ori de
(502 . b A R i B e e et i or et GE 3 sol ution of
(4R)'1'(tercfi'it§lb g)%gar g%%]i)c;?@;iﬂ;(;%%onq%gﬁjg3n§nl(l401$'04:g;,fg&ldl?)l mml|) and the

. V{ere
resultlng m xtu S stirre erature m nut es.

Subsequent lagqdde ricp N L AGQ A m12«QF MRS @l ped, i Shep fiif;f |
Ref erence Exanple .2 and diisopropylethylamne (0.45 , 2.57 mol) were

added and tsheygiasdll tiThe Mot nas &tdrd e AlcdRURdLMmel atide- for 16
hours. The reaction - 109 - mxture was diluted with ethyl acetate and the
or gani ¢ | ayerduwasi wasisetrai tanhds athy atead AAGUeMtS isod una Diwar boinad eol uti on
and saturated brine and then dried over anhydrous sodium sul fate. The

sol vent wass ieviaporgtledainger aheduean quraggsur e -drek drive atgs duscatdtad ned was
purified by silica gel columm chromatography [n-hexane:ethyl acetate = 1:1
(v/iv)] to give the title conpound (560 ng, 77% as a colorless solid.

1H NVR (400 MHz, DMSO-d6, 90C) 8: 0.98-1.10 (4H, m, 1.37



(9H, s), 1.95-2.09 (1H, m, 2.49-2.54 (1H, m, 3.41-3.54 (3H, m, 3.60-3.75
(5H, m, 4.73-4.80 (1H, m, 5.26(1H, d, J=53.7 Hz). M5 (ESI) mz: 424
[(MtH) +] . Step 2: 7-[(4R)-4-fluoro-L-prolyl]-4-(trifluoroacetyl)-

4, 7-di azaspiro[ 2. 5] oct ane Triflugrngacetic acid (10 mM) was added to a
di chl oronet hane (10 m) solution of the conmpound (560 ng, 1.32 mmol)
obtained in Step 1 above and the resulting m xture was stirred at room

tenperature for The .reaction vent was conc rate nder reduced
pressure and°t eﬁ 23?&r§?e815&u%3 &3&%Mﬂqmg? 2¥§?é61ut @30 n) was
added, fol Lowed Qie%%t ragtion with chloroformthree tines. The organic
| ayer was masheg safurated brine and dried over anhydrous sodi um

sul f at e. ol t unde duc nes ure 0 ve ‘'t he
title conpound % é%ggg¥M%9° MéP 6§€@ 3elpomﬁsglsg W, - b f%—NNR(4OO
MHz, DMBO- d§,,9Q0Q) 8, %-)9002.8@7( ngﬁ,,nh,Z JH& % 6(1Ho .%@4('33},141,( He.6

Hz), 0.96—1.05 (l1H, m), 1.21-1.62 (13H, m), 3.11-3.26 (2H,

m), 3.42 (1H, d, J=14.0 Hz), 3.99 (1H, d, J=14.0 Hz),

4.19 (1H, s), 5.12 (2H, s), 7.23-7.39 (54, m).

Step 5: benzyl (6R)-6-isobutyl-4,7-diazaspiro[2.5]octane-
4-carboxylate hydrochloride

4 N hydrochloric acid/dioxane (8 ml) was added to a
dioxane (10 ml) solution of the compound (0.57 g, 1.42
mmol) obtained in Step 4 above under ice cooling and the
resulting mixture was gradually returned to room
temperature while being stirred for 24 hours. The
reaction mixture was concentrated under reduced pressure

to give the title compound as a colorless solid.

. Reference Example 13

Step 1: benzyl (6R)-7-{[(2S,4R)-1-(tert-butoxycarbonyl)-
4-fluoropyrrolidin-2-yl]lcarbonyl}-6-isobutyl-4,7-

diazaspiro{2.5]octane-4-carboxylate



m, 3.51(2H, s), 4.13(1H, m, 5.23 (1H,d, J=53.5 MS(ESI) mz: 324 [(M+H) +].
Ref erence Exanple 4 Step 1: nethyl N-benzyl-N-[(1-

{[ (benzyl oxy) car bonyl ] am nol cycl opr opyl ) car bonyl1] - Lal ani nat e

N, N - di cycl ohexyl carbodiimde (6.0 g, 2% Q nmol ) was added to a

di chl oronet hane (150 nl) solution of methyl Noenzyl-L-alaninate (5.20 g,
26.9 nmml) and 1- {[(benzyl oxy)carbonyl]am nol tycl opropanecarboxylic acid

(6.30 g, 26.7 rmﬁ?) under ice cooling and the resultlng m xture was stirred
overni ght at rob t‘éPr‘BBPHPE}r 8bt"l‘*F1€eFieé8t PGRPPx Phr §e\§§§6866c§ﬁ?m§t &d under

reduced pressure an en.diluted w thyI cetate, insoluble matter was
r enoved byq‘?‘l MPEES gn&htehé:ﬁnﬁ?émﬁl %ésl & With 1 N aqueous

hydr ochl ori %f%%'e_%c%méﬁ(t ea%dw%%t ur.at ¢ etd &)I’I e ar and dr| ed over anhydrous
sodi um sul ate nt was evapora ed "under FéGuced i pressure and the

obt ai ned regi.due was Retfre'rfen%% lﬂ(aﬁ{)pil' €3 g;f‘dv gClQJémeh Lhrqnpd QQ{J@EJW 80 g

[ n- hexane: et hyl acetate = € the t|tIe conpo

719 as a @l gr%;gs_% <9zle|1lol\z|+o|¥|YR (400 MHz, CDC13, 70C) 5: 1.03-1.11 (2H, m,
1.37 (3H, d, J 1.43-1.47 (2H, m), 3.72 (3H, s), 4.48 (1H, brs),

4.61 (1H dg- mé,6<6oblzmz4 BiisOlH,, thod=el6.66 Iz)sa4..%9 (3H, ), 520 (1H,
brs), 7.20-7.34 (10H, m. Step 2: :

(6S) - 7- benDy T660nBhy(TH4, Th)di dz&dpilr.ofE2. BBt ane5,18-afi-éhe3 (1H, The
conmpound obtained in Step 1 above was reacted in the sane way as in St ep 2
of Ref er enée 8BxandI% ZHt,ngnvéﬁ -tiHe tthIei,ce}ﬁﬂdurﬂjP@s) a Toldorl &5 03,

"H NW?. (400 MHz, CDC 6: 0.98-1.07 136(1Hrr) 147(3Hd
J=7.1 Hz), ™85 01K/ 1#?& &R, griced, Hg) 'J'47 415142)8241(% MM, %+,03=518%9 He) |

(56%)l g}geng}fJG%‘rAiretgﬁHﬁ)M %Ht%?a?iasé &%[‘27 ro%afhp i The conpound

obtained in Step 2 above was reacted in the sane way as in Step 3 of
Ref erence Exanple 2 to give the title corrpound as a colorless solid.

1H NVR( 400 13).6:.Q 1Ha7 Q3 Stvlo
(1, n')(O 4%@%&%% 5 %%%(?ﬁm—‘l 16%3 ~6-isobutyl

d, J=6. 3Hz) .42. %%ﬁ%'ﬂu@r%a%%t%)—@, 72851 % z-%%(p?l'i'wd@z. 5]oct-7-

yl]carbonyl}pyrrolidine—l—earboxylate

5% palladium carbon (0.10 g) wes added to an ethanol
(20 ml) solution of the compound (0.65 g, 1.25 mmol)
obtained in Step 1 above and the resulting mixture was
eubjected to catalytic reduction at room temperature for
18 hours in a hydrogen atmosphere. The catal?st was
remoVed.by filtration through celite and then the
filtrate was concentrated under reduced pressure. The
residue obtained was dissclved in dichloromethane (20 ml),
diisopropylamine (1.3 ml, 7.52 mmol) was added and
trifluorocacetic anhydride (0.53 ml, 3.76 mmol) was added
under ice cooling. The resultiﬁg mixture was gradually
returned to room temperature while beiﬁg stirred for 2
hours and the reaction mixture was concentrated under

reduced pressure. The residue obtained was diluted with



2. 74(1H, dd, J=13. 2, 9..3Hz), 2. 90( 1H, dd, J=13.2,3.4 - 112 - Hz), 3.15 (1H, d,
J=13.4 Hz), 4.07 (1H, d, j-=13.4 Hz), 7.20-7.34 (6H, n). Step 4:
(6S)-7-benzyl-6-nmethyl-4-(trifluoroacetyl)-4,7- diazaspiro[2.5]octane

The conpound obtained in Step-3 above ﬁ@ reacted in the same way as in
Step 4 of Reference Exanple 2 to give title conpound as a colorless
oil. 1H NWR (400 MHz, CDC13) 8: 0.68 (1H, m, 0.79 (1H, m, 0.93 (1H m,
1.21 (3H, d, J=6.1 Hz), 1.33 (1H, m, 2.17 (1H d, J=12.0 Hz), 2.49 (1H,
d, J=12.0 HAHhyR HxE and @&sted M thl, sdtiZ tedHaqudods {ddurdd, J=13. 4,
9.3 Hz), 3.77 (1H, d, J=13.4 Hz), 4.04 (1H, d, J=13.4 Hz), 7.23- 7.34 (5H,
n. Step 5:PiBhBaE alw-iQri fiGoraraeeryd )it 7ic i airds™ Fof 2015) oct ane
hydr ochl ori de The conpound obtained in Step 4 above was reacted in the

same way aith SQepraet Refs e Bebpihe L1y vel a¥er t7as edebfiound as
| orl lid.., 1H NVR (400 NHz deé) 8:. 0.95 (1H, b , 1.12 (1H,
grg?,orl.giso("%% I%ﬁf}-‘/%‘?&s( ,“eds,lujﬂ:ts%ﬁ%e,-)l.%e (Sﬁ%é%fﬁ's)“,’arg? 90 (1H, (rr),
3.38-3.59 4 b .. N& (ESI mz: 223 MrH). +] .. -,113 -
Sop 1 tesiandire o gt il B 4k Mefin it 4 dslainca
(trifluoroggesf yhssh &l azaSPIdPlA RO arde (20 ml), trifluyoroacetic

yl ] car bonyl | pyrrolidi ne-1-carboxyl ate he conpound obtained In Step 5
of Reference ikxamm en iwsd eathf Ul corpoursh ohtipidied iwe Step 5 of

Ref erence Exanple 2 was reacted in the same way as' in Step 1 of Reference
Exanpl e 3 tresggilve tdienisitde conpaund vsd aatpat oy el digve it urdHNVR (400 Mz,
DVMSO-d6, 100C) 8: 0.69-0.71 (2H, m), Hz), 1.28-1.32 (2H, m, 1.37 (9H s),
(1H, m, 3.3 .68 [El-gaahiorB.r8&(ute vEs)gorkdSverdhtiad (Ridler), 5.27 (1H,
d, J=54.0 Hz). M5 (ESI) mz: 460 [(M+Na)+]. Step 2: '
(65)_7_[(4R)ed41qqudy@q_s%| yehers-thet hgels Ydue obtained was diluted
(trifluoroacetyl)-4,7-di azaspirof 2. 5! oct ane The -conpound obtained in
Step 1 aboVve MALHERERFT fiiche Wyt S I Rtegs 2 BEe meT eFRHEEN Exanpl e
3 togive the title co und as a pale yellow oi|. 1H NVR (400 MHz,

DVSO- d5, 13%)‘6)5‘%?“&%%[%?1#l(%‘H,a’}FF,S&lt.F{rzaf(%‘i—a,bﬁ%n%96}% 50 W&y (1H, dd,
J=17.0, 7. . 1.49 (1H _dd, J=17.0, 7, 2.01-2.24 (2H, . 2. 65-
2.68 (1H, r]%r,a%f?o%-]?‘.yfg(wﬁi drﬁ{e%.°4vﬁ%.aéih3(|%‘%ﬁ€u%“}a%ﬂegﬁw- S_LI‘PZI{T‘;-ﬂ?'lH,
brs), 4.08 q(H sduvedtl 8 dH2vard 86+ , t =556, 4.5
Hz). Reference SExavrrpl_te 6 St g;pl:&%e%ﬁg%éﬁern%%qfﬁﬁ%ﬁé_%rg and T

{[ (benzyl ox38GalRomH J AR W Ipronyd 4 o honyild s Dal ani hate, Met hyl

N- benzyl - D-al ani nate i nstead of methyl Nbenzyl-L-alaninate was reacted in

the sane waghrasndtofighyl [@ftHhef erence Hamdms ¥ £ o1 gi ver the tid | e conpound
as a colorless oil. 1H NWR (400 MHz, CDC13) 6: 1.07 (2H, brs), 1.36 (3H, d,
J=7.1 Hz), otivA3 t(H,tibrls) ,ccBm@mhin(BH,0.98 o). 404, 5% (dlhba1g ,yell Bdw (1H, d,
J=17.4 Hz), 4.87 (1H, d, J=17.4 Hz), 4.98 (2H, s), 5.12 (1H, brs),
7.20-7.32 (CHOH, m).

MS (ESI) m/z: 380 [ (M+H)'].

_Reference Example 14

e N
> - . >Q<1
O H H 2HCI

4,9—diazadispiro[2.2.2.2]decahe dihydrochloride
A borane-tetrahydrofuran complex (1.02 M
tetrahydrofuran solution) (41 ml, 41.6 mmol) was added

dropwise to a tetrahydrofuran (20 ml) solution of 4,5-



M5 (ESI) mz: 411 [(MtH) +]. Step 2: _
(6R)-7-benzyl-6-nethyl-4, 7-di azaspi ro[ 2. 5] octane- - 115 - The
conpound obtained in Step 1 above was reacted in the sanme way as in Step 2
of Reference Exanple 2 to give the titll38 econpound as a colorless oil.

1H NMR (400 MHz, CDC13) 8: 0.97-1.03 (2H, m), -1.34-1.41 (2H, m, 1.47 (3H
d, J=7.1 Hz), 1.81-1.88 (1H, m, 4.06 (1H, d, J=14.9 Hz), 5.19 (1H d,

J=14.9 Hz) 4167441k HIOQQSE 2(228eladd €5Ho @hon@tQQ 39 ﬁ
(6R) - 7-benzyl- 6- net hyl - 4, 7- di azaspi r o[ 2. 5] oct ane e conpound obt ai ned

in Step 2 ahove mﬂﬁe&eaﬁbedobmlh@ea&@”&h@@ytﬁé irBsQuepnd afixReference
Exanple 2 to give the title conpound as a colorless solid. 1H NVR (400 MHz,

CDC13) 5: @a30hBad@d(2H, ref]luf. 48+r01615( Bburg)., UetbandH, @0 436.3 Hz),
1.58 (1H, brs), 2.12 (1H d, J=11.5 Hz), 2.25-2.33 (2H n), 2.73 (1H, dd,
J=13.1, 9.8akzpdd2do0o(tHe ddaci+®3. mix3u@eHznhde3d. i5e( tHoldng)=1Be4 Hz),
4.08 (1H d, J=13.4 Hz), 7.20-7.33 (5H, m). Step 4:

(6R) - 7- benf?fuétﬁﬁﬂh?1xﬂu€?rWﬁﬁuéﬁééé@ﬁyipr46@ mdingzgspieng] 2h8hothane
The conpound_obtained in Steg 3 above was reacted in the same way as in
Step 4 of REFEFBhcHEXSRPFEN2TRLSi VBIEHRe TEAHFECBAESEHESas ETEENGA! ess

L A0 . RO 0,0 G002 O M 20 (050 1 He)
g}kuzggé) ﬁédéé QéHt?%Hréalégélgéﬁﬁ%ﬁeél %ég r%%u&%ﬁngnylxture L .76 (1H,
heated to reflux for 4 hours and then the solvent was

concentrated under reduced pressure. The residue
obtained was dissolved in tetrahydrofuran (20 ml),
triethylamine (4.3 ml, 31.2 mmol).and di-tert-butyl
dicarbonate (6.80 g, 31.2 mmdl) were added under ice
cooling and the resulting mixture was stirred at room
temperature for 14 hours. The solvent was concentrated
.under reduced pressure and the residue obtained was
diluted with ethyl acetate, washed with aqueous solution
of saturated ammonium chloride and_saturated brine, and
then dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced'préssure, trifluoroacetic
acid (20 ml) was added to a.chloroform {20 ml) solution
of tﬁe residue obtained and the resulting mixture was
stirred at room temperature for 1 hour. The solvent was
concentrated under reduced pressure, 4 N hydrochloric
acid/dioxane (50 ml) was added to the residue obtained
and the resulting mixture was stirred for 2 hours. The

solvent was evaporatéd under reduced pressure, diethyl

ether was added to the residue and the deposited solid



- 116 - Step 5: (6R)-6-nethyl-4-(trifluoroacetyl)-4,7-

di azaspi ro[ 2. 5] oct ane hydrochl ori de The conpound obtained in Step 4
above was reacted in the sane way as in Step 5 of Reference Exanple 2 to
give the title conpound as a colorless solid. 1H NWR (400 MHiz, DVSO- c4,

700) 6: 0.93 (1H, brs), 1.17 (1H, brs);°71.24-1.30 (1H, m, 1.34 (3H, d,
J=6.3 Hz), 1.40 (1H, brs), 2.89.(1H, d, J=12.0 Hz), 3.14 (1H, brs),
3.40-3.46 (2H, n), 4.04 (1H brs), 9.84 (2H, brs). Ms (ESI) mz: 223

[ (MeH) +] . REfSe rénide Ye ﬁltragtl@@ 1o t&Hrge [j'{h%”tltle compound
(2S,4R)-4-1| uoro 2- 9[71(06R) 6- met hyl :
(trifluoroaddetiP)d 4 °24i Fashi lﬂscfcb‘io?lld

I bonyl, I - - b te d obt d St 5
Zf]%ﬂe?%ca ks Ebatime  BHOSHS 1 &on%uhwoﬁﬁf’%@ T B

Ref er ence | e act a tep 1 of Reference
Eﬁﬁ”& Jzé,\%stl{g 360111 cf ds 2 ‘col or gzs’ol

Exanple 3 to di v€ the 't corrpoun d. 1H NMR (400 MHz,
DVBO- d6, 1QRC) (x&i1)0468-.0.24% (| (2(]I§lj - 117 - St ep 2:

(6R) -7-[(4R) - 4f|uoroLproy 6n'ethy1 4- ' -
(trifluoroacetyl)-4, 7-di azaspi ro[ 2. 5] oct ane The conpound obtained in

Step 1 above was react ed in the sane way as in Step 2 of Reference Exanple
3 to give tRefdrdrce Exgapurd 185 a pale yellow oil. 1H NWVR (400 MHz,
DMSO- d6, 10000) 8: 0.67-0.73 (1H, , 0.86 (1H, brs) 1.12 (3H, d, J=5.9

Hz), 1.28 (1H, dt, J=12.4, 50?2 14;9 (1H, dt, J=12 4.F5.2 Hz),
1.94-2.22 m, 3)13 H ddd, J=326N 13.0, m, 392( brs), 4.04-4.06
(1H, (1H, dt'>' 436PH22 Re‘f’g ence Exarmbe 8 St 1. nethyl
(25)-2-1benzyl P(1

{[ (benzyl oxy) caPBgmyl ] am nol cycl opr car bonyl ] am nG6l¥N 1anoate - 118 -
Met hyl (2S)-2-(benzyl am no) but anoat e | gtFrgad of met hyl Nb’béﬁzyl -L-al ani nate
was reacted in the same way as in Ste[?l of Reference Exanple 4 to give the

title conpound as a colorless solid. 1H NVR (400 MHz, DMBO d6, 90C) 8: 0.70
(3H, t, J=7.4 Hz), 0.83-0.89 (1H, m, 1.00-1.06 (1H, n), 1.09-1.16 (1H, m,

1.30-1. 37 N 8 L8392 (1 , 2.87-2.92 (1H,
3. 48 (3H gs)Jt%pJ%ot%fr%ebgultgﬁ Er)% 4@%4 K 1%%0# i15[%9 HZ), 5.00 (2H,(q, "

J=12.1 Hz),(thiklubr33 LIQH) Jﬂ,9;61Q545H§pﬂ¥6w2.2.2.2]decan—4—

yl]carbonyl}pyrrolidine-l-carboxylate
Diisopropylethylamine (1.15 ml, 6.60 mmol) and
(benzotriazol-l-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (1.14 g, 2.20 mmol) were added to a
dimethylformamide (10 ml) solution of (4R)-1-(tert- |
butoxycarbonyl)-4-fluoro-L-proline (466 mg,.2.00 ﬁmol)
and the cdmpound (422 mg, 2.00 mmol) obtained in
Refe;ence Example 14 under ice cooling. The resulting
mixture was stirred at room temperature for 19 hours and
then the reaction mixture was diluted with ethyl acetate,
washed with an aqueous solution of saturated ammonium
chloride, saturated aqueous sodium bicarbonate solution,
and saturated brine, and then dried over anhydrous sodium

sulfate. The solvent was evaporated under reduced



Ms (ESI) mlz: 425 [(M+H)+]. Step 2:

(6S)-7-benzyl-6-ethyl-4, 7-di azaspi ro[ 2. 5] oct ane5, 8- di one The conpound
.obtained in Step 1 above was reacted in the same way as in Step 2 of
Ref erence Exanple 2 to give the titl_e1 ound as a colorless solid. 1H NWR

(400 MHz, CDC13) 8: 0.93-0.98 (2H, m, 0.99 (3H, J=7.4 Hz), 1.35-1.40 (1H,
m, 1.79-1.86 (1H, m, 1.91- 1.97 (2H, m, 3.90 (1H t, J=5.4 Hz), 3.94
(1H, d, J=14.9 Hz), 5.35 (1H, d, J=14.9 Hz), 7.25-7.36 (5H, m, 7.39 (1H,
brs). M ( BSEFSHEE: gggn[@W@Hygpidg@e@byained was dissolved in
(6S)-7-benzyl-6-ethyl-4-(trifluoroacetyl)-4,7- dLazaspir%éz.S]octane

The conpoufdCEBLEPAESPReSH &) Plabaie wad atdwdedd nen he sate ieyPlas in
Step 3 of Reference Exanpl e and then - 119 - ' the conpound obtai ned was
reacted i n"{'Re’ s4ARe s i%féFéplEeoFoﬁ@F@ﬂén5é%é%%ﬂHQ§9?tﬂ§ give the

title conp | arl ess ai ., 1H (400 , Q- d6, Q0) 80:

0. 65-0. 70 %ﬁﬁ?’d%#%o?@s?& 53 H,Ooninfnogvgfaﬁsﬁ,d%u%f ﬁ?)s,ﬁ%]{%&ll. 23
(1H, m, 1 3 H rol. 66- , 3 4 2.38-2.45
(2 m TH3TCER "6 TALrE ey, 3R R R Ry s b A e 351, 7
Hz), 3.97 ¢hbn @helTk3c? 12) miktl8=/wd3 Q%Hce%kméﬁéérﬁﬁd%% Hdudds M5
(ESI) mz: 327 [(MtH)]. Step 4: (65)-6-ethyl-4-(trifluoroacetyl)-4,7-

di azaspi r op2eskoetandihydedchliohi dehyl acetheGorpeurd @attai ned in Step 3
above was reacted in the sane way as in Step 5 of Reference Exanple 2 to

gi ve the tatiheoccsnpolund ias afcshoulressds@mmdn il NVR (4 Mg, DVSO- d5,
90C) 6: 0.89-0.94 (1H, m, 0.99 (3H, t, J=7.6 Hz), 1.16-1.21 (1H,

1.25-1.31 EeHurgfedibaine, 48nd1ghen) driegbovezs apbdngs Boddum 85 (1H, m),
2.86 (1H, d, J=12.9 Hz), 3.24-3.32 (1H, m), 3.37-3.44 (1H, e& 3.45 (1H, d,
J=12.9 Hz) Sudipses. 14he1RCLpNEVBREESVRPRIE At eg3 IOdEm HEAuceRef er ence
Exanple 9 - 120 - Step g: tert-butél (2S,4R)-2-[[(6S).-.6-et hyl-4-

f | uor oREECY LY €4 3294itREaLFPOES. BRSc P F A IECaNorytica gel

uor opyr

i
|  di ne- 1- |
hl or o- Nch%lmg'r frlﬁét‘ljﬁ‘%ﬁ%%?é%%teﬁi}rélﬁixﬁ‘é‘e(’6.@%’ h2ce3358 mdi’)t was added to

a di chl oronet/hane. (8 lLut.i. @R _of °
(4R)-1-(teg?/gﬁ€o§§cggh§n§%f-5}?FSOF8?EPBP€|#ﬁé9(§§b ﬁ&f’z?ﬁsanﬁﬁﬂf under.
ice coolinge1The kesulting mxture was stirred at the same tenperature for
1 hour, then the conpound (730 ng, 2.68 mmol) obtained in Step 4 of
Reference Exammke(Soendui!iglibylam ngde,)78.m . 15-283amph hyvepe added and
the resulting mxture was further stirred at roomtenperature for 3 hours.
The reacti @nodi XtLdr, edwas Jeisbuted 7wt Hz¢hl ar.af3orimHand )t he .erganie® | ayer was
washed with saturated agueous sodi um bi carbonate sol uti on and saturated
bri ne and dbHedmoved .drhydHous ) sodi- G JdH, atde. JTHYd .QoHezeént was evapor at ed
under reduced pressure and the residue obtained was purified by silica gel
col um chrMﬁaﬁgéﬁépwyzfnﬂﬁéxéﬁﬁfgﬁhy]-acetate = 2:1 (v/v)] to give the
title conpound (780 ng, 77% as a colorless solid. 1H NWVR (400 Mz,
DVSO-d6, 90C) 5: 0.67-0.73 (2H, m, 0.83-0.88 (3H, m, 1.29-1.33 (1H m,

1.39 (9H, , 1,45- 1. H 2.07-2.17 -(1H, o-2.43-2.47 (1H, ,

3. 36- ( 3. 77§%§ﬂ, Ry ,_4‘2{.(%‘-) %ﬁé%lg)?ﬁ?‘ﬁf}’rﬁf.lfé-]g.j93é t?iﬁ,lur?)r,oa&ew 12’ TH, _ro?,
J=54.9 Hz). CESL),.mz: 2 +]l.. - 121 - St 2.

(69 6- ot hy 1 L FRR LA S0P 62 Sy P oy oros. P -
(1ri 7] uoroacet yi)e dedrndbagasont ol 2ed] P61 30y 1 apolBS,EOMPOLBALADE Al ned I n

Step 1 above was reacted in the same way as in Step érence Exanpl e
3 to give the thhkewa9mmaund 8scp ©0bLGr Re3% r2QlkdExample 3 tngfve

(tr
4-f
1-c

1H NVR(400MHz, DVSO- d6, 90C) 8: 0. 66-0. 75(2H, m,0.83 (3H,t,J=7.2 "
the title compound as a pale yellow solid.

'H-NMR (400 MHz, CDClz) &: 1.08-1.23 (8H, m), 2.13 (1H,
s), 2.63 (1H, s), 3.67-3.73 (5H, m), 5.16 (1lH, s), 5.41
(1H, d4, J=53.5 Hz), 5.91 (2H, s).

-MS (ESI) m/z: 350 [(M+H)'].



1.24-1.31 (1HmM, 1.43-1.53 (3H, m, 1.96-2.08(1H, n),-2.16-2.32 (1H m,
2.67-2.74 (1H, m, 2.91-2.99(1H, m, 3.38-3.57 (4H m, 4.05-4.16 (1H,
4.43-4.53(1H, m, 5.24(1H d,J=56.1 Hz). MS(ESI)m z: 352 [(MtH) +] .
- 134 -
Reference Example 16
F

O . (Y]] N
. {3 &
o’fCFa O)"CFS
Step 1: tert-butyl (2S)-4,4-difluoro-2-{[(6S)-6-methyl-4-

(trifluorocacetyl)-4,7-diazaspiro[2.5]oct-7-
yllcarbonyl}pyrrolidine-l-carboxylate
1-(tert-butoxycarbonyl)-4,4-difluoro-L-proline
instead of (4R)—1f(tert—butoxycarbgnyl)—4—fluoro—L—
proline and the compound obtained in Step 5 of Reference
Example 4 instead of the compound obtained in Step 5 of
Reference Example 2 were reacted in the same way as in
Step 1 of Reference Example 3 to give the title compound
as a colorless solid.
'"H-NMR (400 MHz, DMSO-dg, 80°C) &: 0.72 (2H, brs), 1.11
(3H, brs), 1.25-1.29 (2H, m), 1.38 (9H, s), 1.48 (1H,
brs), 2.21-2.33 (1H, m), 2.87 (lH, brs), 3.02-3.10 (2H,
m), 3.54 (2H, brs), 3.65-3.75 (1H, m}, 3.79-3.87 (1H, m),
4.64 (1H, brs).

MS (ESI) m/z{ 456 [ (M+H)'].

Step 2: (6S)-7-(4,4-difluoro~L-prolyl)-6-methyl-4-

(trifluorocacetyl)-4,7-diazaspiro([2.5]octane



Ref erence Exanple 10 Step 1: nethyl (2R)-2-{benzyl[(1-

{[ (benzyl oxy) car bonyl ] am nol cycl opr opyl ) car bonyl ] am nol bu tanoate Met hyl
(2R) - 2-(benzyl am no) but anoat e i nstead of nethyl N-benzyl-L-al ani nate was
reacted in the same way - 122 - as i n][3$}E ep 1 of Reference Exanple conpound
as a pale yellow solid. 4 to give the title 1H NVR(400 MHz, DVBO d6, 90C) 6:
0.71 (3Ht, J=7.4 Hz), 0.85-0.90 (1H, m, 1.02-1.08 (1H, m, 1.11-1.16 (1H,

n)’ The compound obtained in Step 1 above was feacted in
the same way as in Step 2 of Reference Example 3 to give
the title compound as.a colorless oil.

'"H-NMR (400 MHz, DMSO-dg, 80°C) &: 0.70-0.74 (2H, m), 1.11
(3H, d, J=6.6 Hz), 1.23-1.29 (1H, m), 1.45-1.51 (1H, m),
2.32-2.45 (2H, m), 2.92-3.08 (2H, m), 3.16-3.26 (1H, m),
3.56 (3H, brs), 3.88 (1H, brs), 4.02-4.07 (1H, m), 4.64
‘(lH, brs).

MS (ESI) m/z: 356 [(M+H)'].

Reference Example 17

Step 1: tert-butyl (2S5)-4,4-difluoro-2-{[(6R)-6-methyl-4-
(trifluoroacetyl)—4,7—diazaspiro[2.5]—oct—7— |
.yl]carbonyl}pyrrolidine—l—carboxylate
l1-(tert-butoxycarbonyl) -4, 4-difluoro-L-proline

instead of (4R)—1—(tert—butoxyéarbonyl)—4—fluoro—L—
proline and the compound obtained in Step 5 of Reference
Example 6 instead of fhe compound obtained in Step 5 of
Reference Example 2 were reacted in the same way as in’
Step 1 of Reference Example 3 to give the title compound
as a colorless solid.

'H-NMR (400 MHz, DMSO-d¢, 100°C) &: 0.72 (2H, brs), 1.11
(3H, brs), 1.25-1.31 (2H, m), 1.38 (9H, s), 1.46-1.52 (2H,



1.32-1.38 (1H, m, 1.59-1.68 (1H, m, 1.84-1.93 (1H m, 3.49 (3Hs),
4.30-4.38(1H, m,4.49-4.57(1H, m,4.65 (1H, d,J=16.1 Hz), 5. 01(2H,
q,J=12.2Hz),7.18-7.34 (10H, m,7.77 (1H brs). M5B (ESI) mz: 425 [(MH) 4] .
Step 2: (6R)-7-benzyl-6-ethyl-4, 7-di_azagpiro[ 2. 5] octanes, 8-di one The
conmpound obtained in Step 1 above was reacted in the sane way as in Step 2
of Reference Exanple 2 to give the title conpound as a colorless solid.

1H NVR( 400MHz, CDC13) 8: 0. 93-0. 98(2H, m), 0. 99(3H, t,
J:7.6Fé),1?@5-%:@5(%ﬁﬁw}Pf?é@-f?@@(%hﬁ@)ﬂﬂ. 1)y, g8 YH2H, brs),

3.64-3.86 (3H, m), 4.82 (1lH, brs).

MS (ESI) m/z: 478 [(M+Na)™'].

Step 2: (6R)—7—(4,4—difluoro—L—prolyl)—6-methyl—4—
(trifluorocacetyl)-4,7-diazaspiro[2.5]octane s . .

The compound obtained in Step 1 above was réacted in
the same way as in Step 2 of Reference Example 3 to give
the title compound as a colorless oil.

{-NMR (400 MHz, DMSO-ds, 100°C) &: 0.66-0.83 (2H, m),
1.10 (3H, d, J=6.5 Hz), 1.22-1.28 (1H, m), 1.44-1.51 (1H,
m);'2.23—2.46 (2H, ﬁ), 2.92-3.01 (2H, m), 3.22-3.26 (1H,
m), 3.43-3.60 (3H, m), 4.14 (1H, brs), 4.61 (1H, brs).

MS (ESI) m/z: 356 [(M+H)'].

- Reference Example 18

S .'H'g: Step1. Q Step 2 O\ o Step? Q
L —— gt — =3, Lo — 3l o
T

o/l
? (o)

Step 1: methyl N-benzyl-O-tert-butylserinate



m, 3.89 (1H, t,J=5.2Hz),3.94(1H d,J=14.9 Hz), brs). 5.35 (1H, d, J=14.9
Hz),7.25-7.35(5H,m, 7.51(1H, MsS (ESI) nlz: 259 [(M+1)+]. Step 3:
(6R)-7-benzyl-6-ethyl-4-(trifluoroacetyl)-4,7- diazaspiro[2.5]octane
The conpound obtained in Step 2 above reacted in the same way as in
Step 3 of Reference Exanple 2 and then the conpound obtained was reacted in
the same way as in - 123 - Step 4 of Reference Exanple 2 to give the title
conpound as a colorless oil. 1H NVR (400 MHz, DWsO d6, 90C) 5: 0.65-0.70
(1H, m, 0.85-0Tg6ef2mMlamyre0.(§15(BL, €3 .9=Tmelpzpndl begzale@hytld, ),
1.46-1.53 (1H,.m, 1.66-1.75 (1H m), 2,31-2.36 (1H m 2 38-2.45 (2H m,
5510 iy 0 )

3.32 (1H, Fpd.)3 WEE S s |t pagthang (J3:Olol.(“?l)l—|z) ,ms. 9;27
1H, d, J=13.9 Hz), 7.18-7.23 (1H_.m, .7.27-7.31 (4H, . ES| z:
Vi) 4] SERR AN 61 TEbofty LA I Gy Fidrathior de

Chazash coldzehogane W ARAAN Arlfitne rogliS SRIPAUNG ODIASE LA 5P 3

above was reacted’in the sa way as I n 9] el erence a e2to

gi ve the tidd eceameunmd 8% 8 LHH e sd I d.g k- NMVR {40 DMSO- ds,
700) 5: 0.89-0.94 (IH- 1. 0.99 (3H, t,Lﬁ?ﬂ.Gsojl—‘%, 1 féb-%.%él%(elH, |

1.25-1.31 ((BH23my, BAD hundd )( Wds Bradudb-l aHddldnddr kel b Bhd 1H, M,
2.86 (1H, d, J=12.9 Hz), 3.24-3.32 (1H, nm, 3.37-3.44 (1H, m, 3.45 (1H d,
J=12.9 Hz) and. @6eh The IdsubtindSn(iESIYranwas 234 drdd-H)+]rodref er ence
Exanple 11. _ :

temperature for 2 hours. An aqueous solution of

saturated ammonium chloride (100 ml) was added to the

reaction mixture. After concentration under reduced

pressure, the residue was diluted with ethyl acetate and

the precipitéted insoluble matter was removed by

filtration. The organic layer was Washed with saturated

brine and then dried over anhydrous sodium sulfate. The

solvent was evaporated under reduced pressure to give the

title coﬁpound (15.3 g, 100%) as a colorless oil. |

'"H-NMR (400 MHz, CDCl3) &: 1.14 (9H, s), 2.09 (1H, brs),

3.44 (1H,rt,'J=5.0 Hz), 3.55-3.63 (2H, m), 3.70-3.73 (1H,

m), 3.72 (3H, s), 3.91 (1H, d, J=13.2 Hz), 7.23-7.38 (5H,

m) .

'MS (ESI) m/z: 266 [(M+H)'].

Step 2: methyl N—benzyl—N—[(i—
{[(benzyloxy)carbonyl]amino}cyclopropyl)carbonyl]—o—tert—
butylserinate

The compound obtained in Step 1 above instead of

methyl N-benzyl-L-alaninate was reacted in the same way



Step 10 0 - 124 - Step 1: tert-butyl (25,4R)-2-{[(6R)-6-ethyl-4-
(trifluoroacetyl)-4,7-diazaspiro[2.5]oct-7-yl]carbonyll-

4-fl uoropyrrolidine-1-carboxyl ate The conpound obtained in Step 4 of
Ref erence Exanple 10 instead of the c und obtained in Step 4 of

Ref erence Exanple 8 was reacted in the sane way as in Step 1 of Reference
Exanple 9 to give the title conpound as a colorless solid. 1H NWVR (400 MHz,
DVBO- d6, 10000) 8: 0.69-0.73 (1H, m, 0.76-0.84 (2H m, 0.93-0.98 (1H m,
1.30-1.38 @E3HimmStep 39 qoReigrencyfxpmpilq 241 -t gijve LIgs-2.108 (2H, m),
3.25- 3.61 (4H m, 3.66-3.77 (1H m, 4.00-4.07 (1H m), 4.58- 4.80 (2H
M), 5.25 (fAORPUTLSE & 1GALOMNSSSESOLid z: 474 [(MeNa)+]. Step 2:
(6R)-6-ethyl-7- %(4R%)-4-fl uoro-L-prolyl]-4- L

(trifluoroatel'yfx) {409- YHazaSifPrafs- 5%%(9)ar§e' 0.94-Ph@ cdifourd robt-&8ned in
Step 1 aboy reacted 4i n 4 a i, Step Refere Exanpl e
3 to give t(%w%t)l’ea‘é&er?g&d%cf Z(SZHZ prxgl’\g%yy'eﬁo Brhs’ols:a)d. 231%%5%%0%

DMSO- d6, 1QQ000); 5¢-Q. : H mMgo O 795 0. H, 1.24-1,32 (1H, m,
1.42-1.55 ?QH, 4rﬁ)51,6 %ggg (2)(.1%% ﬁﬁ, 4n')6:0 %1737 2(.13% ﬁl—'l, 42%8;3 2(.%1?{- %%’69 (1H, m,
2.91 (1H t=1=RHr)Hz),. B-07-03. 20H, 1) M7, 1F5-38-33 58 diBHm)N) .7 I8 7- 4. 09
(1H, m, 4.51-4.64 (1H, m, 5.23 (1H, d, J=55.7 Hz). M5 (ESI) mz: 352
[(MtH) +] . (1HL2Brs)Ref erence Exanple 12 Step 1: methyl N-[(1-

{[ (benzyl oxy) car bonyl ] am nol cycl opr opyl ) net hy1] - Dl euci nat e Met hyl

D- | euci nat &Shyd@sdohinoiz :det 8(32. [A31+g) “15. 1 nmol ),. zinc chloride (2.8 g, 20.5
nml ), and sodi um tri acet oxyborohydride (9.16 g, 41.1 nmol) were added to a
di chl oronet hane (200 m ) solution of benzyl (1- fornylcyclopropyl)carbanate
(3.0 g, 13.7 mml) _and the resulting m xture was stirred at room

t enper at ur 8 H&& 318 HEFILY ITive (rté‘éé?t‘i%éﬁ%%q}r@lvhé Concent rat ed under

reduced pressure, .th 2r§)ai due obtai ned was diluted with ethyl acetate and

washed wi t FSEATFATE e Sodi imPi ¢4 bonat e sol ution and sat ur at ed

bri ne and then rgani ¢ .l ayer .was dri aover _anhydr ous nmagnesi um
‘sulfate. The so#\ggn O@E?ﬁ%ﬁ%ﬁ%&%ﬁ uﬁaeggsgducg CBredsir §e3%5‘e hé"resi due
obt ai ned was, purifdi (A el t 80 - .ane: et hyl
acetate = 211 %\?/{/@)’ i%%tyg)égsisvlé1 %ﬁcée%t i2t I%ceH (%%ng{%ﬁ% g@%%&%ﬂ% pal e

yel Fow oi | the 126 & HRANMRA 40 Mds) GRELY) <51104.62-0.94 (4H m, 0.88
(3H, d, J=6.6 Hz), 0.91 (3H, d, J=6.6 Hz), 1.37-1.66 (2H, m, 1.70-1.77
(10 m, 2:A6ukH(do driD. Oobe), 2083 GiHo de-d=1a. Qo) o3 24161H, T,
J=7.4 Hz), 3.68 (3H, s), 5.08 (1H brs), 5.11 (2H s), 7.22-7.42 (5H m.
Step 2: net(®d, W[(1-.36-1.41 (1H, m), 1.77-1.83 (1H, m), 3.69 (2H,

{[ (benzyl oxy) car bonyl | am nol cycl opropyl ) net hy1l] - N- (t ert but oxycar bonyl)-D-1e
uci nat e dddrhe&=@éndourid cebt3ailnéit)i,n 3St%p (I Habdve dwess Ir éxdt,ed! iV t he sane
way as in Step 2 of Reference Exanple 1 to give the title conpound as a

col orl ess dilll, T NWR (406 2NHz 5 -E8C13)H8:d,0.964-40.97614)1H, 6 -4 (LHA8- 0. 97 (2H,
m, 0.87 (%H, d, J=6.6 Hz), 0.90 (3H, d, J=6.6 Hz), 1.32-1.40 (1H, m, 1.41
(9H, s), 1P48)1 67241H- 3% (2, 789-1.80 (2H, ), 3.00-3.19 (1H m), '

0 3.39-3.72 H, n 3.3 (3H, s), .3.74-4.18 (1H m, 5.03 (1H, d, J=11.7
Hz), 5.13 %H,(%I)ngff.'72%§),[(g §%—ué.(})8'(lH, m, 7.25-7.41 (5H, m). Step 3:
benzyl [1-(f(tert-butoxycarbonyl)[(1R)-1- (hydroxynethyl)- 3-

nmet hyl but yl ] am no} net hyl ) cycl opr opyl ] car banat e A tetrahydrofuran (30

m ). sol utiep9f s.he_gmpoung (128 Seurd+3R, MR )y obtained in Step 2 above
was added drggfvm se to a ?gtrah(y rofu .énn t?glo m) suspension of |ithium

al um num hydalde 18050 .6,] ob2.a2smlg-unger ice cooling and the resulting
m xture was stirred at the sanme tenperature for 1 hour. Water and 10%
aqueous clitric Trifluorocacetic acid (30 ml) was added to a
chloroform (50 ml) solution of the compound (10.5 g, 33.0
mmol) obtained in -Step 3 above and the resulting mixture

was stirred at room temperature for 1 hour and then

further stirred under heating at 40°C for 6 hours. The



- 127 - acid solution were added to termnate the reaction. Then, the
reaction mxture was diluted with ethyl acetate, washed with saturated
brine, and then dried over anhydrous magnesi um sul fate. The sol vent was
evapor at ed under reduced pressure and  t-he residue obtained was purified by
silica gel columm chromat ography [nhexane: ethyl acetate = 2:3 (v/v)] to
give the title conpound (1.26 g, 64% as a colorless oill. 1H NVR (400 MHz,
CDC13) 8: 0.69-1.01 (10H, m, 1.35-1.43 (1H, m, 1.44 (9H, s), 1.45-1.53
(1H, m), 1S5EVENE3WeBHCORKeng r@ged QodesHraguces B sy g 2ihan tH% 60 (1H,
‘brs), 7.24-7.38 ,%H, .m. Step 4: 4-benzyl ‘7-tert-butyl (6R)-6-isobutyl-4,7-
di azaspi r oFE 5|30 aRe X4 MFEdVEEr FORYIEAIEE ATt Re&RA tivtEishi e ti Iz igpn 5. 99

I d dii I [ b |, at 0.93 .m, 4 49 I dded t
Fol ubne. (10001 L C0GLaE, GRCof TEng SEORBBUNG S 265 3106 HAO. obt ained 1n -
Step 3 aboye under ige coaling and,t I%%tru%su.él th ng. m xt ure was gr adual l'y
returned to room tenperature %ni I"'e 'béing Stirr 6o 18 Houl's. Furt her

triphenyl pl}ﬁ%%@b@%aﬁ:%- 2619t 199 AnlMal) 1304 b HIANLOPHL AZAdILATRXY! ate .

(0.93 m mol ) were added and the resulting m xture was heated to
reflux for shnjeuoss HRGnESACH @M 1MtkUr € THaS sCARGEIH Rated wipdalsdduced
pressure and the residue obtained was purified by silica gel colum

chr omat ogr aphiy | r<hexade pethyluracehat e he rk28 dues cbithiev Wad 0 gi ve the
title conpound (0.57 g, 47% as a colorless oil. 1H NWR (400 MHz, 00013,
60C) 8: 0. #5x0.f54d( b, sijlice. @l Colimhldhromat®eBzot3H, d, 3=6.6 Hz), 0.86
(3H, d, J=6.6 Hz), 0.96-1.05 (1H, m, 1.21-1.62 (13H, m, 3.11-3.26 (2H,

m, 3.42 (A-hlerofern:geppnod, g9 101H, (&/vI31400 Hre thelgiflld s), 5.12
(2H, s), 7.23-7.39 (5H. m. Step 5: benzyl _

(6R) - 6- i soGMPPIRA7-(di-d2adpi Po[*2. FFoét §ﬁé@fé&5§0&ﬂl&@e hydr ochl ori de 4
N hydrochl gric aci d/ di oxane éS nl ). was added to a di oxane (10 % sol ution
of the compdudR (6487 ¥iza 48CTnbiY MuiHiHed § n(Blepila dboifs Lnffer i ce
cool i ng and.the_resul ti,ng mixture was gradual |y r rned to .00 .

t enper aturgl\t%ﬁi fné’bgi'ﬁé gt‘glrore( Hf’ofn 24%h§§r_§.'o¥he(%a %i’or?'r%lxt(mﬂé was
concentr at unrdenr _neduc pressune to give t he_tidl-e npeu

col orl ess s%gl'i 3.'@&e1‘4ér@gnggHExg§nﬁl e 13 (QHSt éjé Y. 1bse'nlz§)lczq P A

(6R) - 7-{[ (23S 4R1s11(Hent - hubexycanbqryl) m) .

4-f| uoropyrrolidin-2-yllcarbonyll-6-isobutyl-4,7-

di azaspi r oM3. SEGCH ang=z4- canbgxy+ateé] . - 129 - - The conpound obtained in
Step 5 of Reference Exanple 12 instead of the conpound obtained in Step 4
of Reference Exanple 8 was reacted in the same way as in Step 1 of

Ref erence Exanple 9 to give the title conpound as a pale yellow oil. 1H NWMR
(400 Mz, BvBO 86, 'tDOCERY8:-60.(44+t@r%9 (1H, n), 0.76-0.96 (7H, m, 1.04-1.58
(15H, m, 1.65-2.23 (1H, -m, 2.86-3.09 (2H, m, 3.17 (1H d, J=11.2 Hz),
3.34-3.80 P3Aylifimgtoyl) sfylvd ] oxyigezhydy -44.745-4.82 (1H, n), 5.03-5.39
(1H, m, 5.11 (2H, s), 7.28-7.45 (5H, .n). Step 2: tert-butyl

(2S, 4R) - 4- {15 Spé-r{’[[(?6§)] O§LeSEH Y Yr8LCOR £ 1 uor oacet y1) - 4, 7- di azaspiro[ 2. 5]
oct-7- yl]carbonyll rolidine-|-carboxylate 5% pal | adi um carbon (0. 10 -
g) was added to%ﬂ@%ﬁ%ﬁ f‘mfﬁapﬁf}gég?uﬁgh IB?’tﬁeggo 8blﬁdaf‘g]. 65 g, 1.25
~mmol ) obt ai i t - resul ting. myt ure v subj ected to
catal ytic rtggﬂ“c!tbiﬂgﬁlggmréggl&?;éz%%g%g%gggef (S)(lrzi %Q %dur:a)s{,z'il(bn(?hzlanvgﬁL drwoegrleen "
at mospher e, 4Hag ¢at al ¥3hetas 11RrRuRd dby (fl'Olgt rab %M&gﬁg%fcec!ﬂ te and then
the filtrate was concentrateéd under reduced pressure. The resi due obt ai ned
was di ssol veghpofindi ghl.asouet bane 81y bptdiingepriepyram ne abbvd Mnd 7. 52
mol ) was added and trifluoroacetic anhydride (0.53 m, 3.76 nmol) was
added underrieehgoahing. (Ehe masul3i. 00 mifioxh ur e Thas r@fsadwalngy migttwmred to
roomtenperature while being stirred for 2 hours and the reaction m xture
was concentest ed iumeer atedwoed tpmpesartareTier 46 dweraht aheed iwas di | ut ed
with - 130 - ethyl acetate and washed with saturated aqueous sodi um

bi car bonat &ageirut(R8A, ndQvraguesds deiter itheagied csdlont imant uared agat what ed bri ne
and then the organic |ayer was dried _over anhydrous nmagnesium sul fate. The
sol vent wa®Préfaperatred grdérd meguced lpréssuby, fiild reddicgue GBtEai ned was

di ssol ved i n _di chl or gnet hane %20 ), trifluagroacetic acid (10 m) was
added underfSil¢d CBGPILRGaMd St RS LiddGrtt PHg SHACEr §5tas oty ed at room
tenperature for 2 hours. The reaction mxture was concentrated under
reduced pressure, then the residue obtained was diluted with chl orof orm and
washed with saturated aqueous sodi um bi carbonate sol ution and saturated
brine and then the organic | ayer was dried over anhydrous nagnesi um

sul fate. The sol vent was evaporated under reduced pressure and the residue
obtai ned was purified by silica gel colum chronat ography [ethyl

. B N - o NN A o o



Ref erence Exanple 14 HOH OHH 2HCI 4, 9-di azadi spiro[ 2. 2. 2. 2] decane

di hydrochl ori de A bor ane-tetrahydrofuran conplex (1.02 M
tetrahydrofuran solution) (41 m, 41.6 nmol) was added dropwi se to a
tetrahydrofuran (20 m) solution of 4,9 - 131 -

di azadi spiro[ 2. 2. 2. 2] decane-5, 10-dione (1.70 g, ‘10.4 mmol ) under ice
cooling and then the resulting m xture was heated to reflux for 18.5 hours.
Met hanol (50 ml) was added to the reaction m xture under ice cooling, the
resul ting MOMeE ARESPEY rifsdergress thivduttsstat® theh it e /30llvdit was
concentrated _under redyced pressure, hanol_ (50 m ), ter (25 m), and
triethyl amine€ < Cfi%emt %r &RRGEG S d 817 rg(ESinSLFS G6t & FEECHHRES esul ti ng

m xture was ted to reflux for 4 hours and then the solvent was
concentrat éd under reduced pressure. The residue obtained was dissolved in

t et rahydrofiyr ( tri | aqm ) o3l ] an

di -tert-but §| ﬁﬁﬁci?%?n% (Za’(!é.sggy)g,agpﬁ).e'zdfmé@ wse)r’e cg,ddﬁ;gl 5LHr{deSf ice cooling
and the resulgtd NGy xhur @ was 1Stoigr reg aty)r oom4genperatune for 14 haurs. The
sol vent was concentrated under reduced pressure and the resi'due obtai ned
was di | ut ed .wiit h1et,hwl) ,acetoat-a,. owashkzed w)t,h aqueous:,selyt ixen 10f1 ,sat ur at ed
anmoni um chl ori de and saturated brine, and then dried over anhydrous sodi um
sul fate. The Ssdlzventd .\W@s (EHapat, atled Suriderz )r,educed @rtgssyr =15 F IHwr,0acet i c
acid (20 M) was added to a chloroform (20 m ) solution of the residue

obt ai ned and 2h€ -B8sulsting)rmi xt ure was stirred at roomtenperature for 1
hour. The sol vent was concentrated,under reduced pressure, 4 N hydrochloric
aci d/ di oxai® (EGIH 1/ \Fas 3ddddd™é)t he resi due obtained and the resul ting

m xture was stirred for 2 hours. The solvent was evaporated under reduced
pressure, diethyl ether was added to the residue and the deposited solid -
132 - was | | ected by filtration to give the title conpound (2.00 g, 91%
as a col or F6E8 Ll ﬁd%ﬁiyﬁ (%86%&, DVBO d6) 8: 1.02 (4H, t, J=6.5 Hz).
1.24 (4H, =6.43. 13- . 0424 s). M5 (ESI) mlz: 212

[ (M+H) +] . ngté/}gr@g‘é‘@%%ls‘eﬁi)(%‘}'éxy%%ng&%%ﬁt e4r’t7!_|but yl

(2S, 4R) - 4- diuened (9. s(iddhluor oacet y1) - 4, 9- di azadi spi ro[ 2. 2. 2. 2] decan- 4-
yl ] carbonyl | pyrrolidine-I-carboxyl ate Di i sopropyl ethylamne (1.15 m,
6. 60 mmol ) and thenzempbaral obt¥haxy) thi pyepoki dbaophasphesbufed in

hexaf | uor ophosphate (1.14 g, 2.20 mmol) were added to a di nethyl f or mam de
(10 M) solthtel ermef WedREpsl-ift Stieput3oxyc &dferehcadd Hdatgrle- 12 prolgine (466 nyg,
2.00 nmmol) and the conpound (422 ng, 2.00 nmmol) obtained in Reference
Exanpl e 14 tinedér tilee cooploung. aFhe ced@intliesg miidt.ure was stirred at room
tenperature for 19 hours and then the reaction mxture was diluted with

et hyl acet aleNMRashed MHth GRCagueoud .44 utiton of, bt atBY asnoni um
chloride, saturated a%ueous sodi_ um bi car bonat e solution, and saturated

brine, and %Reén%dried 26vem anfydrlads SSodidim Sulf &-&° T sAvert- 4das
evapor at ed ynder, reduyce - 133 -, pr ure, n e resjdye ,obtai ned was
di ssol ved i'rdi chi ?rj‘gﬁreﬁh%é'(%o% )ﬁzﬁd Yy i%ﬁyﬁta%% ( .4L566*2m4,5a4. 00 mol )
was added. After \ic ol i.ng, 4yiflyaroacetiL anhydyi (0, 2 , 2.00
mmol ) was a( é{éd&)Th%'%gsu(ll?]?néjdﬁiﬂégé%\%ag 'sfi@péd%tl%so(&%’t gjr?ger ature for
7 hours andriihen the seagtian g Xhur e pasygeneentnat ed qndery redyced
pressure, dilutéed wi'th ethyl ‘acetaté, Vashed w th 'dn ‘aqueous 'sol Uti on of
saturated ammnigymechl erziyde ;and sayr aled Lnine, and tHen dried aver
anhydrous sodium sul fate. The sol vent was evaporated under reduced pressure
and the resi,due1sas puni,fiecdiby .si7l i(Ga,gel) .col um chr omat ogr aphy _

[ n- hexane: ethyl acetate = 1:1 (v/v)] to give the title conpound (349 ny,
39% as a pu gBsd)| owzai I3471H-(MVR)(400 MHz, DMSO-d6, 100C) 8: 1.15-1.33
(18H, m, 2.04 (1H, dt, J=35.5, 7.0 Hz), 2.53 (1H, s), 3.59-3.69 (5H m,
4.97 (1H, s), 5.31 (1H, d, J=54.2 Hz). M5 (ESI) miz: 472 [(MtNa)+]. Step 2:
4-[ (4R)-4-fluoro-L-prolyl]-9-(trifluoroacetyl)- '

4, 9- di azadiS§FEr d[-2.72berzydedand [tert-The conmpound obtained in Step 1 above
was reacted in _the sane way as in Step 2 of Reference Exanple 3 tao give the
title compoltiydsiizeiad ety oy img t il MR (400 Ieroaaserd)) & . 08- 1. 23
(8H, m, 2.13 (1H. s),, 2.63 (1H, s), 3.67-3.73 (5H, m, 5.16 (1H, s), 5.41
(1H d, J= .ag(aﬁf)l,rozs[?g?f’](oﬂ—ti,“se). MBS (ESI) nfz: 350 [(MeH)+].



- 134 - Reference Exanple 16 Step 1: tert-butyl
(2S)-4,4-difluoro-2-{[(6S)-6-nethyl-4- :
(trifluoroacetyl)-4, 7-di azaspiro[ 2. 5] oct-7-

yl ] carbonyl | pyrrolidine-|-carboxyl ate _

1-(tert-butoxycarbonyl)-4, 4-difluoro-L-proline instead of
(4R)-1-(tert-butoxycarbonyl)-4-fluoro-Lproline and the conpound obtained in
Step 5 of Reference Exanple 4 instead of the congound obtained in Step 5 of
Ref erence ExanplBe2cq@pPeupdaebedinfdt he S&/P Waprayei Wast &gattel Ref er ence
Exanple 3 as a colorless salid. to give the title conpaound 1H NVR(400

MHz, DVBO- d62€86G8YF 82Y0 372 A8H5F9) 41 of1 Redigusinee £l e g to give
brs),2.21-2.33(1H, (2H . M, 2.87.1.38 (1H (9H, s), 1.48(1H,

brs), 3. 02- 30 zlﬁ,lemc,o?.p?&%,aﬁ@) padssed I Ofd - ) 3.79-3. 87(1H ),

?ég?_g}zz,3@3%?53@?@55&%;2{é@;éggﬁL§%%¥%L§:55?%pzk3H, s), 0.01 (3H,

(trifluoroaget yl)4.07¢& azaspiy)0l 2. RlOCtANe 5y, 0.85-0.90 (2H, m),
1.18-1.25 (1H, m), 2.28 (1H, d, J=11.7 Hz), 2.45-2.49 (1H,
m), 2.54-2.58 (1H, m), 3.34-3.41 (2H, m), 3.50 (1H, dd,
J=10.3, 7.8 Hz), 3.91 (1H, dd, J=11.5, 5.1 Hz), 3.95 (1H,
d, J=14.2 Hz), 4.03 (1H, d, J=14.2 Hz), 7.16-7.20 (1H, m),
7.24-7.28 (4H, m).

MS (ESI) m/z: 443 [(M+H)"].

Step 8: 6-({[tert-butyl (dimethyl)silyl]oxy}methyl)-4-
(trifluoroacetyl)—4,7—diazaspiro[2.5]octane

The compound obtained in Step 7 above was reacted in
the same way as in Step 5 of Reference Example 2 to give:
the title compound as a colorless solid.
'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.08 (6H, s), 0.76-0.80
(1H, m), 0.90 (9H, s), 0.91-0.94 (1H, m), 1.10-1.16 (1H, .
m), 1.36-1.42 (1H, m), 2.54 (1H, d, J=12.9 Hz), 3.04-3.00
(1H, m), 3;22—3.29_(2H, m), 3.66 (1lH, dd, J=10.4,.7.0 Hé),
3.74 (1H, dd, J=10.5, 4.9 Hz), 4.04-4.12 (1H, m).

MS (ESI) m/z: 353 [(M+H)'].

Step 9: tert-butyl (2S,4R)-2-{[(6R)-6-({[tert-
butyl (dimethyl)silyl]oxylmethyl)-4-(trifluorcacetyl)-4,7-
diazaspiro[2.5]oct-7-yl]carbonyl}-4-fluoropyrrolidine-1-

carboxylate (isomer A) and tert-butyl (2S5,4R)-2-{[(6S)-6-



- 135 - The conpound obtained in Step 1 above was reacted in the sane
way as in Step 2 of Reference Exanple 3 to give the title conpound as a
colorless oil. 1H NWR (400 MHz, DMSO-d6, 80C) 5: 0.70-0.74 (2H, m, 1.11
(3H, d, J=6.6 Hz), 1.23-1.29 (1H rr) %225 1.51 (1H, m, 2.32-2.45 (2H, m,
2.92-3.08 (2H, m, 3.16-3.26 (1H, 6 (3H, brs), 3.88 (1H, brs),
4.02-4.07 (1H, rr), 4 64 (1H brs) I\/B (ESI) mz: 356 [(M+H)+] Ref erence
Exanpl e 17 Ste t-butyl (2S)-4,4-difl uoro- 2 {[(B6R)-6-nmethyl-4-
(trifluor oe{ée[ttff)t l“?“’Fyéh 5%5.@]5%’&[ sigyld@xyimethyl) -4~

yI]carbonyIIp rrolidine-I|-carboxyl ate

1- (tert-but Si{}é&PSSH)?fftle él’9| Q&Ia&al_SPdTré?l i 2ne liordrday idcarbonyl } -
(4R)-1-(tert-huto carb nyl) - 4- f uor. L r e and t conpound obtai ned in
Step 5 of teir%éjr’?cé a?rp e}'1 § nSEE ea % Q&Sﬁﬁ“g&n%%obt ained in Step 5 of

Rof or ance Exanphe, 24686820 Ed; ot e §@ paypas i 0.Stenqls gwﬁﬁgf er ence

Exanple 3 to give t e conpound as a C Ior ess so 400 MHz,

DVEO- d6, 100GHo8ind0 tob 4l o ool <m, 1.38
(oH, s). 1@%@;)1% d F%%a(t%@d thbtn%) i (fsllfi’elf%rr%)éjrs E%H%Z% 8(9?3( Ay

3.53 (2H, ReS)kited 64- 3n86shal, wal, as. &%.@k@p hr 9. Q@idﬂaﬂdb @&émp@%B
[(MtNa) +]. Step 2: (6R)-7-(4,4-difluoro-L-prolyl)-6-nethyl-4-
(trifluoro&cenyilxhén7tdeamdgpure| 25Hdatsarecomers v adorgabuwad obt ai ned in
Step 1 above was reacted in the sane way as in Step 2 of . Reference Exanpl e
3 to give rkectlivedebyorspdind aslacedlorn eds ogialtoghidpVR([460
M-z, DMSO- d6, 100C) 8: 0. 66- 0. 83(2H, m) , 11083Hd m,2.23-2.46 J=6.5 (2H,
Hz) . 1. 22- 1hegapp etoylzagetater= G2, (Vi) Injto respectsved v2aizers

the title compounds as a colorless solid.

Isomer A: 'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.00 (3H, s),

0.01 (3H, s), 0.68-0.76 (1H, m), 0.84 (9H} s), 0.85-0.87

(1H, m), 1.23-1.30 (1H, m), 1.35 (9H, s), 1.40-1.45 (1H,

m), 1.99-2.16 le, mf, 2.31-2.49 (1H, m), 3.33-3.77 {(7H,

m), 4.12-4.28 (1H, m), 4.34-4.48 (1H, m), 4.60-4.76 (1H,

m), 5.206 (1H, d, J=52.7 Hz). |

MS (ESI) m/z: 590 [ (M+Na)™].

Isomer B: H-NMR (400 MHz, DMSO-dg, 90°C) 6: -0.01 (3H, s),

0.01 (3H,'s), 0.66-0.75 (1H, m), 0.83 (9H, s), 1.26-1.34

. (3H, m); 1.35 (9H, s), 1.74-1.96 (2H, m), 3.27-3.73 (7H,
m), 4.12-4.28 (iH, m), 4.38-4.52 (1H, m), 4.68-4.78 (1H,
m), 5.20 (1H, d, J=55.2 Hz).

MS (ESI) m/z: 590 [ (M+Na)'].

Reference Example 19



(1H, (1H, nm), 3.43-3.60 (3H, m,4.14(1H, brs),4.61(1H brs). M5 (ESI)nl z:
356 [(MHH) +] . Ref erence Exanple 18 Step 1: nethyl :
N-benzyl-0-tert-butyl serinate - 137 - Triethylamne (9.5 n, 68.0
mol ) and benzal dehyde (6.37 m , 6'3._01 |) were added to a met hanol (300
m ) solution of nmethyl O-tert-butyl-L-sérinate hydrochloride (12.0 g, 57.0
nmmol ) and the resulting m xture was stirred at roomtenperature for 6
hours. Sodi um borohydride (3.23 g, 86.0 nmol) was gradual |y added under ice
cooling and then the resulting m xture was stirred at roomtenperature for
2 hours. An—geeous\Fsol ution of saturate fmoni um chl oride (100 M) was
added to the rg’ayon m xture. After co tration under. reduced pressure,
t he resi due was luted with ethyl acetgde and the precipitated insoluble
matter was rermv gq\, filtration. The of ga‘w Mg | ayer was washed with

sat urat ed er.g}@ a hen dried over —as}byd S sodium sul fate. The sol vent
was evapor at#d undep-€Rduced pressutR to gi ¥eCRhe title conpound (15.3 g,
100% as a colorles® oil. 1H NVR (400 Mz, Ct:DClB) 6: 1.14 (9H, s), 2.09
(1H, brs), 3.44 (1H, t, J=5.0 Hz), 3.55-3.63 (2H, m, 3.70-3.73 (1H, m,
3.72 (3H, 3pRr)369%{(tHrtdpud7i3ddmEthyl s%& 113& (2 enPh ) - Mg (RS T z:
266 [(MrH) +]. St eé{g nmet hyl Yl\SbenzyI vy y i i MR (R

1[ (benzyl oxy¥ftavbonylbanigal eyel( Qmﬁmﬂb)cegat&:l@(tleO -t-ert but yl serinate

The conpound obtained in Step 1 above instead of nethyl

N- benzyl - Ldakanbpate [@aS]pesaned in the sane way - 138 -

The compound (isqmer A) obtained in Step 9 of
Reference Example\18 was reacted in the same way as in
Step 2 of Reference Example 3 to give the title compound

~as a colorless solid.
'H-NMR (400 MHz, DMSO-ds, 90°C) 8: 0.01 (6H, s), 0.66-0.79
(2H, m), 0.83 (9H, s), 1.20-1.31 (iH, m), 1.37-1.47 (1H,
m),-1.92-2.07 (1H, m), 2.09-2.26 (1H, m), 2.80-2.92 (2H,
m), 3.39-3.71 (6H, m), 3.98-4.18 (1H, m), 4.35-4.53 (1H,
m), 5.22 (1H, 4, J=55.4 Hz).

MS (ESI) m/z: 468 [(M+H)'].

Reference Example 20

7 J”j wel
— IR
\ %<
—SrO »_ —Si0 N}—CF
CF -
0o 3 7& (0] 3

F

(6S)-6-({[tert-butyl (dimethyl)silyl]loxylmethyl)~-7-[ (4R)-
4-fluoro-L-prolyl]-4-(trifluorocacetyl)-4,7-

diazaspiro[2.5]octane



as in Step 1 of Reference Exanple 4 to give the title conpound as a
colorless solid. 1H NWR (400 WHz, DVBSO d6, 90C) 8: 0.94-0.97 (2H, m, 0.98 .
(9H, s), 1.16-1.24 (2H, m, 3.53 (3H, s), 3.63-3.72 (2H, m, 4.46-4.53 (1H,
m, 4.60-4.70 (1H, m), 4.83 (1H, d, ﬁxsil 3 Hz), 4.94-5.01 (2H m,
7.16-7.35 (10H, ), 7.66 (1H brs). {“Esu mz: 483 [(MrH)]. Step 3:
7-benzyl-6-(tert-butoxymethyl)-4,7- diazaspiro[2.5]octane-5,8-dione

The conpound obtained in Step 2 above was reacted in the same way as in
Step 2 of Refer dh€e cRr@eping 2 itsemgiry &)t e tta itrjeed danpdierd afa col orl ess
solid. 1HNWR (400 MHz, CDC13, 50C) 5: 0.88-0.97 (2H " nj,; 1.15 (9H, s),
1.36-1. 41 (Pﬁ—ferrﬁncel ExAamp I3 k%wa%re%c%@i(lzm tRRISANE 2% 29 5 3.1 Hz),

3.96 (1H, t 4. 07 5.1 Hz 5.29 (1H, d, J=14.9 Hz
6. 64 ElH bsrts%p 32 4 PRI QTE %l%amw (%SH %e Bl TJ%M% BEiTROURY ep 4)
7-benzyl- 6- a(J‘yadré%?(ld(}FJ(% rﬁ‘fl iy diazaspiro[ 2. 5] octane-5, 8- di one

Trifl uoroacetic aci was added to a chl oroform(50 n1) sol ution of

t he conmpoung _ 55%0 §I§lzé %F@b) (Igbt %g@d 3 n OStdalp bove ktﬁ {Besul ting
room

m xt ure was stlrr éturefor 1hour rfds[Hen’f er-stirred
under heati qg:,atm)40Q faor @mOLgs They -1, 489(5@) vent wesgcongent{@t ed under
reduced pressure, ‘then the reaction mxture was subj ected to azeotropl C.
distillation wii.tsd-o uehe(znd nhe 7658 uesovasiigj It ech vesp eshyl 1acet at e,

t hen washed wlth sat urat ed aqueous sodi um bi car bonate sol uti on and
saturated bwine . Gnd .drd edlfover) arhyily-olis7 aghesinm sul §zte. 1 The2spol vent
was evaporated under reduced pressure and the residue obtained was purified
by silica gel: colifint cﬁﬁo@éirog?aph%/ Jlehl Vtofdr Rt handt) = 15:1 (v/v)] to
gi ve the t|tIe conmpound (7 83% as a colorless solid. 1H NWR (400
‘MHz, CDC13M8: (5P 196 1. %06 4(62%4 &5 )1)36-1.42 (1H, m), 1.74-1.80 (1H ),
298305(1H m, 3.91 (1H, s), 3.91-4.00 (1H, m, 4.11 (1H, d, J=15.1
Hz) 5.28 (1H, d, J 15.1 Hz), 7.25-7.42 (6H, m). Ms (ESI) mz: 261

[ (MtH) +] 6-ff [tertbutyl (dimethyl)silyl]oxylmethyl)-4,7-

di azaspi ro%eeﬁ%]r% Caene %]1 oénle 4- di met hyl am nopyri di ne (660 ng, 5 00
nmol ) and tert-butyl di met hyl chl or osj
a dinmethyl formaffige (100 m) soluti

ane (4.90 g, 32.0 mmol) were added to -
of the compou (7. NS g, 27.0 mol)

obt ai ned in St.e above n trle ine (4.5 m, 0 ). The
resul ting m S r'@o tgnper for 16 "NOUWTrs, then ice
_wat er (200 ded to the r eacth m xture and thg*@r eci pitated
solid was coIIectS yflltratlon The~gol i d obt ai ned \Naf\purified by
silica gel colum™ -"3140 - chromato hy [ n- hexane: et hyl acetate = 3:1
(v/iv)] to glvethetltle opnd(8 639 85%Fasacolorless sol i d.
1H NVR(400 MHz, 00013) H s),0.0 N 0.89(9H, s), 0.91-1.00 (2H,
m, 1.40-1.46 (1H, %
Step 3 N
o 7§ °’=°
N X

-Stép 1: tert-butyl 7—benzyl;6—({[tertf
butyl (dimethyl)silyl]loxy}lmethyl)-4,7-
diazaspiro[2.5]octane-4-carboxylate

The compound obtained in Step 7 of Reference Example
18 was reacted in the same way as in Step 2 of Example 1

and then reacted in the same way as in Step 2 of



, 3.90-3.94 (2H, m, 4.00 (1H, dd, J=11.1, 3.5H)
), 5.32 (1H, d, J=15.1 Hz), 7.25-7.38 (5H, m).

- 145 -

Reference Example 1 to give the title compound as a
colorless oil.

'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.00 (6H, s), 0.39-0.46
(1H, m), 0.60-0.70 (2H, m),.0.84 (9H, s), 0.97-1.02 (1H,
m), 1.35 (9H, s), 2.16 (1H, d, J=11.7 Hz), 2.27 (1lH, d,
J=11.7 Hz), 3.08 (1H, dd, J=12.9, 8.3 Hz), 3.32 (1H, d,
J=14.2 Hz), 3.49 KlH, dd, J=iO.5, 6.6 Hz), 3.79-3.88 (2H,
m), 3.95 (1H, d, J=14.2 Hz), 7.13-7.16 (1H, ﬁ), 1.21-7.27
(4H, m). |

MS (ESI) m/z: 447 [(M+1)]".

Step 2: tert-butyl 6-({[tert-
butyl (dimethyl)silylloxylmethyl)-4,7-
diazaspiro[2.5]octane-4~carboxylate

The compound obtained in Step 1 above was reacted in
the same way as in Step 5 of Reference Example 2 to give
the title compound as a pale yellow oil.
'H-NMR (400 MHz, DMSO-d¢, 90°C) &: 0.06 (6H, s), 0.48-0.57
(2H, m), 0.78-0.83 (1H, m), 0.89 (9H, s), 1.14-1.20 (1H,
m), 1.40 (9H, s), 2.16 (1H, d, J=12.5 Hz), 2.62-2.68 (1H,
m), 2.75 (1H, dd, J=12.5, 10.0 Hz), 2.96 (1H, dd, J=12.5,.
2.0 Hz), 3.47 (1H, dd, J=10.1, 6.2 Hz), 3.54 (1lH, dd,
J=10.0, 5.1 Hz), 3.87 (1lH, dd, J=12.5, 2.9 Hz).

MS (ESI) m/z: 357 [(M+1)]".

Step 3: tert-butyl (6R)-7-({(28,4R)-1-
[ (benzyloxy)carbonyl]-4-fluoropyrrolidin-2-ylcarbonyl)-6-

({ [tert-butyl (dimethyl)silyl]oxylmethyl)-4,7-



M5 (ESI) mz: 375 [(MtH)+]. Step 6:

7-benzyl-6-(1[tertbutyl (di nethyl)silyl]oxylnethyl)-4,7-

di azaspi ro[ 2. 5] oct ane The conpound obtained in Step 5 above was
reacted in the same way .as in Step 3 ofgdfeference Exanple 2 to give the
title conpound as a colorless oil. 1H NVR(400MHz, CDC13)8: 0. 05(3H, s),
0.06(3H,s), 0.31-0.38(2H, m, 0.51-0.59 (2H, m,0.89(9H,s),2.23 (1H d,
J=11.7 Hz), 2.30(1H d, J=11.7 Hz), 2.40-2.45 (1H, m, 2.81 (1H,
dd’J:l3_21g@@ﬁffp%§pﬂ@.éﬂﬂqﬁﬂne—_:Eﬁggoxylate (isomer A) and tert-

butyl (6S)-7-({(2S,4R)-1-[(benzyloxy)carbonyl]-4-
fluoropyrrolidin-2-ylcarbonyl)-6-({[tert-
butyl(dimethyl)silyl]oxy}methyl)—4,7—
diazaspiro{2.5]octane-4-carboxylate (isomer B)

The compound obtained in Step 2 above instead of the
compound obtained in Step. 4 of Reference Example 8 was
reacted in the same way as in Sfep 1 of Reférence Example
9 and then the mixture-of diastereomers obtained was
resolved by silica gel column chromatography in the same
way as in Step 9 of Reference Example 18 to give the
title compounds respectively as colorless solids.

Isomer A: 'H-NMR (400 MHz, DMSO-dg, 90°C) 6: -0.06 (3H,
brs), 0.00 (3H, s), 0.46-0.52 (1H, m), 0.82 (9H, s),
0.94-1.04 (1H, m), 1.15-1.28 (2H, m), 1.36 (9H, s), 1.92-
2.12 (2H, m), 2.71-2.83 (1H, m), 3.21-3.29 (1H, m), 3.42-
3.64 (4H, m), 3.69-3.78 (1H, m), 4.10-4.24 (1H, m), 4.57-
5.12 (4H, m), 5.28 (1H, d, J=32.7 Hz), 7.24f7.33 (5H, m).
MS (ESI) m/z: 628 [ (M+Na)]”.

Isomer B: 'H-NMR (400 MHz, DMSO-d¢, 90°C) &: -0.01 (3H, s),
0.00 (3H, s), 0.74-0.79 (1H, m), 0.79;0.85 (1H, m), 0.82
(9H, s), 0.95-1.04 (1H, m), 1.22-1.30 (1H, m), 1.37 (9H,
s), 1.80-2.01 (2H, m), 3.19-3.26 (1H, m), 3.34-3.60 (4H,
m), 3.67-3.83 (2H, m), 3.98-4.13 (1H, m), 4.31-4.45 (1H,
m), 4.78-4.84 (lH, m), 4.87-5.10 (2H, m), 5.21, 5.28 (1H,
each d, J=55.2, 54.2 Hz), 7.23-7.34 (5H, m).

MS (ESI) m/z: 628 [ (M+Na)]*.



3.4 Hz), 3.34 (1H, d, J=13.9Hz), 3.65 (1H, dd, J=10.4, 6.5 Hz), 3.96 (1H
dd, J=10.3,4.4 Hz), 4.10 (1H, d, J=13.7 Hz), 7.21-7.37 (5H, m.. M (ESI)
mz: 347 [(MrH) +]. Step 7:

7-benzyl-6-(f[tertbutyl (di methyl)siLyljsexyl met hyl ) - 4- (trifluoroacetyl)-4,7-
di azaspiro[ 2. 5] octane - 141 - The conpound obtained in Step 6 above
was reacted in the sane way as in Step 4 of Reference Exanple 2 to give the
title conpound as al e eIIow oil. 1H NWR (400 MHz, DWVsSO d6, 90C) 8: 0.00
(3H, s), 0R6f66§ﬂce %Xaﬁp £.6268 (1H, m), 0.84 (9H, s), 0.85-0.90 (2H, n),
1.18-1.25(1H n, 228(1H d, Jll?Hz)__ 2.45-2.49 (1H, m, 2.54-2.58

(1H, ), 3.34- O41 (%H , 3.50 (1H,, J=10.3, 7.8 Hz), 3.91 (1H, dd,
J=11. 5, 5 1 ) 1H d, J=14.2 4.03 (1H, d, J=14.2 Hz),

7.16-7.20 ( 724728 4H, m .0 (ESI) rrlz 443[(I\/H—|)] Step 8:
6-(f[tert-butyl ( )silyl oxyl\rre,t-- 1 4-
(trifluor oaceL\é,Jg | azaspl rof The conpound obtained in

Step 7 above y@s rea()#@d inthe s vvayoas in Step 5 of Reference Exanple
2 to give the title ®onpound as a colorless solid. 1H NVR (400 Mz,
DVSO-d6, 90C) 8: 0. 08N (6H, S) 0.76-0.80 (1H, m, 0.90 (9H, s), O. 91 0.94
(1H, m, 1.10-1.16 (1H m, 1.36-1.42 (1H m, 2.54 (1H, d, J=12.9 Hz),
3.04-3.09 (teHL-bpty3. ZZRB-EQ GZHerm} 3.66 (1H, dd, J 10.4, 7.0 Ft) 3.74
(1H, dd, J=10.5, 4.9 Hz), 4.04-4.12 (1H, .

butyl(dlmethyl)51lyl]oxy}methyl) -7- [(4R)—4—fluoro—L—

prolyll-4,7-diazaspiro[2.5]octane-4-carboxylate |

The compound {(isomer A) obtained in Step 3 of

Reference Example 21 was reacted in the same way as in

Step 5 of Reference .Example 2 to give the title compound

as a colorless solid.

IH-NMR (400 MHz, DMSO-dg, 90°C) 8: 0.06 (6H, s), 0.49-0.59

(2H, m), 0.87 (9H, s), 1.07-1.14 (1H, m), 1.31-1.39 (1H,

m), 1.42 (9H, s), 2.16-2.34 (2H, m), 3.00-3.43 (6H, m),

3.55-3.77 (2H, m), 3.95-4.17 (1H, m), 4.29-4.38 (1H, m),

5.37 (1H, d, J=54.4 Hz). |

MS (ESI) m/z: 472 [(M+1)]".

Reference Example 23



M5 (ESI) miz: 353 [(MtH)]. Step 9: tert-butyl

(2S,4R) -2-{[(6R) -6-(f[tertbutyl (di nethyl)silyl]oxylnmethyl)-4-(trifluoroacet
yl)-4,7- diazaspiro[2.5]oct-7-yl]carbonyl)-4-fluoropyrrolidine-1-

carboxyl ate (isomer A) and tert-butyl (&5 4R -2-([(6S)-6- - 142 -
({[tert-butyl (di nethyl)silyl]oxy}nethyl)-4-

(trifluoroacetyl)-4,7-di azaspl ro[ 2. 5] oct-7-yl]carbonyll-

4-f1 uoropyrroll ne- I- bo y i soner B) The conpound obt ai ned in
Step 8 abovédt ngjt Ad o o dﬁﬁ&f d obtained in Step 4 of Reference

Exampl e 8 a ef erence Exanple 9

and t hen t\#g l>‘§(tdlcjre &y’ldl as ereoﬁ@%}s/eto lah ned[eﬁ/a%) res@l Ved [)J?/ silica gel

col um chr raph I t v)]to respectively
YRhQAnaRNY gisl as ane: &t il é%ﬁfé”‘ £ ar%o%ﬂaé

gi ve the t|tIe corrpdun coI orles of1d. Tsonmer A 1 NVR( 400

Mz, DMSO- d6, 9009},6: 8o 6§Hd5)asgm@%(§ %)o,t%&l%do Eﬁs(tlglf! @ of0. 84 (9H,
s),0.85-0.87 (1H m, 1. 30(1H m, 1.99-2 4°12-4. 28(1H, ),

m, 5. 26( 1Hr& r&xR2ice rE)xahp’iEe 21312 4 4k 41r48cH'é7-)san(é9Hza5(Jd'é {dH s), m,
m, 1.40-1.45 3.33-3.77 4.60-4.76 (1H,
Step 5 of Reference Example 2 to give the_title compound
as a colorless solid.
'H-NMR (400 MHz, DMSO-dg, 90°C) &: 0.05 (6H, s), 0.51-0.58"
(l1H, m), 0.87 (94, s), 1.07-1.16 (1H, m), 1.30-1.40 (2H,
m), 1.43 (9H, s), 1.94-2.13 (2H, m), 3.03-3.20 (3H, m),
3.27-3.41 (1H, m), 3.45-3.56 (1H, m), 3.59-3.74 (1lH, m),
3.90-4.11 (2H, m), 4.43-4.63 (2H, m), 5.39 (1H, d, J=53.5
Hz) . '

MS (ESTI) m/z: 472 [(M+1)]".

Reference Example 24
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Step 1: methyl N-benzyl-O-tert-butyl-L-serinate



(7H, - (1H, MS(ESI) m z: 590[ ( M+Na) +] . " | somer

B: 1H NMR(400MHz, DMSO- d5, 90C) 6: - 0. 01( 3H, s) ,

0.01(3H,s),0.66-0.75(1H, m,0.83(9H,s),1.26-1.34 (3H mM,1.35 nm,4.12-4.28

m,5.20(1H, (9H,s),1.74-1.96 (lH,n)h4E§?-4;5? d,J=55.2Hz). (2H, (1H m,

M. 3.27-3.73 4.68-4.78 (7H, (1H, MS(ESIJniz: 590[ (M:Na) +] .

Methyl O-tert-butyl-L-serinate hydrochloride (12 g,

56.7 mmol) was dissolved in methanol (120 ml), acetic
acid (6.50 ml, 114 mmol), benzaldehyde (6.25 ml, 61.8
mmol), and sodium cyanoborohydride (1 M tetrahydrofuran
solution, 75 ml) were added and the resulting mixture was
stirred at.room temperature for 48 hours. The reaction_
mixture was concentrated, diluted with water, and
néutralized with sodium bicarbonate under ice cooling,
followed by extraction with chloroform. The organic
layer was driea over anhydrous magnesium sulfate, then
the drying agent was removed by filtration and the
solvent was concentrated under reduced pressure. The
residue obtained was purified by silica gel
chromatography [ethyl acetate:n-hexane = 1:4 (v/v)] to
give the title compound (7.75 g, 52%) as a colorless
solid.
'H-NMR (400 MHz, CDCl3) &: 1.14 (9H, s), 2.09 (1H, brs),
3.44 (1H, t, J=5.0 Hz), 3.55-3.63 (2H, m), 3.70-3.73 (1H,
m), 3.72 (3H, s), 3.91 (1H, d, J=13.2 Hz), 7.23-7.38 (5H,
m) .

MS (ESI) m/z: 266 [(M+1)]".

Step 2: methyl N-benzyl-N-[(1-
{[ (benzyloxy)carbonyl]amino}cyclopropyl)carbonyl]-O-tert-
butyl-L-serinate

The compound obtained in Step 1 above instead of

methyl N-benzyl-L-alaninate was reacted in the same way



Ref erence Exanple 19 - - 143 - HN O 00 2Si-01" N-Nsi-o 0O-cF3
(6R)-6-(f[tert-butyl (di nethyl)silyl]oxylnmethyl)-7-[(4R)-
4-fluoro-L-prolyl]-4-(trifluoroacetyl)-4,7- diazaspiro[2.5]octane The
conpound (isomer A) obtained in Step _Reference Exanple 18 was reacted
in the sane way as in Step 2 of Reference Exanple 3 to give the title
conpound as a colorless solid. 1H/NVR (400 MHz, DMSO d6, 90C) 5: 0.01 (6H,
s), 0.66-0.79 (9H, s), 1.20-1.31 (14 m, 1.37-1.47 (1H, (1H _ m,

2.09- 2. 26- @PHiNNPLeP. 8002, e fezmnces B xample3 9d- gigre the title

compound as a colorless oil.

'H-NMR (400 MHz, DMSO-dg¢) &: 0.94-0.98 (2H, m), 0.98 (9H,
s), 1.16-1.24 (2H, m), 3.53 (3H, s), 3.63-3.72 (2H, m),
4.46-4.53 (1H, m), 4.60-4.70 (1H, m), 4.83 (1H, d, J=17.3
~Hz), 4.94-5.01 (2H, m), 7.16-7.35 ((10H, m), 7.66 (1H,
brs) . |

MS (ESI) m/z: 483 [(M+1)]".

Step 3: (6S)-7-benzyl-6-(tert-butoxymethyl)-4,7-
diazaspiro[2;5]ocﬁane—5,8—dione

The compound obtained in Step 2 above was reacted in
the same way as in Step 2 of Reference Example-Z to give
the title compound as a colorless solid.
'"H-NMR (400 MHz, cbc13) 8: 0.88-0.97 (2H, m), 1.15 (9H,
s), 1.36-1.41 (1H, m), 1.77-1.83 (1H, mj, 3.69 (2H, ddd,
J=20.5, 9.6, 3.1 Hz), 3.96 (1H, t, J=3.1 Hz), 4.07 (1H, d,
J=15.1 Hz), 5.29 (1H, d, J=14.9 Hz), 6.64 (1H, brs),
7.24-7.34 (5H, m).

MS (ESI) m/z: 317 [(M+1)]°".

Step 4: (6R)-7-benzyl-6-(tert-butoxymethyl)-4,7-
diazaspiro[2.5]octane

The compound obtained in Step 3 above was reacted in
the same way as in Step 3 of Reﬁefence Example 2 to give
the title compound as a colorless solid.

'H-NMR (400 MHz, CDCls) &: 0.30-0.38 (2H, m), 0.48-0.59
(2H, m), 1.19 (9H, s), 1.62 (1H, br), 2.27 (2H, AR type d,



1H ),
M) +]

4.35-4.53 (1H, ), 5.22 (1H, d, J=55.4 Hz). MS (ESI) m z:

Ref erence Exanple 20

(

[ (

(6S)-6-(f[tert- butyl(d|nethyI)S|IyI]oxy}nethy1) 7-[ (4R) -
4-fluoro-L-prolyl]-4-(trifluoroacetyl)-#4, 7- di azaspiro[2.5]octane -

The conpound (i somer

468

144 -

B) obtained in Step 9 of Reference Exanple 18 was

reacted in the sane way as in Step 2 of Reference Exanple 3 to give the
title conpound as a colorless solid. 1H NVR(400 NHz, DMSO d6, 9000) 5:

0. 01(6H, 5) J5167°0H73 - ( BHAW 20483 (M, 1m89- 2 -89 rjlis. oBL.3.758 93 4.

(9H, (2H,
(2H m,

3.69 (1H, dd, J=9.3, 4.6 Hz), 4.12 (1H, d, J=13.7 Hz),
7.21-7.35 (5H, m).

MS (ESI) m/z: 289 [(M+1)]°

.Step 5: [(6R)-7-benzyl-4,7-diazaspiro[2.5]oct-6~
yl]lmethanol

The compound obtained in Step 4 above was reacted in
the same way as in Step 4 of Reference Example 18 to give
the title compound as a colorless solid.
'"H-NMR (400 MHz, CDClj3) -8: 0.33-0.43 (2H, m), 0.52-0.61
(2H, m), 1.71 (1H, br), 2.36-2.45 (3H, m), 3.06 (2H, d,

.J=6.0 Hz), 3.36 (1lH, d, J=13.7 Hz), 3.60 (1H, dd, J=11.0,

3.5 Hz), 3.95 (1H, dd, J=11.0, 4.5 Hz), 4.15 (1H, d,
J=13.7 Hz), 7.24-7.32 (5H, m).

MS (ESI) m/z: 233 [(M+1)]"

Step 6: tert-butyl (6R)-7-benzyl-6-(hydroxymethyl)-4,7-
diazaspiro[é.5]octane—4—carboxylate

Thé compound obtained in Step 5 above was reacted in
the same way as in Step 2 of Reference E%ample 1 to give
the title compound as a colorless solid.
'H-NMR (400 MHz, d-DMSO, 100°C) &: 0.44-0.49 (1lH, m),
0.62-0.72 (2H, m), 1.00-1.05 (1H, m), 1.39 (9H, s), 2.18
(1H, d, J=11.7 Hz), 2.28 (1H, dd, J=11.7, 1.2 Hz), 2.41-

2.46 (1H, m), 3.13 (1H, dd, J=13.2, 8.5 Hz), 3.34 (1H, d,

- J=14.0 Hz), 3.40-3.46 (1lH, m), 3.66-3.72 (1H, m), 3.82

& 4.53
(1&‘ H, (31H s) ,H1 %% 1J2g r? % %8 2. 80 @3,43 339413 (72 n')m)5, 21( 1H,



d,J=55.7 1.38-1.47 2.85-2.92 4.02-4.19 Hz). (1H, (1H, (2H, MS (ESI)niz: 468
[ (MtH) +] . Ref erence Exanple 21 00 Step3 \-t*I 7C) =0 00 )=0 Step 1:
tert-butyl 7-benzyl-6-(f[tertbutyl (dinethyl)silyl]oxylnethyl)-4,7-

di azaspi ro[ 2. 5] oct ane- 4- car boxyl ate_ 15 The conpound obtained in Step 7 of
Ref erence Exanple 18 was reacted in the sane way as in Step 2 of Exanple 1
and then reacted in the sanme way as in Step 2 of - 145 - Reference Exanple
1 togive the title conpound as a colorless oil. 1H NVR (400 MHz, DVBO d6,
90C) 8: 0.08H¢6Ad sY=15.-39- G.-26He1K, 4m°2 0.260- 617020 M2 0.84 4 9H, s),

1=11. 7 ) 0B TP Q0 213 36 E SR (1K, d. =142 te). 3. 49
715716 TR 32t 757 (R T e () mie aar L (D) e

Step 7: tert-butyl (6R)-7-benzyl-6-(fluoromethyl)-4,7-
diazaspiro[2.5]octane-4-carboxylate

A dichloromethane (8 ml) solution of the compouhd
(360 mg, 1.08 mmol) obtained in Step 6 above was cooled
to -78°C. Subsequently, bis(2—methoxyethyl)aminosulfur
trifluoride (0.26 ml, 1.41 mmol) was added dropwise and
the resulting mixture was gradually heated and stirred
for 20 hours. The reaction mixture was neutralized with
saturated aqueous sodium bicarbonate solution,.followed
by extraction with chloroform. The organic layer was
dried over anhydrous sodium sulfate, then the drying
égent was removed by filtration and the solvent was
concentrated under reduced pressure. The residue
obtained was purified by silica gel chromatography [ethyl
acetate:n-hexane = 1:10 (v/v)] to give the title compound
{325 mg, 90%) as a colorless oil.} | |
'H-NMR (400 MHz, de-DMSO, 100°C) &: 0.60-0.67 (2H, m),
0.79-0.90 (2H, m), 1.40 (9H, s), 2.45 (1H, d, J=12.7 Hz),
2.64 (1H, d, J=12.7 Hz), 2.83-2.93 (2H, m), 3.35-3.45 (1H,
m), 3.71 (2H, d, J=3.2 Hz), 3.72-3.79 (1H, m), 4.66-4.81
(1H, m), 7.19-7.31 (5H, m).

MS (ESI) m/z: 335 [(M+1)]".



~Step 2: tert-butyl 6-(f[tertbutyl (dimethyl)silyl]oxylnmethyl)-4,7-

di azaspiro[ 2. 5] oct ane- 4- car boxyl at e The conpound obtained in Step 1
above was reacted in the sane way as in Step 5 of Reference Exanple 2 to
give the title conmpound as a pale yell é/\éml 1H NWMR (400 MHz, DWVBO- d6,
90C) 6: 0.06 (6H, s), 0.48-0.57 (2H, nf 0.78-0.83 (1H, m, 0.89 (9H, s),
1.14-1.20 (1H, m, 1.40 (9H, s), 2.16 (1H, d, J=12.5 Hz), 2.62-2.68 (1H,
m, 2.75 (1H, dd, J=12.5, 10.0 Hz), 2.96 (1H, dd, J=12.5, 2.0 Hz), 3.47
(1H, dd, J=St(epL,8 6. BRiz)7-&redy (-1, (fddiodenddk iy 1)5-4- Hz) , 3.87 (1H, dd,
J=12.5, 2.9 Hz). M5 (ESI) mz: 357 [(Mtl)]. Step 3: tert-butyl

(6R) - 7- ({(2@;1:41@)1.lproacetyl -4,7-diazaspiro[2.5]octane
[(benzyloxy)carbon 1] - 4-fl uor opyrrol i di n-2- ylcarbonyl) 6-

({[tert-butyl (di F%@t ﬁ;?PP?PPﬂ PB%wlﬁ@fihwn) SzTre‘P abPzV@ was reacted in

di azaspiro] 5] oct ane- 4 car bo Iat (i terthbut

(68)'7'({( ﬁ‘)ar[h-e [ %/ &O@é%% nce Xamp %/i and

f 1 uoropyrraql - r-ho [ t butyl ( t hyl | y| ] oxyl met hyl) -4,
7- di azaspi roe[qy}ﬁ%oc)cgte%ﬁe&ﬁ%%% bGaH(% v{aé? (ElP i %EE M Q%e%/ec%rrp%und

obt ai ned i m:Sign 2 AhQY & instigad tqftltéwec&@mﬁwda@bg atpesk s Step 4 of

Ref erence Exanple 8 was Teacted in the same way as in Step 1 of Reference
Exanpl e 9 apdyiRensbbevmixt ateD@g‘;odl 9@@@5 eQILEICS, 8let gifned, was respl ved by
silica gel columm chromatography in the sarre way as in Step’9 of Reference
Exanpl e 18 tai,gibue ,t e 25,t [22 Tonmaayndsadrespect ively @sd,cador lesss-sol i ds.

| soner A: 1H NWR (400 MHz, DMVMBO-d6, 90C) 6: -0.06 (3H, brs), 0.00 (3H, s),
0.46-0.52 (218 nMLH,0m82 (BHZ2 s)2H,0.994- 13 0B «3LH94 n)3H,1.1)5- 14 2B ( 2H,861), 1. 36
(9H, s), 1.92- 2.12 (2H, , 2.71-2.83 (1H,- m, 3.21-3.29 (1H, m, 3.42-
3.64 (4H mlH.3 TR bzg (TH20m7 3. 1GH. 20 (1H, ), 4.57- 5.12 (4H, m),
5.28 (1H, d, J=52.7 Hz), 7.24-7.33 (5H, m. M5 (ESI) nlz: 628 [(MNa)] +.

| soner B: 1H-NI\/R(400 MHz, DMSO d6, 90C) 6: -0 01 (3H, s), 0.00 (3H s),

V251 30 Cite ¢ 76?9&%%%13@@ St
S D SO B o d A (U S’l Jss. (21“54”’2’
sz)a}rpreZE"z f"elr f[‘ﬁ%'uc%powﬁd( E§Lc)a1%’eé 192%&;@3'\”9'\'%)0]01}(9 wasliéact%%f gpence

(6R) - 6- ([ trard éaﬂevlv(aq; et h )stidyld %/If@ftéwér)ce? AP red-4 lyorprde prol yl] -
4, 7-di azaspiro[ 2. 5] octane- 4- car boxyl at e The conpound (isoner A)

obt ai ned i nhSt efi 3 Ofcdigfrirences Xamlear Zsvasoreacted in the same way as
in Step 5 of Reference Exanple 2 to give the title conpound as a col orl ess
solid. 1H NMRNMROQ4N’B{ZMHBI)/SG)5€I@{IS@DC10@?C)0.&36 1(.6Hd-1s8)1.1 0.449- )59 (2H m,
0.87 (9H, s), 07-1.14 (1H m, 1.31-1.39 (1H, m, 1.42 (9H, s), 2.16-2.34
(2H, m, 3?0@5324590( 6RH,m) ,3. B3B3 6y 2BH,mm) 3.2, IH (1) m), 4.29-4. 38
(1H, m, 5.37 (1H d, J=54.4 Hz). MBS (ESI) rﬂz 472 [ (M+1)]+. Reference
Exanpl e 235 211-@8 4 t@H- BUty|9- 55 (2H, br)

(6S)-6-(f[ yl t yI)S|IyI l.oxyl nethyl) 7-[ (4R)-4-fluoro-L-prolyl]-
4, 7-di azas [ %ﬁ Hh/dzané Z{ At at e The conpound (i soner B)

obt ained in St ep 3 of Reference Exanple 21 was reacted in the same way as.
in Step 5 of Reference Exanple 2 to give the title conpound as a col orl ess

solid. 1H o 9000) 8: 0.05 (6H, s), 0.51-0.58 (1H ),
1.30- 1. 40 % %Q]% y%‘?“?@o 3H 3.27-3.41 (1H,

3" A
' ' ) HN
%-O*N F Step1 } P Step 2 Hel
. 0 O

vt
N — ,{“_
0% on " ¢ -uk]

F
CF, O)- CF,



m,
[ (
(1H
49

Step 1: tert-butyl (2S,4R)-4-fluoro-2-{[(6R)-6-

(fluoromethyl)-4-(trifluorocacetyl)-4,7-

diazaspiro[2.5]oct-7-yl]lcarbonyl}-4-fluoropyrrolidine-1-

carboxylate

The compound obtained in Step 9 of Reference Example
24 instead of the compound obtained in Step 4 of
Reference Example 8 was reacted in the same way as in
Step 1 of Reference Example 9 to give the title compound
as a colorless solid.

MS (ESI) m/z: 456 [(M+1)]?

Step 2: (6R)—6—(fluoromethyl)—7—[(4R)—4—fluoro—L—prolyi]—
4—(trifluoroacetyl)—4,7—diazaspiro[2.5]octane
hydrochloride

The compound obtained in Step 1 above was réacted in
the same way as in Step 5 of Reference Example 12 to give
the title compound as a colorless solid.
'H-NMR (400 MHz, de-DMSO, 100°C) &: 1.07-1.11 (4H, m),
2.04-2.31 (1H, m), 2.65-2.73 (lH, m), 3.13-3.23 (2H, m),
3.43-3.58 (2H, m), 3.62-3.75 (2H, m), 4.20-4.37 (2H, m),
4.57-4.78 (1H, m), 4.92-4.98 (1H, m), 5.46 (1H, d,.J=53.2
Hz), 9.77 (2H, br).

MS (ESI) m/z: 356 [(M+1)]"

Reference Example 26

3.45-3.56 3.90-4.11 (2H, m, 4.43-4.63 Hz). MS(ESI) mz: 472

M+1)] +. Reference Exarrple 24 (1H, m, 3.59-3.74 (1H, m, (2H, rr) 5.39
, d, J=53.5 >1. O""y141428t ep 1Step 2 0-0 0.40 1 Step 3 N O St ep
,Step 5 1'10"11 - 154 - ’



Cy4' . (14 Step 6 HO*-1.t141 0 0O - 149 - Met hyl - O-tert-butyl-L-serinate
hydrochl oride (12 g, 56.7 mmol) was di ssolved in nethanol (120 m ), acetic
acid (6.50 m, 114 mmol), benzal dehyde (6.25 m, 61.8 nmol), and sodi um
cyanoborohydride (1 Mtetrahydrofuran sp ution, 75 m) were added and the
resulting mxture was stirred at roomtenperature for 48 hours. The
reaction m xture was concentrated, diluted wth water, and neutralized with
sodi um bi carbonate under ice cooling, followed by extraction with

chl oroform The grganic ayerc dried_ove “ ydrous mageesium sul f ate,

then the dryin wetPrleno fiPeRati berlamg t htersol vhg

concentr at edGn reduced pre o The resi gugtolat ai med™wa, ol i ed by

silica gel romat ography [et acet at e: n- g€’ 1:4 (v % give the

5.0, 52% as g colorless SO|IQ;| H NVR (400 WMHz, CDC13) -
(,1,,5 He59 iEH dop6)=5. LZN, 3sBH73.63 (2H, M,
i 3H—s)» 3 H -d.,_J..—13 § +23»7.38 (5H m
. M5 (ESI) mz: 266 )] +. Ste thyl N-b [ (1-
([ (benzyl oxy) car b&hyT | am nol cycl 8’propy| ) car bonyl[-0-tertbutyl-L-serinate
The conpound pbtained,in Step 1 gbov ngt ead of met hyl
N- benzyl -L-al a a&ﬁgs r efigteed | tl;& e way - 150 - as in Step 1 of
Ref erence Exanpl e o\gi ve—t-he- ti £8npound as a colorless oil. 1H NWR
(400 MHz, DWVB Ng: 094098g =H), 0.98 (9H, s), 1.16-1.24 (2H, m,
3.53 (3H, s)&3763-3.72 (2H, m),“"4746-4.53 (1H, n), 4.60-4.70 (1H, m, 4.83
(1H, d, J=17.3 Hz), 4.94-5.01 (2H, m, 7.16-7.35 (10H, m, 7.66 (1H, brs).
VB (ESI) mz: 483 [(I\/H)]+ Step 3:
(65)-7- ben 1 6 (t toxy 7-_ di_azas o[ 2. 5] oct ane- 5, 8-di one
The corrpou %ﬁr te|§ dﬁ?«?% rlegoww{édtk}lrf‘qll?ez%el'v%y as in
Step 2 of ﬁ%ﬁer%e Exarrple 2 to give the title conpound as a col orl ess
solid. 1H 0 MHz, CDC13) 8: 0.88-0.97 (2H, m, 1.15 (9H, s),

306 (1h (0 =3 1 Pep (aefiob TRl SEBtrey et Ao ey )
6.64 (1H, Qr%kaf%f%@fﬁé%%ﬂfgﬂ dNq ﬂ@édﬂga)lﬂﬂﬁ%e:%%%4(JQ§JJS it ep 4
(6R) - 7-benzyl-6-(tert-butoxymethyl)-4,7- diazaspiro[2. 5]cctane The

conmpound obsttaiphgd dfn Rt ehRbeveMMAS Neads e dd dihie S Wah@sudd Step 3
of Reference Exanple 2 to give the title conpound as a col orless solid.

1H NVR (40@sMdz paQleCh)1 18w Gc3A-A.38 (2H, n), 0.48-0.59 (2H, m, 1.19 (9H,
s), 1.62 (1H, br), 2.27 (2H, AS type d, - 151 - J=11.9 Hz), 2.40-2.48 (1H,
m, 2.80 (iH—Nua (4603MBz, 8CRCHz) ,6:3. 714 1HHAd, J=8 3 Bz2, Hz)533.34-3. 41
(2H, n'), 69 (1H dd, J=9.3, 4.6 Hz), 4.12 (1H, d, J=13.7 Hz), 7.21-7.35
(5H, . |\/E§4(HES|d) - 828@[(M+1)]+ Step 5: .

[ (6R) - 7 benzyl- 4, 7-di azaspi ro[ 2. 5] oct - 6- yl ] net hanol The conpound
obtained in Step 4 above was reacted in the sanme way as in Step 4 of

Reference Brample 18 (9.4 e g il f9mRound a5 5 opl g eps sol id

1,2,5-thiadiazole 1,1-dioxide

title corrpound(?
6: 1.14 (9H,. 5@,42
3.70-3. 73 (HH—m3, 3.

Methyl magnesium bromide (0.89 M tetrahydrofuran
solution, 43.1 ml) was added dropwise to a toluene (200
ml) suspension of the compound (10.0 g, 29.5 mmol)
obtained in Step 1 above at 0°C. The resulting mixture
waS.Stirred at room temperature for 1 hour and then 1 N
aqueous hydrochloric acid solution was added, followed by
extraction with ethyl acetate. Then, the organic layer

was washed with saturated agqueous sodium bicarbonate



1H NWR (400 MHz, CDC13) 8: 0.33-0.43 (2H, m), 0.52-0.61 (2H, m, 1.71 (1H,
br), 2.36-2.45 (3H m, 3.06 (2H, d, J=6.0 Hz), 3.36 (1H, d, J=13.7 Hz),
3.60 (1H, dd, J=11.0, 3.5 Hz), 3.95 (1H, dd, J=11.0, 4.5 Hz), 4.15 (1H, d,
J=13.7 Hz), 7.24-7.32 (5H, nm). M5 (ESI)gsgnz: 233 [(M+1)]+. Step 6:
tert-butyl (6R)-7-benzyl-6-(hydroxynethyl)-4,7-

di azaspi ro[ 2. 5] oct ane- 4- car boxyl at e The conpound obtained in Step 5
above was re%cted in the sane way as in Step 2 of Reference Exanple 1 to

give the tiSAETCERpARH SAE T atah PSS $919 Fring ViR Y 400 YO U6- DVSO,
1000 5: 0.44-0.49 (GAH, m_, 0.62-0.72 (2H, , 1. 00- 'Oqaiél m, 1.39 (9H,
s), 2.18 (fﬁf‘hlg‘f“ félf%g?ema)n,doi?‘fs C ,e”gtd,wa :ﬁYaﬁorf.lff “,Oh? 41- 2.46 (1H,
m, 3.13 (14, ?_.@ =13..2,,..8 - 34 (1K, =14. )., 3.40-3.46 (1H,
m, 3.66-3. %ﬂu T %rﬁk,%sé.ré"z‘t%- g%’f :ch%llli,(l]tglci dcfé'%f.]“gfgoéljé‘ H)d” 4.02 (1M, d,
J=14.0 Hz) qudntd tetive), b5 4001 L sl6547.30 (5H, m). MS (ESl) mfz: 333
[(Mr1)]+. Step 7: tert-butyl (6R)-7-benzyl-6-(fluoronethyl)-4,7- .

di azaspi r of-fhacyane- dusar bowylpte: oo Al chiororefhiane, (8 sol ution
of the compound (360 ng, 1.08 nnol) obtained in Step 6 above Was cool ed to
- 78C. Subsé@quénrtil.\8 hiesi,2myet Hoxyet(2H,) am wesuld wrz)t.orifluoride (0.26 m,
1.41 mmol ) was added dropwi se and the resulting m xture was gradual |y
heated and stirred for 20 hours. The reaction m xture was neutralized with
saturated aqueous sodi,um bi carbonate sol ution, followed by extraction with
chl or of or mSt®Re 36r da% e4Rayet: 4wdsi 24 eeh byeepaemyHy odrsmedlly Lmi sl $at e, then
the drying glgent, was renoved by filtration and the sol vent was concentrated

under redul@d3pHeLodriEinene leSii@dd ot ai ned was purified by silica gel

hr omat hy Lethyl acetate:n-h - 1.10 to gi he titl
comoana ( 3bn meReotbrBEhe' BaParTade e PEeRnAARROYR0DSHIE Coa5EENED, 2000
6. 0.60-0. 0.79-0.90 (2H 1 - 1. 40 (9H, 2 45 (1H. d. J=12.7
Hz), 2. 64 ?i‘ﬁ( %gfne?ﬂfi ?éHzl% %%eésléz.o% R(e]zrﬁf}‘er%(c,e s?."%{-psl.%é (t(ng’lr?’)é, 3.71

- (2H, d, J:%h% %&k&e3cé%'%u%% Q%Ha @5&6%1@@§4§%aikﬁH1 m, 7.19-7.31 (5H, m.
VB (ESI) mz: 335 [(MF1)]+. - 153 - Step 8 -

(6R) - 7-benzylixfr (fhoor@aet hyb¢14 5: 1.85 (3H . 4.63 (1H
(trifluoroacetyl) -(4, 7-di azaspi r@[ 2. 5] oct an(e r s T4he co(rrpo'un%( obtained in

Step 7 aboveéuwa@s Hzeacted2i nithe ssama .wWay @si,i ’i,Stem .3 ofz)Ref@renceExanpl e
12 and then reacted in the sane way as in Step 4 of Reference Exanple 2 to
give the tidt| g=Golypdiund ds 0d d@Hor ldesI=di.I5. HEHHNVR1(74A0@HVHzY, dB=EDNSO, 1000)
13: 0.84 (2H, brs), 0.92 (2H, br), 2.55, 2.76 (1H, each br), 2.94 (2H, s),
2.95- 2.988@1H, 'ml8 3272 @2HI=S)> 8273-3.94 (2H, m), 4.74, 4.86 (1H, each
br), 7.20-7.31 (5H m. Step 9:
(6R)-6-(fluoronethyl)-4-(trifluoroacetyl)-4,7- diazaspiro[2.5]octane

hydr ochl ori_de . he_como obtained in Step. 8 above was_reacted in

t he same \Aégegs 4itn | epzé ot ’%‘g%lrse&‘g_e&%&ﬁﬁﬂkéer?yjt)ooﬁ%n?ﬁ]e'%TtIe conpound
as a color Idg,;gl ﬁ%l id. 1H NWR (400 WMHz, d6-DVSO, 100C) 43: 1.06-1.11 (4H,

m, 2.65-2. ?% m, 3.37-3.65 (2H, m,3.92 (1H br), 5.21-5.34(1H m,

9. 55(2H, The compound obtained in Step 3 above was reacted in
~ the same way as in Step 9 of Reference Example 1 to give

the title compound as a colorless solid.

'H-NMR (400 MHz, CDCl;) &: 1.49 (3H, s), 4.08 (lH, s),

6.98 (2H, d, J=8.5 Hz), 7.17 (2H, d, J=8.3 Hz), 7.25-7.28

(4H, m).

Step 5: (1R,2S)-1,2-bis(4-chlorophenyl)propane-1,2-

diamine



br). MS(ESI)mlz: 241 [(M1)]. Ref erence Exanple 25 4-4::/r_pci FF
+0tip HCl O0....142. FStep 1 ----1r.O N-,.. Step20 0 OHFA" 01(1 FA
6.(l--b-CF3 0 - 154 - Step 1: tert-butyl (2S,4R)-4-fluoro-2-{[(6R)-6-

(fluoronethyl)-4-(trifluoroacetyl)-4,7

di azaspiro[ 2. 5] oct-7-yl]car bony11- 4-fl uor opyrrol i di ne-1carboxyl ate
conmpound obtained in Step 9 of Reference Exarrpl e 24 instead of the conmpound

obtained in Ste

4 of Reference Exanp

Step 1 of Refer H&ecewaﬁﬁrle thtel@ie\% ltnh§tteipt l4e G HSoNRE &P td cedior | ess

lid. M5 (E
?gRI) 6- (fILfcﬁsézg%“ﬁ’fil

%]\;q}ﬁ(%% JLn p?foem/l Q of Reference

e

The

was reacted in the same way as in

4-(trifl ty ) 4.7 5] oct hydrochl orid
Compound obtaTRF 4&8 B TR N Rl O e Sahe hes” T st ep 5

of Referenc ol
1H NWVR (400&\@%@6

2.65-2.73 (1H, ,
4. 20-4.37 (2H,

J=53.2 Hz) ,st®p/ % :( 2Hs,BR).-

t|tIe2 ound as a col orl ess sol
NGFr1°P1°(4H, m), 2.04-2.31 (1H,
3. 13- 3 23 (2H nm, 3.43-3.58 (2H, -m,
4.57-4.78 (1H, m, 4.92-4.98 (1H m,
4,5-bis(4~-chlorophenyl)-4-

91%8 SR

5.46 (1H, d,

W)

methylimidazolidine-2-thione

The compound obtained in Step 5 abeve was reacted in
the same way as in Step 11 of Reference Example 1 to give
the title compound as a colorless solid.

'"H-NMR (400 MHz, DMSO-dg¢) &: 1.71 (3H, s), 4.94 (1H, s),

6.89 (2H, dt, J=8.9, 2.1 Hz), 6.97 (2H, dt, J=8.9, 2.1

Hz), 7.17-7.12 (4H, m), 8.74 (1H, s), 8.92 (1H, s).

Step 7: ethyl (5R,6S)-5,6-bis(4-chlorophenyl)-3-
isopropyl—6—methyl—5,6—dihydroimidazo[2,1—
b][1,3]thiazole-2-carboxylate

The compound obtained in Steb 6 above was reacted in
the same way as in Step 12 of Reference Example 1 to give

the title compound as a colorless solid.

'H-NMR (400 MHz, CDCl;) &: 1.03 (3H, d, J=7.0 Hz), 1.03
(3H, d, J=7.0 Hz), 1.37 (3H, t, J=7.1 Hz), 2.10 (34, s),
3.28-3.47 (1H, m), 4.33 (2H, q, J=7.1 Hz), 5.57 (lH, s),
6.45-7.18 (8H, m).

Step 8: (5R,68)-5,6-bis(4-chlorophenyl)-3-isopropyl-6-

methyl-5, 6-dihydroimidazo(2,1-b] [1,3]thiazole-2-

carboxylic acid

id.
)

3.62-3.75 (2H, m,



M5 (ESI) mz: 356 [(M+l)]+. Step 1:

3, 4- bi s(4-chl orophenyl)-1, 2,5-thi adi azol e 1, 1- di oxi de

1, 2- bi s(4-chl orophenyl ) et hane-1, 2-di one was used as a starting material and
reacted in the same way as in Step 7 qt ef erence Exanple 1 to give the
title compound as a pal e yellow solid. NVR (400 WMHz, CDCl13) 6: 7.47 (4H,
d, J=8.8 Hz), 7.53 (4H, d, J=8.8 Hz). Step 2:

3,4-bis(4-ch|oro henyl) - 3- net h di hydrol, 2, 5-t hi adi azol e 1, 1-di oxi de

' Met hyl nagnes?gﬁtBPBHPééd(GbéglNﬁﬂeﬂﬂaﬁV@Poﬂuﬁ@@V§oM@ﬁleﬁa0¢3dllm|) was
added dropmnse to a toluene (200 nt) suspen5|on of the compound (10.0 g,
29.5 mol ) ‘06t &PFEd YAy Sfep™ A58 & 3 tOfOCBe EReNGSS F1HAMRY Sm iR & s

stirred at JQom.tenperat ure for 1 ho nd then .1, N aqueous hydrochloric
aci d sol ution mésﬁad&QEPQ%ﬂ iﬁﬁﬁl(ﬁ#%ﬁth ethyl acetate. Then,.

the organi el r she th saturat eous |un1b|ca b ate -
156 - solutloﬁMgn w@@tﬁgategMgb aé %i (?Efgdaggeﬁﬂaﬁﬁ arous? s@ sul fate
and the solwsent vap te I educe gime itle
~ conpound (1\13(iil S\,Naq%agn?l '?I;Z?I vg‘) wggqg%ofygrlgsgggﬁs% I—H%l‘\?R M—%z “CDC13)

8: 2.06 (3H1HS) s)4. #Q4@1H,. 49) ,(8%,3@n7. 48 (6H, m), 7.63 (2H, d J=9.0 Hz).
Step 3: (3S*,4FF)-3,4-bis(4-ch|orophenyl)-3-nethy1-1,2,5- thiadiazolidine
1, 1- di oxi d&1S (ESIThe/zen@dund (obtlgilfied in Step 2 above was reacted in the
same way as in Step 8 of Reference Exanple 1 to give the title conpound as
a colorless solid. 1H NWVR (400 MHz, CDC13) 8: 1.85 (3H, s), 4.63 (1H, d,
J=6.8 Hz), 4.72 (1H, s), 4.93 (1H d, J=6.8 Hz), 6.77 (2H, d, J=8.5 Hz),
7.01 (2H, &efszgnsepfyampler 27oH, d, J=8.5 Hz), 7.18 (2H, d, J=8.5 Hz).
Step 4. (1R*, 2S*) -1, 2-bis (4- chlorophenyb oy opane-1, 2- g4liam ne

The conpound obt |nedpnn Ste %Pabamezma e edsmn3the way as in
Step 9 of Ref cOpPoEn col orl ess
solid. 1H N H )Y 4.08 (T, ‘3,&6 98 (2H, d,

J=8.5 Hz) 717(2H d J83Hz) 725728(4H,Frr) Step 5:

(1R 29)-1, 2- Q|s£4- he&§52 ne-1, di - 157 - The
conmpound ob atn tarned i 4 Qe 'OoptFFQIIy pvedSth’ t he same way as
in Step 10 of Ref er anple 1 ve the ti nmpound. as a col orl ess

solid. [a] D=+69. 2¢{¢c710°0®, neth .3C) Step &
(4S,5R) -4, 5-bi.s(4- chlor enyl)-4- ne | i m dazol i di ne-2-thi one The
conpound ob,ayned in Step S:asove was reacte. in the sane y as in Step 11
of Reference Ela Pl e deg ' i ] | ess solid.

1H NVR (400 " ’/BO0-d6). 8: Q S . 2H, dt,
J=8.9, 2.1 HATIH Y7 (2H dtJ is 2.1 Hz .7-7.12( 7=, 8.74 (1H,
©s), 8.92 (1A, s). Step 7: (5R, 6S)-5,%-Bi s(4-chl or nyl) 3-

i sopropyl- 6- nethyl
The conpoun%
Step 12 of ?e ren
solid. 1H NWVR (400 2 : , d,
-~ J=7.0 Hz), 1.37 t, J=7.1 .10 (3H s) 3 3.47 (1H, m, 4.33
(2H, q, J=7.1 Hz), 5.57 (1H, s), 6. 45-7. 18 (8H, m. Step 8:
(5R, 6S) -5, 6-bi s(4-chl orophenyl) - 3-i sopropyl- 6- _
nmet hy1-5, 6- di hydroi m dazo[ 2, 1-b][ 1, 3]t hi azol e-2- carboxylic acid

Step 1: ethyl 2-amino-2-(4-chlorophenyl)propionate

y
6- di hydroi mi dazo[ 2,1- b][1, 3]th¥azole 2-carboxyl ate
i n S%%B ? reacted ¢ Ss@re way as in
1t ™Y itepd3 co

4'-chloroacetophenone instead of 1—(6—chloropYridin—
3-yl)ethanone was reacted in the same'way as in Step 1 of
Reference Exémple'l to give the title compound as a
yellow oil.

MS (ESI) m/z: 228 [(M+1)]".



- 158 - The conpound obtained in Step.7 above was reacted in the sane
way as in Step 13 of Reference Exanple 1 to give the title conpound as a
‘colorless solid. 1H NVR (400 MHz, DVMsO-dO 8: 0.83 (3H, d, J=7.1 Hz), 0.93
s), 2.99-3.67 (1H m, 5.79 M5 (ESIL nZg 447 [(Mrl)]+. Reference Exanple
27 Step 1: ethyl 2-am no-2-(4- chlorophenyl)proplonate

4' - chl or oacet ophenone instead of 1-(6-chloropyridin3-yl)ethanone was
reacted in the same way as in Step 1 of Reference Exanple 1 to give the

title conrpé&ﬁ& gs &Weil sw lditer tvButeIycarben YIempimnd+(4- - 159 - Step

2: ethyl (tert but é arbonyl)anlno] 2- (4- chl orophenyl ) propi onate
The conpouﬁ S (T I§PF R 8bove was reacted in the same way as in

Step 2 of Ref Ex the titl d | o
sol 14 iHNﬁReEiﬁ%ewggﬁb‘éﬁ# = gi%n Foy 10975 Hgy, SER5FERoRr brs),

197 (3M. $he 408 & 92 %}ﬁ 3 |
7.36-7.41 (20, . I\/B(E |) m;ék go Iﬁ%ﬁa e)HCStep l?ételr'?:lébtﬁ%vle
[1- (4 chi oreheny )l bomidint 3 @X%%tl%wﬂe%asr haymete The conpound
obtained in Step 2 above was reacted in the sane way as in Step 3 of

Ref erence Examnmke (dobomgivecbbe,itig: e compoyund @s A€ol qiless; spfid. 1H NWR
(400 MHz, CDC13) 6 1.42 (9H, brs), 1.81 (3H s), 5.71 (1H br), 7.31-7.39

(4H m, 9.(2H,(Dbks)s) l.Sffed 34, tsert4bwBH4.21 (2H, m), 5.92 (1H, br),

[ 2- (4-chl oro-3-fl uorophenyl)-1-(4-
chIorophen91?927h@@rdiﬁilnﬁntﬁyBérﬁyHPcdébhnut The conpound obt ai ned
in Step 3 above mas ted in the sane way as in Step 4 of Reference
Exanpl e 1 1§ dive) tWéZtI@ﬁ@ ddMgdand as a colorless solid. 1H NVR (400 Mz,
CDC13) 5: 1.43 (9H, brs), 1.55 (3H, brs), 5.08 (2H, br), 5.40 (1H, br),
6.80 (1H, br), 7.02-7.07 (1H, m, 7.24-7.35 (5H, m. M5 (ESI) mz: 436

M+Na) | + 16Q - 4-¢c Ioro 3 f | uorophenyl)-1-(4-
Eﬁloro%Lenyffplgnethyl %u%yoethyl? ¥ﬂ§%§¥%1 q‘ 5ﬁé‘ 8 ob¥a?ned(|n

Step 4 aboyg . Wa§.q the sane-way as in Step 5 of Reference Exanple
l1togivet 8 tﬁy 2%%%%%gﬁﬁ as a colorless solid. 1H NWVR (400 WMHz, CDC13)

6: 1.29 (9H brépe doffolidhl oBaifed9ihlbieBr b afog8 (ad2,L4 M5 (ESI)
mz:. 434 [(N%hb)]i % g% % aﬁ%n%- } 4- cﬁporoa ogluo?op s @Eegle
chl or ophenyhkppsep@nwlay0R€ in Step 3 of Reference Example 1 to give

the title compound as a colorless solid.

'"H-NMR (400 MHz, CDCl;) &: 1.42 (9H, brs), 1.81 (3H, s),
5.71 (1H, br), 7.31-7.39 (4H, m), 9.27 (1H, s). '

Step 4: tert-butyl [2-(4-chloro-3-fluorophenyl)-1-(4-
chlorophenyi)—2—hydroxy—1—methylethyl]carbamate

The compound obtainéd in Step 3 above was reacted in
the same way as in Step 4 of Reference Example 1 to give
the title compound as a colorless solid.
'"H-NMR (400 MHz, CDCls) &: 1.43 (9H, brs), 1.55 (3H, brs),
5.08 (2H, br), 5.40 (1H, br), 6.80 (1H, br), 7.02;7.07
(1H, m), 7.24-7.35 (5H, m).

MS (ESI) m/z: 436 [(M+Na)]*



The conpound obtained in Step 5 above was reacted in the same way as in
Step 6 of Reference Exanple 1 to give the title corrpound as a colorless
solid. Ms (ESI) mz: 312 [(M+1l)]+. Step 7:

4- (4-chl oro- 3-fl uorophenyl) - 3- (4- chlorpghenyl) - 3-

- met hyl- 2, 3-di hydro-1, 2, 5-thi adi azol e 1, 1-di oxi de The conpound obt ai ned
in Step 6 above was reacted in the sane way as in Step 7 of Reference
Exanple 1 to give the t|tIe conpound as a colorless solid. 1H NVR (400 MHz,
CDC13) 6: ftﬁ% (3H, S oatd (| % (45r3h lor i~ Bprophenyl) Steit 8:

(3S*, 4R*) - 4~ (.4-chl.or 0-.3-f.| uor

chl or opheny’ lOSr SRS T, ]‘ZH?tt?ﬁhagﬁyé%bqeet}iy]i 1 GATRamATe - 161 - The
conmpound obt ai negel @o%b%BnZl %B%E uas .r e%cct ed | n&t he SEU Vél?al%ta% i, (rr} Step 8
e id.

of Reference Exanpl e to give ti e co oun as a col SS
L NVR (400 MHBordDGED B i Bhdd o) mdhdd >9aHZ%]l£ 95 (1H
d, J85|—|z) 7.07-7.14 (3H, e(p'321(2|—(? 7133? t, J=8.1

Hz), 7. 94- €17 (i2He @omﬂ&ﬁnc(%%l)a @07—101_317&5[ (sM'l]a)&"' Step 9:
(1R*, 2S*) - 1- (4-chl oro- 3-f 1l uor opheny1) - 2- (4-

chl or ophenyh)puapaneolu@zdi aotneg) &: 1 The cappasng) obt aypegsyn Step 8 above
was reacted in the sane way as in Step 9 of Reference Exarrple 1 to give the
title conpdudd asiHa &allor Ile8-soldd. (7H+ MNR (400 MHz, CDCl13) 8: 1.49 (3H,
s), 1.50 (4H, rbs), 4.08 (1H, s), 6: 75 (1H, d, J=8.2 Hz), 6.94 (1H dd,
J=10.5, 1.3¥SHAESI). M z(:1434% I (R ] Fz), 7.26 (4H s). M5 (ESI) mz: 313

[ (MH1)]+. Step 10: (1R 25)-1-(4-chl orolL3-fl uorophenyl)-2- (4-

chl orophenyl ) pr opane-1, 2-di am ne The corrpound obtained in Step 9 above
was optically resolved.in he S2 as_.in St of Ref erence Exanple 1
to give theT |tl%z gor?ﬁ‘&unr?dtlas C@Oef%eﬁfdwomp eN?S’ B4z 313

Mel) ]+ chioroform 25C) - 162 - Step 1l:
ESS, 5??%‘5 Eﬁ%]lcl:g;rl L}‘é’( %op g‘n VIV~ 4- (4- ) P

chl oropheny1) - 4THEtQ¥hFHHHBZBEEQHH@d2 1hNLele 5 a o£@eY%%”g%g@g c@Ptgi ned in

Step 10 above was reac e sane way a erence

Exanpl e 1 t@eliskene Rt it %nC%WW&SR%M&@ée@&%ﬂé 1 THB Q{i%mound
was used in next reaction without being purified. Step 12: hy

(5R, 6S) - 5- thechliene- 3ohpdamaphenyl )cdi-drdess solid.

chl orophenyl) - 3-i sopr opy1- 6- net hyl -5, 6-

di hydr oi m 8&zd[E311- bl/[zZ, 3[Lhilaxeile-]12- car boxyl at e The conpound obt ai ned
in Step 11 above was reacted in the sane way as in Step 12 of Reference
Exanple 1 to give the titIe corrpound as a pal e yellow solid. 1H NVR (400
‘MHz, CDC13) 8: 090(3H Hz) , 02(3Hd J=7.1 Hz), 134(3H t,
J=7.2 Hz), Sfe@o7(3|4 él)‘Ch:iOS‘@@‘fﬁU(OrlqphﬁnylA—?S (421gh 1p r RNy 1H7)3 -

(1H, s), 6.54 7.07-7.1 H m. Step 13:

(5R, 6S) - 5- {“&t@& 52051 m&r8pfjret?ry%(t@ a@‘lazole 1, T dioxide

hl h 1)-3-
_§|h§5?g|ﬁréa;o[ihsog Tghg§%8¥8 %-&Br§5§9llca98 V& YRE E6AFGEAIIBDL ai ned

in Step 12 0 eact i he fExa le 1 to
give the t ??e‘é%aﬂma cagl efl ko sy T BRRTEGo Me TR0 do 6:
0.91 (3H, QheJtEtéeH%bmpgu%% G3Ha @ok%fﬁé%éﬂgolﬂjl8 (1H td, J=7.1, 0.9
Hz) , 189(3H s), 5.98 s), 7.20-7.38 (

'H-NMR (400 MHZ, CDCl ) &: 2.06 (3H, s), 4.74 (1H, br),
7.34-7.54 (7H, m).

"Step 8: (3S*,4R*)—4—(4—chloro43—fluorophenyl)—3—(4—

chlorophenyl)-3-methyl-1,2,5-thiadiazole 1,1-dioxide



- 163 - Reference Exanple 28 Step 1: tert-butyl

[ 2- (4-chl or ophenyl) - 1- ( 6-

chl oropyri di n- 3-y1) - 2- hydr oxy- 1- net hyl et hyl ] car banat e 4- chl or ophenyl
magnesi um brom de instead of- 4- chl araq3- £l uorophenyl magnesi um brom de was
reacted in the same way as in Step 4 of Reference Exanple 1 to give the
title conpound as a colorless solid. 1H—NNR 400 MHz, CDC13) 6: 1.45 (9H,

brs 1.57 (3H, 4. 89 H, br 5.17 (1H, br 74-6. 81
(1H? m, 7. 89 (“i# By I&Eyoufgf} %b%a%&e ep? 2% ?V%G‘”?%Hreﬁft%? &4 (1H,
br), 8.40 [ byt 2-(4-chl or.ophe

ch?oropyri i'n- §Q %) %§ thT %tergtéyl%e§%5§§§F E(;(I%mpr':%he co lﬂﬁd

obt ai ned i t a act way as in Step 5 of
Beanpl o 1 €5 gr0s Fheotr P@ac%%p%uﬁﬁloﬁ‘l%@%ﬁ%ﬁﬁgss solid L g6 - 1 e

(400 MHz, GRGH% 60@@42(9@&{5)5 3.04 (34, 9) Ifi'ﬁ ta’) 7.28-7.35
(3H m, 7.54 (2H d, J=7.6 7.71 (1H, br)846(1 ep 3:

2- am no- 1- G42¢hl geophenys) - ZHCquhUeBQ@ymudln7307yh)pmog@m-lngne The
conmpound obtained in Step 2 above was reacted in the sane way as in Step .6
of Exanpl e712flo (gHyedt hé=8Bi.8l @z¢enpoldnd (4$l,a tcolieBl.as$lzoi, | .7 .9B-(ESI7) nl z:
295 [(M+l)]+. Step 4: 2-chloro-5-[4-(4-chl orophenyl)-3-nethyl-1, 1-

di oxi do- 2, 32dihjpdro- 1, 2, 5- t hi adi azol - 3-yl ] pyri di ne The conpound
obtained in Step 3 above was reacted in the sane way as in Step 7 of
Exanpl e 1 M§ ¢FEvé)t mézti 8i’é doMpdund- as a colorless solid. 1H NVR (400 Mz,
CDC13) 8: 2.07 (3H, s), 7.53-7.62 (3H, m, 7.72-7.80 (3H, n), 8.53 (1H, d,
J=2.2 Hz), 9.11 (1H, br). NB (ESI) mz: 356 [(MH) ] . Step 5: (3S*, 4R*)

- 2-chl oro- EE % QBS lﬁR) é %dllgfqp u?ﬁ?Phe%% - (4~

3- et hyl - I OXi do- 1’ azo |d|n The conpound .

obtalned i reacte e sane way as in Step 8 of
Exanmple 1 ?8§8?§gﬁeﬂ§9Y§ ﬁggcongé&nglgglégcolorless sol i d. 1H- NVR (400 MHz,

CDC13) 8: 1.77 f§§{c§& ofn@5:bLkindd in &6a 87a§8vélbhs redz8ead z) ,
7.48-7.50 (1H m- 7 08 (IR 28 525 0 ) T8, 017806 (20, m o M (Esi) m z:

358 [ (Mrl) lhe §bﬁ@ Qay as in Step 9 of Reference Example 1 to glve
(1R*, 28*) 1- (4-chl orophenyl) - 2- (6-chl or opyri di n3-yl ) propane- 1, 2-di am ne
the title compound as a colorless solid.
TH-NMR (400 MHz, CDCls) &: 1.49 (3H, s), 1.50 (4H, rbs),
4.08 (1H, s), 6.75 (1H, d, J=8.2 Hz), 6.94 (1H, dd,
J=10.5, 1.3 Hz), 7.19 (1lH, t, J=7.8 Hz), 7.26 (4H, s).

MS (ESI) m/z: 313 [(M+1)]".

Step 10: (lR,ZS)—l—(4—chloro¥3—fluorophenyl)—2—(4—
chlorophenyl)propane-1,2~-diamine |

The compound obtained in Step 9 above was optically
resolved in the same way as in Step 10 of Reference
Exemple 1 to give the title compound as a pale yellow oil.
MS (ESI) m/z: 313 [(M+1)]". |

[aa]p=+67.4° (c=1.0, chloroform, 25°C)



The conpound obtained in Step 5 above was reacted in the sane way as in
Step 9 of Exanple 1 to give the title conpound as a pale yellowoil.

"H- NMP. (400 MHz, CDC13) 8: 1.52 (3H, s),. 1.58 (4H, brs), 4.08 (1H, s),
6.96 (2H, d, J=8.3 Hz), 7.17-7.22 (3Hiem)~ 7.57 (1H, dd, J=8.4, 2.6 Hz),
8.33 (1H, d, J=2.4 Hz). M5 (ESI) mz: 296 [(M+1l)]+. Step 7: '
(1R, 2S)-1- (4-chl or ophenyl) - 2- (6-chl oropyri di n-3- yl)propane-1, 2-di am ne

Toe ComeuEi g st Sos g 6 SRRUE IR SELL AR TSNS L T ST
T U T S AT L = PR A B AP e

(1H d, J=2.4 Hz)e {SEEI09- Jof&ited. i £NEOLOT 05 MyH34E) Sk ePe8bted
(4S, 5R) - 5- (4-chl orophenyl) - 4- (6- chl or opyri di n- 3- '

y1l) - 4- met hyhi ahdazahkdivag- 2st hhoBeep- 1166 f- Referchte e@ap@URd10RbLai ned in
Step 7 above was reacted in the sane way as in Step 11 of Exanple 1 to give
the title gampotuhd astadecobopbesd sel adpall M¥R10400iVHz, TEBDEL3) 6: 1.93
(3H, s), 5.02 (1H, s), 6.36 (1H, brs), 6.70 (1H, brs), 6.85 (2H, d, J=8.5
Hz), 7.12 ¢empodndJwgs3upeg), 1. 16x{2Headt1Pag wld tHppt PedBg7 p3@ {EikEd.m) ,
7.97 (1H, d, J=2.7 Hz). M5 (ESI) mz: 338 [(Mtl)]+. Step 9: ethyl

(5R, 6S) - 5- (4-chl orophenyl) - 6- ( 6-

chl oropyridi n-3-y1)-3-i sopropyl- 6-nethyl| -5, 6- -
dihydroini85?8[é¥i-BfFi?Sﬂ?ﬁvé?bré?ﬁﬂ65?68%9F3f§luoro??ﬁéy&6ﬁ§6dﬁd obt ai ned

in Step 8 above was reacted_in the,sane as i.n Step 12 of Exanple 1 to
gi ve the tFB 8 2BR58 18 gleOBSPBVﬂegsmggﬁyé.%1ﬁ-NNR(4oo MHz, CDC13) 6: 0. 88

(o107 MRl G Ty A -l Lot o)
br”)17-00(1H1 dTQ§86§ﬁg%ung§5g$ﬁﬁ%d in Step 11 above was reacted.
in the same way as in Step 12 of Reference Example 1 to-
give the title compound as a pale yellow solid.
'"H-NMR (400 MHz, CDCls) &: 0.90 (3H, d, J=7.3 Hz), 1.02
(3#, d, J=7.1 Hz), 1.34 (3H, t, J=7.2 Hz), 1.80 (3H, s),
3.35-3.37 (1H, m), 4.25 (2H, q, J=7.1 Hz), 5.03 (1H, s),

6.54 (2H, brs), 7.07-7.12 (5H, m).

Step 13: (5R/6S)75—(4—chloro—3—fluorophenyl)—6—]4—
chlorophenyl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[2,1-b] [1,3]thiazole~2~-carboxylic acid

The compound obtained in Step 12 above was reacted
in the same way as in Step 13 of Example 1 to give the
title'compound as a colorless solid.
'H-NMR (400 MHz, DMSO-d¢) &: 0.91 (3H, d, J=7.3 Hz), 0.98
(3, 4, J=7.1 Hz), 1.18 (1lH, td, J=7.1, 0.9 Hz), 1.89 (3H,

s), 5.98 (1H, s), 7.20-7.38 (7H, m).



J=8.8Hz), 7.49(1H,dd,J=8.3, 2.7Hz),8.20(1Hd, J=2.7Hz). M5 (ESI) m z:
476 [(M+r1l)]+. Step 10: (5R, 6S)-5-(4-chl orophenyl)-6-(6-chl oropyridin-3-

yl) - 3-i sopropyl-6-nmet hyl -5, 6-di hydr oi m dazo[ 2, 1-

b][ 1, 3]thiazol e-2-carboxylic acid -~ h&gh — . The conpound obtained in
Step 9 above was reacted in the sanme way as in Step 13 of Exanple 1 to give
the title conpound as a colorless solid. 1H NWVR (400 MHz, DVSO-dO.8: 0.76
(3H, d, J=T7. # 0.96 % , J=7.1 Hz), 1.72 (3H, s), 5.70 (1H, s),

6. 46- 6. 62 Eerﬁ'ﬁ‘:e?Ei‘%m 263H, m, 7.65 (1H, dd, J=8.2, 2.3 Hz), 8.25
(1H, s). M (ESI)on1z 44, Mr1)]. (Test Exanple 1 NUnQ/pSS bi ndi ng assay)
@1 25stahb ec of HIS p5 u5|on proteln of a

A protein dilutipn cofai ni

p53 partial p Favi-g RP53. anm-kRe—aci with a
hi stidi ne pﬁﬁtgi%g%gnd GST: (fusion n of a artlal protein
havi ng MIn2 am no ids a Ogl i ons 25¢ wth § i ne residue 33

substituted by glutam c acid, th glutathio transferase) proteins was
prepar ed usi s protein buf solution (2 HEPES pH 150 nmM NacCl,
0. 1% BSA). Thi S«*p{8 |ﬁwdﬁlut| é&déd | NaTGRERty Of well to a
384-wel | pl at egh | Nt Cat M,Elo: 3676) .
Next, a test cgtwfpound was d| th DNB produce pr, n. buf fer

sol uti on cont ai ni ng 10@6dllut|on and this buffer solution was added in an
anount of 4 glL/well, to the plate. i on cont ai ni ng
nti body

anti - GST anti body taBel ed with eufo i um cryptat e, ing/ Cisbhio

Bi oassays, catal og No: 61GSTKLB) at concentrations of 2.5 pg/nL and 0.325
pg/ m., respectively, was prepared using an anti body diluting buffer
solution (20 nM HEPES pH 7.4, 150 mM NaCl, 0.1% BSA, 0.5 M KF). These

di lutions @@r% add%@ﬂtnb%quwq@nt fer8 JUdpieldy 1(tatalg reacti on sol ution
vol une: 20 pl/well). Then, "the pl ate was left at 25C for 1 hour.

Tine-resolnghjﬂdﬁ@&Q§ﬁm¥uyayat_@ZannQD MaWAE JRASUIEed-maadE excitation
wavel ength of 320 nmusing a plate reader (ARVGsx, PerkinEl ner Co., Ltd. or
PHERAst ar, BMG UWABRECHpphRay i oméBhewasamcdlromlidtednesicnd tlie 4reasur ed val ues
(RFU 620 nm and RFU 665 nm) according to the followng formula: R = (RFU
665 nm Bl - ChREY 620 fimorRpUe620 magBle s inma surced dealwees atea@B8dhmrof reacti on
solution (only each buffer sol ution) nonsupplenented with each protein, the
conpound, &h¢ tSeEcamaEvbed é8 Sterordr edt iRat ofrancsy ExampAeBl)) /o give A and D
each neasured value at 665 nm and 620 nm of reactlon sol ution suppl enent ed

S with only EGE d6¢1L6d CORECRSE At iBb6RE Folars eplid

'H-NMR (400 MHz, CDCli) o&: 1.45 (9H, brS); 1;57 (3H, s),
4;89 (1H, br), 5.01 (1H, br), 5.17 (1H, br), 6.74-6.81
(1H, m), 7.09 (1H, brs), 7.17-7.21 (1H, m), 7.28-7.36 (2H,

m), 7.64 (1H, br), 8.40 (1H, br).

Step 2: tert-butyl [2-(4-chlorophenyl)-1-(6-
chloropyridin-3-yl)-1l-methyl-2-oxoethyl]carbamate

The compound obtained in Step 1 above was reacted in
the-same way as in Step 5 of Example 1 to give the title

compound as a colorless solid.



The R value calculated fromthe well supplenented with Hi s-p53, GST-Mn2,

t he test conmpound, and each anti body was defined as R (sanple). The R val ue
calculated fromthe well supplenmented with Hi s-p53, GSTMiInR2, and each

anti body but wi thout the test conpoundewass - 169 - defined as R (control).
The R value calculated fromthe well supplenmented with GST-MIn2, the test
conpound, and each antibody but w thout H s-p53 was defined as R

(background). T/C was cal cul ated fromthe formyla sha el ow. An 1C50 .

val ue for V\%ﬂﬁb@/l%Sé‘l%@ ndihg Q\B%l@alaéullat*?’ <t%}{'mi‘tlb‘r?di'd %‘El ¢Fg”.' The resul ts
are shown i.n,Tfahle 1 PhCq= 2R ( lye) ~Rc(;backgr aun / ontrol)-R
(backgroung)'flgTﬁéL%Kegﬁl)fs7ér§g gﬁgv?/n (i:%la’lTa)I’e-72'(l.’)3.(é1 a(_zlg??(%g_ dﬁa(t?r{é‘(zgo]

| C50(W Corpeynd @f Bxanpke s Q10028,Conpound of Exanple 2 0.0022 Conpound

of Exanple 3 0.0039 Conmpound
Step 3: 2—amino—1—(4—chlorophenyl)—2—(6—chloropyridin—3—
yl)propan-l-one
The compound obtained in Step 2 above was reacted in
the same way as in Step 6 of Example 1 to give the title
compound as a colorless oil. |

MS (ESI) m/z: 295 [(M+1)]" .

-Step 4: 2—chloro—5—[4—(4—chlorophenyl)—3—methyl—1{1—
dioxido-2,3-dihydro-1,2,5-thiadiazol-3-yl]pyridine

The compound obtained in-Step 3 above was reacted in
the same way as in Step 7 of Example 1 to give the title
compound as a colorless solid. |
1H-NMR (400 MHz, CDCl3) o: 2.07 (3H, s), 7.53-7.62 (3H,
m), 7.72-7.80 (3H, m), 8.53 (1H, d, J=2.2 Hz), 9.11 (1H,
br).

MS (ESI) m/z: 356 [(M+H)]".

Step 5: (357,4R")-2-chloro-5-[(3S,4R)-4-(4-chlorophenyl)-

3-methyl-1,1-dioxido-1,2,5~-thiadiazolidin-3-yl]lpyridine
The compound obtained in Step 4 above was reacted in

the same way as in Step 8 of Example 1 to give the title

compound as a colorless solid.

4-NMR (400 MHz, CDCls) &: 1.77 (3H, s), 4.95 (1H, d,

J=5.0 Hz), 7.09 (2H, d, J=8.2 Hz), 7.25 (2H, d, J=8.2 Hz),



of Exanple 4 0.0025 Conmpound of Exanple 5 0.0053 Conpound of Exanple 6
0. 0024 Conpound of Exanple 7 0.0036 Conpound of Exarrpl e 8 0.0022 Conpound
of Exanple 9 .0.0041 Conpound _

- 165 -

7.32 (1H, d, J=8.5 Hz), 7.48-7.50 (1H, m), 7.95 (1H, d,
J=5.0 Hz), 8.01-8.06 (2H, m).

MS (ESI) m/z: 358 [(M+1)]"

Step 6: (1R",2S8")-1-(4-chlorophenyl)-2-(6-chloropyridin-
3-yl)propane-1, 2-diamine-

The compound obtained in Step 5 above was reacted in:
the same way as in Step 9 of Example 1 to give the title
compound as a pale yellow oil.

'H-NMR (400 MHz, CDClj3) &: 1.52 (3H, s), 1.58 (4H, brs),
4.08 (1H,.s), 6.96 (2H,.d, J=8.3 Hz), 7.17-7.22 (3H, m),
7.57 (1H, dd, J=8.4, 2.6 Hz), 8.33 (lH, d, J=2.4 Hz).

MS (ESI) m/z: 296 [(M+1)]1°

Step 7: (1R,2S5)-1-(4-chlorophenyl)-2-(6-chloropyridin-3-
yl)propane-1,2-diamine
The compound obtained in Step 6 above was optically

resolved in the same way as in Step 10 of Exémple 1 to

give the title compound as a yellow oil.

'H-NMR (400 MHz, CDClj3) &: 1.52 (3H, s), 1.58 (4H, brs),
-"4.08 (1H, s), 6.96 (2H, d, J=8.3 Hz); 7.17-7.22 (3H, m),

7.57 (1H, dd, J=8.4, 2.6 Hz), 8.33 (1H, d, J=2.4 Hz).

[a]lp=+69.4° (c=2.0, chloroform, 24°C)

Step 8: (4S5,5R)-5-(4-chlorophenyl)-4-(6-chloropyridin-3-

yl)—-4-methylimidazolidine-2-thione
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The compound obtained in Step 7 above was reacted in
the same way as in Step 11 of Example 1 to give the title
compound as a colorless solid. '

'H-NMR (400 MHz, CDCl;) 8: 1.93 (3H, s), 5.02 (1H, s),
6.36 (lH, brs), 6.70 (1H, brs), 6.85 (2H, d, J=8.5 Hz),
7.12 (1H, d, J=8.3 Hz), 7.15 (2H, d, J=8.3 Hz), 7.25-7.30
(l1H, m), 7.97 (1H, d, J=2.7 Hz).

MS (ESI) m/z: 338 [(M+1)]".

Step 9: ethyl (5R,6S)-5-(4-chlorophenyl)-6-(6-
chloropyridin-3-yl)-3-isopropyl-6-methyl-5, 6-
dihydroimidazo[2,1-b] [1,3]thiazole-2-carboxylate

The compound obtained in Step 8 above was reacted in
the same way as in Step 12 of EXamplé 1 to give the title
compound as a colorless solid.
'"H-NMR (400 MHz, CDCl;) &: 0.88 (3H, d, J=7.1 Hz), 1.01
(34, d, J=7.1 Hz), 1.33 (3H, t, J=7.1 Hz), 1.83 (3H, s),
3.32-3.43 (1H, m), 4.26 (2H, q, J=7.2 Hz), 5.12 (1H, s),
6.68-6.81 (2H, brm), 7.00 (1H, d, J=8.3 Hz), 7.09 (2H, 4,
J=8.8 Hz), 7.49 (1H, dd, J=8.3, 2.7 Hz), 8.20 (1lH, d,
J=2.7 Hz).

MS (ESI) m/z: 476 [(M+1)]%.

Step 10: (5R,6S)-5-(4-chlorophenyl)-6-(6-chloropyridin-3-
yl)-3-isopropyl-6-methyl-5, 6-dihydroimidazo([2,1-

b][1,3]thiazole~2~-carboxylic acid
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The compound obtained in Step 9 above was reacted in

the same way as in Step 13 of Example 1 to give the title
'compound as a colorless solid.
'H-NMR (400 MHz, DMSO-dg) : 0.76 (3H, d, J=7.1 Hz), 0.96
(34, d, J=7.1 Hz), 1.72 (3H, s), 5.70 (1H, s), 6.46-6.62
(2H, m), 7.15-7.29 (3H, m), 7.65 (1lH, dd, J=8.2, 2.3 Hz),
8.25 (1lH, s).

MS (ESI) m/z: 448 [(M+1)]".

(Test Example 1 Mdm2/p53 binding assay)

A protein dilution contaiﬁing 6.25 nM each.of His-
p53 (fusion protein of a p53 partial protein having p53
amino acids at positions 1 to 132, with a histidine
protein) and GST-Mdm2 (fusion protein of a Mdm2 partial
protein, having'MdmZ amino acids at positions 25 to 108
with leucine residue 33 substituted by glutamic acid,
with glutathione transferase) proteins was prepared using
a protein buffer solution (20 mM HEPES pH 7.4, 150 mM
NaCl, 0.1% BSA). This protein dilution was added in an
amount of 8 uL/well fo a 384-well plate (384-well low
volume NBC, Corning Inc., catalog No: 3676).

Next, a test compound was diluted with DMSO to
produce protein buffer solution containing 10% dilution,
and this buffer solution was added in an amount of 4
pL/well to the plate.

VSubsequéntly; a solution containihg an XL665-labeled
anti-His antibody (HTRF monoclonal anti-6HIS antibody

labeled with XL665 (catalog No: 61HISXLB),
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Schering/Cisbio Bioassays) and a europium (Eu)-labeled
anti-GST antibody (HTRF monoclonal énti—GST antibody
labeled with europium cryptate, Schering/Cisbio Bioassays,
catalog No: 61GSTKLB) at concentrations of 2.5 pg/mL and

0.325 pg/mL, respectively, was prepared using an antibody

diluting buffer solution (20 mM HEPES pH 7.4, 150 mM NacCl,
0.1% BSA, 0.5 M KF). These diiutions were added in an
amount of 8§ pL/Qell (total reaction solution volume: 20
pl/well). Then, the plate was left at 25°C for 1 hour.

Time-resolved. fluorescence at 620 and 665 nm was
measured at an excitation wavelength of 320 nm using a
plate reader (ARVOsx, Perkinklmer Co., Ltd. or PHERAstar,
BMG LABTECH). Ratio (R) was calculated using fhe
measured values (RFU 620 nm and RFU 665 nm) according to
the following formula:

R = (RFU 665 nm-BI-CxRFU 620 nm)/RFU 620 nm

BI: measured value at 665 nm of reaction solution (only
each buffer solution) nonsupplemented with each protein,
the cémpound, and the antibodies_

C (correction factor) = (A-BI)/D

A and D: each measured value at 665 nm and 620 nm of
feaction solution supplemented with only Eu-labeled anti-
GST antibody solution.

The R value calculated from the well supplemented
with His-p53, GST-Mdm2, the test compound, and each
antibody was defined as R (samplé)._ The R value
calculated from the well supplemented with His-p53, GST-

Mdm2, and each antibody but without the test compound was
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(Test Example 2 Cell growth inhibition assay)

A cell growth inhibition assay was conducted using

human lung cancer-derived cell line NCI-H460 having wild-

type pS53.
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NCI-H460 cells were suspended in a medium (RPMI1640
medium containing 10% fetal bovine serum) and the
suspension was inoculated in an amount of 500 cells/150
uL/well to a 96-well multiwell plate. A test compound
was diséolvedlin DMSO and this solution was diluted with_
medium to prepare a sample solution (DMSO concentration:
1% or lower). On’the next day of inoculation, medium
nonsupplemented with the test compound or the sample
solution was added in an amount of 50 pL/well. The MTT
assay was conducted immediately after the medium was
added in an amount of 50 uL on the next day of cell
inoculation, and after the sample solution or the medium
was added to cells followed by culturing at 37°C for'3
days in a 5% CO, atmosphere. The MTT assay was conducted
as shown below.

.A 5 mg/mL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

-diphenyltetrazolium brémide, Sigma—Aldribh Co., M-2128)
solution waé prepared using a phosphate buffer solution
(Dulbecco's Phosphate-buffered Saline). This MTT
solution was added in an amount of 20 pL/well. Then, the
plate was cultured at 37°C for 4 hours in a 5% CO;

- atmosphere. The plate was centrifuged at 1200 rpm for 5
minutes and then the culture supernatant was removed by
aspiration using a dispenser. DMSO was added in an
amount of 150 pL/well to dissoclve generated ermazan.

The plate was stirred using a plate mixer for uniform
color development from each well. The absorbance of. each

well was measured under conditions of OD 540 nm and
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reference 660 nm using a plate reader (SpectraMax PLUS384,
Molecular Devices, CA, USA).

The OD value measured on the day of adding the
sample solution was defiﬁed as S. The OD value measured
three days after addition of the sample solution was
defined as T. The OD value measured three days after
addition of the DMSO dilution was defined as C. T/C (%)
was determined at each concentration according to the
calculation formula shown below to prepare a dose
response curve, from which 50% growth inhibition
concentration (Gim value) was calculated.

T/C (%) = (T-S)/(C-S)x100 |

The compounds of Examples 1 to 6, 8 to 10, 15, 16,
18 to 25, 27, 29, and 31 exhibited anti-cellular effect

of GIso (uM)<0.4. The compounds of Examples 7, 11 to 14,

17, 26, 28, and 30 exhibited anti-cellular effect of

0.4<GIsp<2.5 (}.I.M) .

(Test Example 3 Anti-tumor activity test)

A human osteosarcoma cell line SJSA-1 or SJSA-1-RE
(cells in which a p53 réporter gene was incorporated in
SJSA-1) was subcutaneoﬁsly transplanted to nude mice
(BALB/C-nu/nu SLC, male, Japan SLC, Inc.). At the point
in time when the tumor‘size reached approximately 100 to
200 mm®, the mice were divided into groups (6 mice/group).
A test compound was suspended in 0.5% methylcellulose
solution and orally~administered twice.a day (bid) at a

dose of 50 mg/kg for 4 consecutive days. After 2-day
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drug holiday, the mice were dissected, the tumors were
excised and then'their weights were measured.

The anti-tumor effect (IR (%)) was calculated
according to the following formula:

IR (

o©

) = [1-(average tumor weight of compound-
administered group/average tumor weight of untreated
control group)]x100.

The compound of Example 2 exhibited anti-tumor
effect of 50<IR (%)<70. The compounds of Examples 3, 4,

6, and 9 exhibited anti-tumor effect of 70<IR (%)<100.

(Test Example 4 Metabolic stability test)

100 pL of 100 mM.phosphate buffer solution (pH 7.4)
containing 3 puM test compound was added to 100 upL of
reaction solution containing 100 mM phosphate buffer
solution (pH 7.4), BO-mM glucose 6-phosphate, 10 mM
MgCl,-6H,0, 3 units/mL glucose 6—phosphate l1-dehydrogenase,
and 0.3 to 1.5 mgP/mL human liver microsomes and the
mixture was incubated at 37°C for 20 minutes. Then, 70
pL of 100 mM phosphate buffer solution (pH 7.4)
containing 3 mM NADP+ was added and the mixture was
furtﬁer incubated at 37°C for 30 minutes to conduct a
microsomal metabolism test. The compound was quantified
by the internal standard method using a gquadrupole mass
spectrometer connected to a high performance liquid
chromatography apparatus. The metabolic stability
(residual percentage of compound: MS%) was determined

according to the following formula:
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MS (human) (%) = (peak area ratio of test compound

after addition of NADP+ and incubation for 30
minutes) / (peak area ratio of test compound before
addition of NADP+)x100.

(peak area ratio: peak area of test cbmpound divided by

that of internal standard substance)

The results are shown in Table 21.
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. and a C1-Cg alkyl group;
Ar, represents a'phenyl group which may have one or more
substituents selected from a halogen atom, a C;-Cg¢ alkyl
group, and a cyano group, or a pyridyl group which may
have one or more substituents selected from a halogen
atom, a C;-Cs alkyl group, and a cyano group;
R! represents a C;-Cg alkyl group which may have one or
ﬁoré subétituents selected from a halogen atom, a hydroxy
group, a C;-Ce alkoxy group, é carbamoyl group, an amino
group, a C;-C¢ alkanoyl group, and a cyano group, a C;-Cs
alkanoyl group which may have one or more substituents
selected from a halogen atom, a hydroxy group, a C;-Csg
alkoxy groﬁp, a carbamoyl gioup, an aminé group, and a
cyano group, a hydrogen atom, or a hydroxy group:;
R? and R® each independently represent a C;-Cs alkyl group

which may have one or more substituents selected from a



[Gaim8] A conpound represented by the following formula: - 180 - [Qdaim

9] A conpound represented by the follow ng fornula: [Caim10] A

conmpound represented by the following formula: [Caim 11] An

i nhi bitor of Min2 conprising a conpqeund,according to any one of cl aims 1to

10 or a salt thereof. [C aim12] An inhibitor of p53-MIn2 binding

conprising a conmpound according to any one of claims 1 to 10 or a salt
"thereof. [Claim13] - 181 - A nmedi canent conprising a conpound
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to any one 0 al s of ctur’e of a
”Ed'canentor[gkaéﬂﬁlﬁ} may together form an oxo group, or R® and R’

tdgether with the carbon atoms to which R? and R® are
respectively bonded.may form a 3~ to b-membered saturated
hydrocarbon ring in a spirb or condensed form;
R* represents a C;-Cg alkyl group which may have one or
more substituents selected from a halogen atom, a hydroxy
group, a C;-Cg alkoxy group, .a carbamoyl group, an amino
.group,.a C1-C¢ alkanoyl group, and a cyano gréup;
R® represents a C;-Cg¢ alkyl group which may have one or
more substituents selected from a halogen atom, a hydroxy
group, a C;-C¢ alkoxy group, a carbamoyl group, an amino
group, a Ci—analkanoyl group, and a cyano group;
R® represents a halogen atom or a hydrogen atom; and
R’ represents a halogen atom.
 [Claim 2]
A compound represented by general formula (2) or a.

salt thereof:

F

2

wherein
R! represents a C;-C¢ alkyl group which may have one or

more substituents selected from a halogen atom, a hydroxy



An anti cancer agent conprising a conpound according to any one of clains 1

to 10 or a salt thereof as an active ingredient. [C aim 17] A net hod
for treating cancer, conprising adm nistering a conpound according to any
one of claims 1 to 10 or a salt thereqgfzg [-C ai m 18] An anti cancer

agent according to claim 16, wherein the cancer is any selected fromlung
cancer, breast cancer, prostate cancer, colon cancer, acute nyeloid
| eukem a, mal i gnant Iynph retlnoblastona neu oblastona and sarcona.
[Cl aim19] 9FCUPs A ﬁéfﬁ@daf}g?XX rER Ry RancEPaBek r%ﬁ“ﬁbpt an| arm'e7,

wherein the _cancer k§ ?ny el ect d fromlung cancer
cer®

cancer, pr@gfﬁ?@ &a L aﬁ%%?uPacﬁ? %y%y i ? %%h] hgflgnant
| ynphone, raeitléar}l%lyla%tr%% vﬂ%%rhoma%/s'[h%r@e oq{-éd o%arn?borrgi'substltuents

selected from a halogen atom, a hydroxy group, a C;i-Cs
alkoxy group, a carbamoyl group, an amino group, and a
cyano group, a hydrocgen atom, or a hydroxy group;

R? and R® each independently represent a C;-Cg4 alkyl group
which may have one or more substituents selected from a
halogen atom, a Hydroxy group, a C;-Cg¢ alkoxy group, a
carbamoyl group, an amino group, a C;-Cg¢ alkanoyl group,
and a cyano group, a carboxy group, or a hydrogen atom,
or R2 and R’ may together form an oxo group, or R? and R®
together with the carbon atoms to which R? and R®.are
respectively bonded may form a. 3- to 5-membered saturated
hydrocarbon ring in a spiro or condensed form;

R' represents a C;-C¢ alkyl group which may have one or
more.substituents'selected from a halégen atom, a hydroxy
- group, a Cl—Cg alkoxy group, a carbamoyl group, an amino
group, a C;-Cs alkanoyl group, and a cyano group;

R’ represents a C;-Cg¢ alkyl group which may have one or
more substituents selected from a halogen atom, a hydroxy
group, a C;-C¢ alkoxy group, a carbamoyl group, an amino
group, a C;-C¢ alkanoyl group, and a cyano groﬁp;

R® represents a halogen atom or a hydrogen atom; and

R% represents a halogeﬁ atom.

[Claim 3]

A compound according to claim 1 or 2 or a salt

thereof, wherein R' is a C;-Cs alkyl group, a Ci-Cs
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alkanoyl group which may be substituted with one or more
halogen atoms, or a hydrogen atom.
[Claim 4]

A compound according to any one of claims 1 to 3 or
a salt thereof, wherein R! is a Cl—Cg alkyl groué.
[Claim 5]

A compound according to any one of claims 1 to 4 or
a salt thereof, wherein R’ is a C;-Cg alkyl group.
.[Claim o] A compound represented by the following

formula:

,.Qq

[Claim 7]

A compound represented by the following formula:

[Claim 8]

A compound represented by the following formula:
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[Claim 9]

A. compound represented by the following formula:

F _
Cl
N\NJ/j

[Claim 10]

A compound represented by the following formula:

[Claim 11]

An inhibitor of Mdm2 comprising a compound according
to any one of claims 1 -to 10 or a salt thereof.
[Claim-12] |

An inhibitor of p53-Mdm2 binding comprising a
compound according to any one of claims 1 to 10 or a salt
thereof.

[Claim 13]
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A medicament comprising a compound aécording to any
one of claims 1 to 10 or a salt theréof as an active
ingredient.

[Claim 14]

A pharmaceutical compoéition comprising_a compound
according fo any"bne of claims 1 to lO:of a salt thereof
and a pharmaceutically acceptable carrier.

[Claim 15]

Use of a compound éccording to any one of claims 1
to 10 or a salt thereof for the manufacture of a
medicament.

[Claim 16]

An_anticancer agent comprising a compound according
to any one of claims l:to 10 or a salt thereof as an
active.ingredient.

[Claim 17]

A method for treating cancer, comprisiﬁg
administering a compound according to any one of claims 1
to 10 or a salt thereof.

[Claim 18]

An anticancer aéent according to claim 16, wherein
the cancer is any selected from lung cancer; breast
cancer, pfostate cancer, colon cancer, acute myeloid
leukemia, malignant lymphoma, retinoblastoma,
neuroblastoma, and sarcoma.

[Claim 19]
A method for treating cancer according to claim 17,

wherein the cancer is any selected from lung cancer,
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- breast cancer, prostate cancer, colon cancer, acute
"myeloid leukemia, malignant lymphoma, retinoblastoma,:

neuroblastoma, and sarcoma. ' - T



