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1 DESCRI PTION TRI - OR
TETRA- SUBSTMITED- 3- AM NOPYRROLI DI NE DERI VATI VES 5

TECHNI CAL FI ELD [ 00011 This invention

relates to a quinolone synthetic antibacterial drug

which is useful as a drug fer RAuman, aninmals, 10 or

fish, or as a antibacterial preservatives. [BACKGROUND

ART] [0002] Since discovery of norfl oxacin,

anti bacterial activity and 15 pharnacokinetics of

qui nol one synthetic antibacterial drugs (including

t hose contai ni ng pyri doegoroxazome skel eton) have been

greatly inproved, and, today, they are used in

chenot herapy for infections i ' I

syst em R ﬁi/Pe'EﬁPE?ﬁ@,J BQWEQ'Q%H%%&I%PE@AX%E S

in clinical use (see Patent docunent 1 or 2). 20[ 0003]
TECHN @AY FLELDact eria exhibiting |l ow sensitivity for

[ooodyi nol one synthetic antibacterial drugs have been -

[9508! Lo LACI GRILAIG R ELSa IRRN dh Glpiabofi el d.

. .For “exanpl e, cieria wil e resistant hp drugs . 1
ant 1hagter Ah L i Mot he s YRERBE| €5 dhtd BEb Cor SPm98: el s:
or fighd @K eh al 3 bantsaialoRreeesyaiiviass to qui nol one

synthetic anti bacterial drugs are increasing such as
[BACKGRavBOskt] ve coccus |ike Staphyl ococcus aureus (MRSA)
[ooo@?d pneunococcus (PRSP) insensitive to B-lactam
antibiotics and enterococcus, (VRE) .insensitjve to .
aRTABY| S Yamti BREL LPFAF -t L?d{t.lbﬂé’ESF B?Lgﬁ‘?l‘@(w and
pharmehekénetsices a1 ongnellone caynideefuiv agrbacieygal drugs
{inclexibhdi therge atoritainawnedpet { @shdnenesd niko sk hat o)l iHawe been
greati9CeHsSrodd004hd, N chhgymeanwhid.e aRld BackBthétherapy for
ingecdthh! Lo la fnep el Aoy P! Qpad, qul Nolanes SYDL el & 1arge
ant L bact erial conpounds ar y far stronger an
numbef o PRef G FdAE SYARRER St (955 FBFFRF g‘a‘glﬁb?ﬂﬁsl or 2) .
{0008kee Patent docunents 3 or 4). However, nmany such )
qHOWSaN e eenpaindeRaib g dy dovarknbaciei tyal f@actguinby one
synthBRYE 8enJeReEedal-RgRNedHe & ctirdeebhetl Sihasad 0 in its
numbeghi’s'c?iagg'c%%' f‘irelﬁr.‘a%‘%:"%'x%g' E?' ﬂ%&é’f‘j{a{‘%%ss&féed

rn 't he forirer qui nol one syn Ret’ c ant | bacteria .
resistafpdith e 19 o PLERANPRER FEAGLDE SHETEPRLT pds R trr i3t
drugst handdhiigibs plsoi exhobit oy comsdiAds tHuko t@Lqlene
synthef { e idiach cas adeyelgpreyd iglcrabrangabubh ool Gatceeeitive

coccuk €Vle RRPAALOXEELE YauMuLdahREad ahbepfundoccus (PRSP)
evelopnegg of convul sion,, and_deve] opnent andv%% as
e {

] d
inseng iy Yoavs  BEEAT abd %Fn 2BBnE oAt WAL her

insengitive to aminoglycoside antibacterial drugs. Accordingly,
there is a strong clinical demand for a drug exhibiting an
improved effectiveness to Gram positive coccus.

{0004] )

In the meanwhile, antibacterial activity of recently
developed quinclone synthetic antibacterial compounds are by far
stronger than former guinolone synthetic antibacterial compounds
{see Patent documents 32 or 4). However, many such guinolone
compound having high antibacterial activity have been reported to
prodﬁce side effects based on physiological or pharmacological
action not observed in the former quinolone synthetic
antibacterial compounds. For example, restrictions are imposed on
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5 words, many conpounds have been found to be
insufficient in their suitability as a drug due to the
strong side effects despite their high antibacteri al
activity. Accordingly, a drug design nethodol ogy which
is different fromformer cémpounds is required to
thereby prevent the situation that a highly

anti bacterial 10 conpound can not be developed as a

roducti on of side effects,

the afpiih SR 4R ER e CborBidte e, £F1 it (i qifs such as
deve lepipait é)fofabﬁpéﬂﬁel keed OMFessd LaHEEh Prdiptoxicity, or
delayedrnslldegah| prhdghe botudyec todr icahvatsion) yambrievedbpeent and
use as$idddly havkhpsen Mdpdfire@nVantbRBatoREERANASTn abthat
wordst %@?g%mﬁogﬁdf,m:%f& Beerp rf%\é#geg 1§e%ﬁ&%ﬂc&%@tl Eythelr
suitabiiits 3FpPedriy g‘ﬁ“%atf“ett%ewstt%f}? §%@I% T rSs deFBBE%] their
high #deipickeyisideceiviuls dhtehdiraly beerlrugpdeséan | or .
methoddlogitvh@bRNes sgif fedtdrt adrbmbacteer atoR@riids iBCkudeired
to thé:!hcﬂiﬁ#alr%(}eﬁé £Rs GOV SIpn tﬂ§§°&' ﬂi?ﬁﬂ’“éﬁl%%@@@ﬂgﬁm

r0|dal nti - J cent 3
compoufif clip BobrHE | GETS GeghaoeantF AT FOT K dHECo s h ori L
effectfs r &B| PRREY H@%@éehé apHoR ﬁ%ﬁfﬁﬂdﬁlé’ngéﬁl rgguied thgs is
capablsi ¢ efrbduting uchr@potedewbpaenbanfa |etdswilderably high
ant ibse@ b3 88 i vIRPtInParablilY 6PhOLIRSENSIdd \Whokk, of the
conver 19RES! géﬁéé&ﬁfds,a%dzi}%@hg' i&&%"&irﬁé’ <APng nﬁ# %ed

wien SEbITUFECHR S AR ke 2LIRYR GE 1 Gy CoRRERY =5 2

drug, é@ﬁbﬁﬁﬁmpéﬁtuhﬁﬂﬁlﬁ&i@@YIEWEhO%ee%§¢Qn%ﬁﬁﬂ9§ﬁt docunent s
[00051 to 3). [0006] 30OF the side effects as nentioned
@’Q@t«ﬁ]ﬁlaﬂr Widd GAHeck8CRALLEY KAROTHRG %'eFBkEéJi £858%e
qulnoﬁoli]l\éo %Stﬁgl;]déi not??tlb c&gﬁggl ha?%éﬁtg bg_}%{lﬁ% ! E%ghggygl%L n(?f
Con"ulc?floé‘l Gl ei:ﬂ d@F&nFRPFﬂ‘“b?%‘P nyEd C@T%POQ?EerOldal fant -
inflammateryadgentSomentamvenrchadny (Lakatlisisle ddohbl emrtral nerve
disordanti bach eid alesdd nagenkadbene, haenh irgpanhiadak owplDAdce

seriou@l %%&éyef’féﬂ@i‘%@h%soﬁegfoﬁrﬁgrﬁi A 1eRehYdE8G SR

Setio S, y of ctr.ocar di ogram
protorBRELAY GRRRDAAMIBLIR L ) e S i o fiiant s 1 to

card1°§?X1%&§% F§b6¢¥%ﬂmﬁﬁét¥|%Rﬁ%ﬁ?%ﬂnﬁ? SGic RPRSTIAHLTES iU
electrofardsdgrashinitchs indesest t lafhalelsaydgtamial gydebaneHt0
allerggbnan@edbrimnd ghueese bBy®) .1evdl] QRQé] Non-patent
documeAEEOL dinglyy, in order to enable use the quinolone

[ooosfnt'baCter'al agent as a human or animal drug, there

s a demand for a quinolone synthetic antibacteri al
g erie iHidenh sift§epEB VR R WGl ROV Rpr BYER SkFasty tRICERtLY

reporta@akkinisiade cekkectiaveliod @srdirduetiicdnyof(a clossat si on

abnormASSOF | Bl 1wt ﬂeﬁﬁﬁﬁ%&ﬁlﬂfﬂhﬂ%ﬁ wohicd RensheLdiilas an
abnormgf%%)(lc@ 'é@é@&%f éﬂ%@da%%ﬁ%{ ro@.%k%;ga PhoL Q;?qo xicity

) osensitivit oXI ClI
intervaile SPRECPAMBERhIA Y &AL E?B}?cwﬂyno eay?é]c’flﬁ’lafzéﬁ’g‘iral
agents apaive hiesmmgepgkiedseo mrdsiussd dleaslly brnobvigsd 3 @z, QTC
1nterv&heirﬁ:]hﬁ'11atgsbbﬁégs§|ﬁiw dafesa (gbhBEheDECEOFPOUNd

electré&ﬂ&f@'}%ﬁu ueﬁﬁ’%/ P@ﬂ'xé’ﬂ ta'%x@ly%hﬁlggg 51‘1 bﬁaﬁfe@fﬂ al

Lve

1 VI 3
docurefit it 1] SR APOBEEaNEE b 1% 415 T Y0P A BR No.

1nduct3(c3}'pq£) r@fhzgggggh is a esult of delayed allergy, and
abnormal bleood glucose level. :
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15[ Pat ent Docunent 2] JP-A 63-45261 [ Patent Docunent
3] JP-A 2-231475 [Patent Docunment 4] JP-A 3-95176

[ Non- pat ent Docunent 1] Hiroyuki Kobayashi Ed.,
“Cinical Appl i cations of New qui nol one Agents",
| yaku- Jour nal - Sha (2001) 20§ Non- pat ent Docunent 2]
Drugs, Vol. 62, No. 1, page 13 (2002)
[ Non- pat ent Docunent 3] Toxicol ogy Letters, Vol. 127,
ge 269 (2002) 25 DI SCLOSURE OF THE | NVENTI ON
[000 LEMS TO BE SOLVED BY THE | NVENTI ON [ 0008
| Aesrredingl v hénsprdar i on enpkdes @sebbhe aoiieolate obj ect
antibaftéhia praecent asndehtuhan ¢S drdmpriodirdg, atlgendal Ore demand

for asé_ﬁrﬂﬁ@fdr% %t}n@ﬂtewecaﬁﬂ@c@%tl agéna mféz@pfytgx%mded
with glg dlré%ro%eda satfengg{ule“ am@a{kc sutgi' %f %1(5? H 1.?@"? Cats L:Jl.nductlon

of CO%%H%% aéﬁeceaﬁﬁﬁin@b‘é’%%%ttéﬂ ausﬁn‘afv%ﬂﬂ?s&reéc’l@al
anti-ahEhanmisgllry sgéat, 36eEANS aeORoSOL YIS T¢4E BROBLEMS
(photd)@&wﬁu[v@&%rll dhe heyedtya catyl haspResENs | IRNEifGact s
such fo‘%%%%&@?tyw&éiér%% a‘ifieQ f°§H§'£&9m9ﬂnaai camRauad
blood i Oﬁ%r rg %_ I%)roug1 %t gl t1on

%‘F VP pus 6f%a ﬁoaoﬁﬁ 01 & EBrpothd®
quinojeng w@rr@@urléeswu%h@mﬂﬁééft Pg‘@f’?-@ﬁd YHeh A S4%Aat or s
antibd@isd althat taviuy nahd ne Ieanpeoendokavi tg. an 3-

ESHHRRRY DolhindhBY b1 9 QuEnabl %ﬂeimt pp12Eat 8bharaid-open No.
(JB- A)SueﬁStz'stz yted at positions 3 and 4 represented by the
formula;  RFIR6 R1/NR2 5 which has
s[Lﬁ?stteFttugﬂ

FURFR Tl R PpiféatP$ehn al i phati c
siftsdentuBacunent il cEr-BoR-3BdAvYat position 3, and one
olraitentsnbstménted1s awhiach -ase7al so typically an
aﬂNo?lhi‘:EEEn§ U@é&drﬁé&&ntﬂoﬁlﬂﬂﬁuﬁﬁr@@&ﬂs@m 3 .POSthifNefh

Appll(fa%lo&s ogaﬁew cllulno%nale Agengng a{]t I}?acat eurl %.ll %%t | E%Bé{l

am posi t M iegat | T era el
1@%@@@%@%@%“@ & PEeaE; v'\éo%oc‘iﬁ é\{?ch lasPaEft 1Dl e
(2002)drug resi stant pneunpcoccus having the resistance for
quonobatent TH-unaNter Sorh 661dPpNck du¥als, Swell. 127, page
269 (A¢nol one conpound has not only such high
ant| bacterial activity but also | ower cardiotoxicity
ared to the quinolone antibacterial drugs whose
DISCLO@&’ QFOW%F‘W@%% recently been reported in
PROBLEMS tT'DcaE POTACRD Y a3 Ea IVENTEPN¥ ect of the quinol one
fooog@nti bacterial drugs. It was also found that this

%B”@Q«%‘dof‘a&lef QUG s BhSKs Ofie PLOANG 18 o3LdCGT EEFLS of

the present 1nvent:i_on is to provide a gquinolone synthetic
antibacterial agent and a therapeutic agent for an infection which
exhibit broad spectrum and strong antibacterial activity for both
Gram positive and Gram negatlve bacteria, and which are also

highly safe.

MEANS FOR SOLVING THE PROBLEMS

[0008] -[0011}

The inventors of the pregent invention have conducted
investigation by focusing on a compound which has 3-
aminopyrrolidinyl group at position 7 or equivalent position of a
guinclone compound. In the course of the investigation, the



10

15

20

25

30

del ayed all ergy and abnornmal bl ood gl ucose level. It
was al so found that this conpound has excellent ora
absorptivity, organ 20 permability, and excretion
rate in urine. Accordingly, the inventors of the
present invention have founfl that the quinol one
conpound represented by fornmula (1) is a quinol one
synthetic antibacterial drug which has excellent drug

ertle ncl udi n cellent ant] cterlal ctivity
mverllGRBOELER B i ngage S0t & 5
amlnoﬁ’h’&i”ﬁﬂié@k‘ﬂ%tﬂ@? ThaChr éSeb¥it e riStaR - hﬁﬁbﬁééﬁu':ed at
positdonpl 2t axki oh tdper-asenesdobysticd folldiwigs. £pOEADS :
Accordingly, the present invention provides a conpound
reRiesented by followng fornula (1): 30[0013] or a
al t orﬁg hydrate thereof, [0014] wherein R '
s hydrogen atom an al kyl group containing 5
0 6f carbon atons, a cycl oal kyl group contalnlng 3
cabgn atons, or a substituted carbonyl® group
erfved Rroman anino acid, a di peptide, or a

)Jﬂ ptide; the alkyl group being optionally
bsthuted with a substituent selected fromthe group

conS|st|ng of hydroxy group, am no group, hal ogen
whichabam swdrstdlthight hivhigh ol thépiceitly anngliphat i camtsed tuent
on tha!@soraREcanadl Kexyt S5UD, GORE 3nai BY dwd OsilfhHalRRts

which @ 0811 o0 cgﬁlgegoe%ﬁg&ﬁabo%dr%ggg e%gﬁ@ & q’ﬂ k%ﬁr@n

rou cont n atons
atom %‘? EnPR 3 PEPR GRS BhustTTRS AT bAGatHaL
activiley %ﬁrﬁ@napsyts%sqnd (rath-weph t Ave Shaeirstia Uewluding
drug sedecied Gram pbeigivpeerisissichngs ohuhyilox \a@igoupsistant
pneunddBdh0HaYRng h@hé’gﬁé‘sﬂtcﬁﬂcea@o‘%l ﬁﬁkﬁgi&qegro‘iﬂe inventors
w0 EGNEARTstch 0ofr SELED e Mo oAl s08Y HLBURs o
antibagfeqial angﬁbtifo‘?H%u%ﬁ% Lpwes' GAERH BEAT M cogpared to
the guindlegiekphtgpatipecont dmiasgwBose 6ardidiorkiatidys hasn
recentdlk@gh 20pgroed LOMEIHIcag Brhotbegaddbon AlRNerreEt ake
the qﬂﬂmrawe gﬁeyzpa&@é%ﬂlmmg% torf vs:a%r%%oake{lﬁd £H§t this

gr oy optJ gnal
comporfi el V?C%a SHERS Binate B Sl iy e
delay&ﬁ‘yc?rléﬁyggr AR lgdepd HAREEERN ]a?‘@rﬁ aht aV&y|aHico
found-g&@apthQﬁtammpwgp@.HaE @xcailbent aboms ,akavd i valtkoxygrgan
permialiQURyCOoahai dkdigeth o2b ria@eb iganbofe At AFBorRIngy, Rehe

1nventd¥%eBEngﬁQtﬁﬁ%ééﬂ%“%ﬁ#@ht@gﬂr?g@% %é#ﬂ? H1al-o9en QH$lone

0

ou CcO al ni,n at ons
compouit St godles® i Haknhi B (1) B O Gl R0 TRl i
antlba&ltl@éﬁ?ﬂ @mmf@dm &iasi Ayceliont dmidheroREatE esahncluding
excellahnkyaytigsoupricdntaaitivigy2athd bigardsdietgt, oamd als30 an
excell@Bti pAAhYcSUREH it edriey GhQalda! iakeHP: 6QNE AL Nhdgh 3

comple&%d oﬁaEﬁé”bégégn%f %g%hakEM&1Q§QUp’ the al koxy group,

[0012 kenyl

Accordingly, the present invention provides a compound
represented by following formula (I):
fo013}
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and the al kynyl group being either a straight chain or
branched group; the al kyl group being optionally
substituted with a substituent selected fromthe group
consi sting of hydroxy group, am no group, hal ogen
atom an alkylthio group containing 1 to 6 5 carbon
atons, and an al koxy group containing 1 to 6 carbon
atons; and with the proviso that R4 and R5 are not

si mul t aneously hydrogen atom or t he
substituents R4 angy R5 conbi ne together to form(a) a

- to 6- nepbered CMEl i C strugture i ncluding the carbon
atom s@ar 0 ap@POR 0 forma spirocyclic
structiyre w h tfle p rolidine ring, the thus forned
spiRf _ cont ai ni ng oxygen atom or sul fur

r atom and optionally being

al ogen atom or :an al kyl group
(ofo]g} =" g g'th)6 carbon atons optionally having a
substi guent, (b) 15 exomethyl ene group bondi ng to
t he .yrhplidlne ring by doubl e bond, the exonethyl ene
gron optRonal | y having 1 or 2 substituents sel ected
from hydroxy group, am no group, hal ogen atom an

or a %ﬂlﬁyPFhﬁohgg%ﬁﬁﬁ(ﬁﬁﬁﬁ%Qﬁ ng 1 to 6 carbon atoms, and an

f00144l koxy group containing 1 to 6 carbon atons; 20R6 and

ﬁ}m&ﬁege rl‘é%ﬁ‘e's)éni:@ pﬁﬁé%@?ﬁyﬁdgae %nahgjgir?;g%h e'c{@ﬂtalnlng
; S
1 to Gg %%Boﬁ QWE | ot cé/é:l%[agkil}f ?9&1 con a.lnln g F% % Carbon

n-su al

e
acoms N 3o deTumaP LU 2 B RO st Fadnigt gt acid,
a dipepgafigi nPAG: Fnipeptédebonhat akkyl atwairo penngubstiona €d
substiphesyl witioup, s%tﬂtu@nbabégeﬂtﬁl bstdnd whedghetpr &aisd st ing

of hyd¥bR¥Pgroup, amiRd %@BE £SeRnk BodW, @.hoglkgfﬁ?ﬁ% roup

cet o rou |va
Contalgﬁﬁgg§c§rﬂény group?%chogm%p r%ﬁﬁ? Pﬂy Dné%lnlng 1
to 6 Cﬁﬁ?ﬂ%e??@WSgroup, 5-i ndanyl group, phthalldlnyl group
B: aeppresEnpg ohtdBegkoyadm - womeflkyl groyp,containing 1 to 6
carbon3aBofd OXyr Zr c3Q10%0RUL Yy r §ili® Wbntinahkyh 86 04IRcarbon
atoms; C@Héaémﬂg ok QeSﬂébQBtfér%[ﬁ ApALERY ‘p{ %roup

on _at ons,

supsci EQNA! D2l 8 T CEERCD AL ccoaﬁle?.tﬁpﬁ OE b

AMLNO GF R, al'fﬂ:im@ﬁ@n?l"—oﬁr op; A MY tdprce SERLD ﬁ%wg@wgatlommﬁ
carbon aa harhg emdatonp 1 angly 35oue preegernndngi L rogefh atdmrortans ;
Boireby eEERE £ Sant Lok hy g%hﬂful:@nﬁéiﬂlné 00%3] 6 ¢a¥bbn atoms,

a cycch & eeenﬁiﬁﬁ?ﬁs % @é@?ggegtgﬁgmakﬂﬁéeky

group ?fhtt riﬁ%nﬁgzllglf’g GC%%EP%@@% *0f7E, aey%HWJOLﬁFO%I ogen
containingn?2 §chél 6§6hoB UdsINS uttde @éﬂcwl gyeappheiory optionally
substithaleaeriaebhoxpsgl uit ofe Dé2tadd fRBm NMBlye G¥igI@onsisting
of hydﬁ&gﬁtd}%pt Oa}ngﬁ@?r SYE! IHa 1 C b bR, '&Qlakﬂﬁ%ﬁoo%%u
contalnol I'}_e gL DOg' S el-[ ,t r‘l;t%dt hlrjls a&g(r)}r{re dgrrclaurfg cd% Ia?.n?.l’xlgg

C alnlng oxygen a

to 6 carbon atoms;

R* and R® independently represent hydrogen atom, halogen atom,
an alkyl group containing 1 to 6 carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, an alkenyl group containing 2 to 6
carbon atoms, an alkynyl group containing 2 to 6 carbon atoms, or
an opticnally substituted cycloalkyl group containing 3 to 6

carbon atoms; the alkyl group, the alkoxy group, the alkenyl group,
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nitrogen atom or sulfur atomas a ring constituting
atom and 10 optionally being substituted with an

al kyl group containing 1 to 6 carbon atons optionally
havi ng a substituent. [0017] The present invention

‘al so provides a drug contaiting the conpound
represented by the fornmula (I) or a salt or a hydrate
15 thereof as its effective ingredient. [0018]

The res i nve tlon al so %frOVIdeS ne

hod
and tpP oab kY h oD E1By et & &5 IheSbomp S pranched
groupy ephe eld gﬁpuphbemg neptal qrial oy salb§§ntut)¢d avifdeEat e
substiteseofselHuredr €ésomnt tha verhimprealsiet20gpodvivtisoxys erofp,
amino! §8o 'ﬂH&ﬂB&eﬁeQESﬁen$ﬁthk&ﬂéﬂidf%&Bﬁbac&ﬁéafﬂl iaEB 6

d he f d
Carbm%?é-a PR Sk el DA R UL ¢ s hnCarons,
and Wﬁtlwl}?omafﬁéf@ynmét:. l?s @Gy Rkt eh rmi's sdpgetpepeughndiydrogen

atom; ppoperties such as strong antibacterial activity not
OtHey s‘wst@taahﬂgg@t l2he RACERMH i Wogek8erf 86 form (a) a 3-

to 6- r%ﬁiﬁﬁ?e‘&s cﬁcCQE r{gd@%ﬁlﬂg‘:?@ J:%%é?%%‘mt S¥red by

ne ant.,| act

R sQ |

n &; o Aot & i RIGSRVRLLP oS Eugh PBTFRRi e ring,
the thyg ﬁmvwwil\l@pl{fgow}g optionallp| G?nﬁ?llal@ﬁ‘ Y ISHoWEAY or
sulfuiBltactison einCongeseaat iaten;oapduadt loasntli + heieynpound
substﬁﬁgﬁ%ﬁﬂﬁkﬁ 8 ﬁﬁﬁé@éﬁéﬁ%ﬁSé& §5EEi§i éﬂﬁ%é&k@%ﬁgaﬁng 1 to
6 car]:%}) \Mtth S g £?8§%ﬁb§? hg(xu I%' %Lbn m)ueslgt,l Ocal(%qp
exomeqqﬁ gﬁo qbﬁgpthegpyrroll T@chlqﬂ a'gpgﬁﬁe bond,
the elgmhﬁ‘genhegr@smlQ@tlainaxlyayammcl Pl 2 avdsydityehbs
seleciidie feonpayatdody agtaad amiRef grense IxEsgde atOh, an

alkyldﬁﬂdagréh ac@ﬁ@%&hfﬂ&”ﬁ %% %hegﬁﬂgﬂtéﬁbﬁgf‘Q%ESaﬂfalkoxy
atrve cggng)c g t he conpound of Exanpl e

grovp %gn%a%néfﬁp}e cyst|%rb°n5an08er bK coli.
R® and R’ independently represent hydrogen atom or an alkyl

group containing 1 to 6 carbon atoms;

R® represents a halogen-substituted alkyl group containing 1
to & carbon atoms, a halogen-gsubstituted cycloalkyl group
containing 3 to 6 carbon atoms, a halogen-substituted phenyl group,
or a halogen-substituted hetercaryl group;

R’ represents hydrogen atom, phenyl group, acetoxymethyl
group, pivaloyl oxymethyl group, ethoxycarbonyl group, choline
group, dimethyl aminocethyl group, S—ihdanyl group, phthalidinyl
group, 5-alkyl-2-oxo-1,3-dioxol-4-ylmethyl group, 3-acetoxy-2-
oxobutyl group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxymethyl group containing 2 to 7 carbon atoms, or a
phenylalkyl group comprising an alkylene group containing 1 to 6
carbon atoms and phenyl group;

X* represents hydrogen atom or a halcgen atom; and

A represents nitrogen atom or a moiety represented by
formula (II):

[oe1s]
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[ BEST MODES FOR CARRYI NG OUT THE | NVENTI ON] [ 0021]
First, the substituents of the fornmula (1) are
descri bed. 10[0022] 121 represents hydrogen
atom an al kyl group containing 1 to 6 carbon atons, a
cycl oal kyl group containing 3 to 6 carbon atons, or a
substituted carbonyl group derived froman am no acid,
a dipeptide, or a tripeptide. Wien RI is an al kyl
group, it may be 15 substituted with a substituent
sel ected fromthe group consisting of hydroxy group,
ﬁ{ﬁo group, hal glgen atom an al kylthio group
@ntaining 1 to carbon atons, and an al koxy group
ntaining 1 to 6 carbon atons. R2 represents hydrogen
tom an al kyl group containing 1 to 6 20 carbon
toms, or a cycloal kyl group containing 3 to 6 carbon |
e %%e‘ﬁeIF@eﬁ%lt&n)gé'ﬁk‘?He@r%Wr iFe Ygegroup containing
1 te &ubsthdcnutédmsi t dm aa Bubst idneept cortatieuns f¥ dm teheagbonp
atoms CQASIngS ig&gugt RYTBQY HARPa BRI BAL Ol AltR@Ehethyl
group atgm, %ﬂlgb YLhEL 0, GpANHY Qe ng 4 Rtsomgycc.acg The
atons, _and”an al Kox oup ‘cont alﬂlﬁgg}l to 6 c:a{E an th
togethgn 1o LoBfMoFRSYCic SLIPRENTRI LIt % B R3AF kG € mother
nucleyg.olfite thesaf@ynedromy epfipaadly heentaSiing gxyIeRaphom,
nitrogen atbhanchesubiylatgmwowe. aTheénal kyhsgitoupings atom, and
optiorﬁfqugrea%pl%jﬁ g%%@ﬁ’itxg{jé&ln&igﬁt raﬁ:c agﬁ lypgr&nég?%ntg.ﬁg'iggo?rto 6
IS , . yl™ grou
carborl A bRt Rbty Ml & BPEFLBTS et hyl  or oup.
[001%\hen RL or R2 is an al kyl group having-hydroxy group
Gheapiraseyr oup s licrs adgbsprovedes & g kphtgiolpg nele
compouldl @BYrekedtitbehais formhranchpdoal Xyaleomtabnbpgrdte
thered© a8 ¢RLDOPralOMR. s3Rdahenal Kyl group is preferably

[oomiUbSt'tUted Wth the substituent at its 35 term nal
arbon atom  The al kyl group having hydroxy group is,
pRef Brappyt afvAMGHoTgRdER BBRAY T iy MRFIeE §CEaFbepting a
diseasat bysadubdi prefieralihe exapplied Tertemmteddbyx ghet hgtnula
(I) ordBOHPLt 2oRyAnexueldey thgiesp, ZrHey irexgREORMelt 3P ,also
provid@gdugéhé{flr%go anGl gH reggz‘?lf%hkﬁgl tq{eo%rﬁﬂ\ib.ngl) or a
1t oamang géou(%) ISIpO%TTgO% I °&n.a yl Cgi[%jp contai ni ng 40
salt ogna BYSrayT Uoit CTaRG°pretst &bl anpl es i ncl ude
am nonet hyl 9 group, 2-am noethyl group, 2-am nopropyl

EFFECTQOBUPHE arNiVENTnthopr opyl group. [0024] Wien Rl or R2
fooisfjs an al kyl group having a hal ogen atomas its 5

e TS L R

which 96566’2%‘?]&&1‘%@6%, PRRACE htShaf Satomg BPE%?‘%%?Val

[o01

activityueet nenl diar Fremnuabatiod it dnigobdute adapsEPT udtamr

positivé aetcl iviicedhane bbBeosebbéss Wdionidimy ke gonAoldéme
antibaBBEH HH0K O 1URSEHEUEL ONan X e A1l giaetBEaRE Bedfes .

substituens "as hal ogenat ed al kyl gruoup are

hal ogen- substituted al k¥l i‘gr oups i ncl ude
[BRIEF BRSFRUOT IR OFy FHEr BBRPWINEX | uor onet hyl group,
fo0261rifluoronethyl group, and 2,2,2-trifl uoroethyl group.

Eﬁﬂiﬁll]v\lfae@rabh%h&iﬁ@ 1 & dtlord bEURoRBYHATI P compound
1 and @fjgycl:cgntﬂo%n%.r %lprggmple ¢ against CYP3A4.

[FIG. 2] a graph showing therapeutic effects of Comparative
compound 1 and the compound of Example 9 in mouse local lung
infection model by PRSP.
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15 an al koxy group as its substituent, the al kyl group
may be either a straight chain or a branched al kyl
group, and the al kyl noiety of the alkylthio group and
the al koxy group nay al so be either a straight chain
or a branched al kyl noiety.8Exenpl ary al kyl groups
havi ng an al kylthi o group include an al kylt hi onet hyl
group, an 20 aIkyIthloethyI group, and an

al_k thlopro dt hio group in such
e e e, S5y Dot o S REnG 15T oE Sreck
analyamnﬁor NEjree Ommppemdbpéow@e@mtm;ﬂetﬂﬂr@néﬁh%a@pmp1,07-
e{iyd t hloreighrbhoshopingnthemideyittiki e€fbyts gvOUDmparative

compoéﬁ&nPléH&’Bﬂek%bmﬁ&ﬁﬂ@sofaﬁiémbfﬂqQah50¥¥tgé9ﬂﬁﬁér5§éﬁ¥%ls
0X nethyl group, an 25-al koxyethyl group, and an

mOdelaﬁ%oxy group, and the al koxy group in such
groups is preferably the one containing 1 to 3 carbon
[BEST aM@bisS HAR CARRFTNCaOUE THER MBIENTIPNet hyl group,
[oo2 Bt hoxymet hyl group, and nethoxyethyl group. [0026]

%QM%&D heOku t£§u5h§QQ$PQhﬁykogﬁ8#Q (i} éf% described.

ﬁb ‘abl'y cyclopropyl™ group or cyclobutyl group, an
[002%)hre preferably, cyclopropyl group. Substituent of the
R/ckeRERSENEF dupluagenbetone on abkwl grusyy sensatadng 1 to 6
carboit raaome) al kyklgabkpl corhd) rddmGalnt ag63 cad bdneatkes atoms,
or a JﬁﬂéHE%ﬁt%HOEhrﬁBﬁ?P SFQUP ,dé¥¥$eﬁygkeﬁYaﬂr§mEho5381635
cgnples of _the pr fer%% ﬁybstltue ncl ude net@y
dlpeptl e i 1de S an aﬁ rou o 1t ™ay be
Fh F 8?% fldorine d 4ri A om
substé%ﬁ a ﬁHBSWﬁ%H%ﬁa/%ﬁ%ﬁﬁSEd[éﬁ9W]the group consisting
of hymmme combhnadiap ofhalidgeandt 2, | aw| ajy tthido group
contaiiify natioon 48rwherddinsl2bnds ahydiRgey gt ahtalikyhg 1
to 6 HYHH a§0&¥cloalkyl group, or 10 a substltuted
arbon r.ou erived from an ‘s
i pEper et By ¥ Efp#a% 2 400 s eogdheataps @ to o
Carbo@mﬁﬁﬂﬁsth€§ea Fﬁélﬁﬁ Bt VR IRATRATEBE PstPhe enebon atoms.
Wwhen Rihéseam Rkyls diyapogén mbpnpe asuldtkitutg@dowpthos substituent
select@C|feamhkyhe ggesils kiR ing BYdhpgesxptomud HRenal kybup,
halogeg{ QYR ”a &kafé:&d ?ﬂ%‘h@f %ﬁ@'a i[’;'? hi/'tcgreok‘ﬁr% n€hP¥hs,

ref

and a“c?gr%’ﬁ’k%o‘é? o‘iﬁfp'iasl%n@f dr gﬁ’l 9 E%E}F u%m ‘group or

- [00238yc| obutyl group, and nore preferably cycl opropyl

ghenpr' The Réoibi matd Biy ofgribrandhBR2allsy hogsoyyr efeer el y

eithert B€ seeabgmtémm ol BrogtheRlaabeh RE-Ane hyge Oﬂﬁ{‘yl group
e

s predEdibiy nlind PR ARHVE0oPO80P el rdih S80S
1S°Pr°§¥8uér°‘f‘ ugERIRAS @rﬁgﬁramycy‘&?w]oﬁ%oué’r 86pet’[‘1@562%f°‘lp'
and moAtqRrabevmelartintli ggoublerein RL is a substituted

wRERORY lorl B% gf ® uih delikiyie drbpmhatiadgi mpdeehd gr@up or amine
group pr§9é'éﬁbsé¥tdéﬂ6“ Eﬁ@thﬁﬁ 1a§90&§rk§rQ%ﬂ%ﬂgeﬁt§59§hts

R
chain BPhiindied MG ﬁ%BFsaa&nﬁ % e AR, Bha the
alkyl GRPER 1% REffesedlor SHPéHHEPHEdawﬁléetl"%?msh’@sééﬁﬁéﬁﬁda‘bylts
termingll eazslgen iatdrhe Thevahigybargou halvengebvddexpombup is
preferb_swe&ﬁl 318 12Qcapbexitagh oty @ndd he @Fpee gEeMd, and

prefergﬁ%stltutégﬂgar Oﬂ%?dﬁngQQ%ﬁé ¥1 r05ﬁ§IOB'§E§EYEthYl

group, nf pYHPFRIRYE SEpEPy t A d3c]%1Y TSRyt FEQBRL s The alkyl

group Havineddimgmaneupnigopacfdraibh s oglkydi geoval apnbeining

up to 9 caspsi tdtomrGi dndapdepepiblle eongilidsutiediigenmninomethyl
gl yci ne, al anine, or asparagi ne such as
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25 gl yci ne-gl yci ne, glycine-alanine, or

al ani ne-al anine; and a tripeptide constituted from

gl yci ne, al anine, or asparagi ne such as

gl yci ne-gl yci ne-al ani ne, or gl ycine-al ani ne-al ani ne.

[0029] R3 represents an al k§l group containing 1 to 6

carbon atons, 30 a cycl oal kyl group containing 3 to 6

carbon atons, an al kenyl group containing 2 to 6

carbon atons,. or an alk roup contalnlngné 1
rouRg aPogAPSHRY VTIPS 21 ERSHORFRRT: GRatE Afiiopropy
groupgptional |y substituted with a substituent selected
[oo2Bfom t he group consisting of hydroxy group, am no

%HHH Rh%zogaen%?gﬁn@amfﬁ%rah yiéi-tam%garmo%eﬁt atBhnNgs its
substEEhgnl, B Avoe CIPUaBEY Do S ok e SERaah| dh o
brancgegduplkyh egm%gﬁ apriRy bet@id HArPLTspEaTGht 20H afrfir?
halogen atbmabhe heckfaldepllygfdupriiheatadnky| The oupahar 4F the
fluor@ﬁef S6BHt Ye Bl i sURBHPL iR Wl LD Whe RLBPYLLGE DO, mBF be
mono- E8 ﬁggﬁimlﬂé s%%lﬂg oY tﬂ%ﬁglaggfﬁo ELELEAd S

or et 0 e rr
sunscEL Tl 8 HH Sent N (BE0PL U LR ng%n?%eﬁ
alkylt greupsar bon uwgco monps lpeedee by Q?Sﬁélpopfiéﬁ uomr@eﬁd%lr group.'

triflayebodthyl o), aaad2 mpre- & pflefetcahhyl cyebapr opyl

[Oozgjoup The al kenyl group containing 2 to 6
r bon,.at Q i.s, prefera the 0 i.n b
&1qahogﬂﬁfgjho a&ky? %r?%?lhgfng%. g%%?ftﬂgg &fﬁup or

an alke:axf.%wuprﬁ@ préf SRPSEE e rﬁn Aty pgr‘a%g&arwbe either

a strgioup,claid ot enplrageiveh. a it avopwy| aglotpe 1@lkyl moiety

of thé&OAliey THHIG %‘Ib@p6aﬁarﬂﬁ)@ ALy igroapSfapr el &6 i yeilder a
strai tﬁ”dy b99ﬁc%é$ #E”M%le ChEiéhﬂEH&y alkyl groups
havin gﬁ?ﬁfﬁg |ﬁ1£§ 5 Iog_ I%ﬁ ghg{eferredan

& eal‘ r §4BYF ptdpyyT  Frafd Sut Ay R

alkyl@etfs Bned BHEve, 204 earbrﬂleflr%%rewﬂngrowoﬁfg
alkylemmrgzrtmgx dmp sutb[ §03ids is prefdireblR3ths ome aidqtlalnlng 1
to 3 @Ewgh dtlon¥RyY ﬂ@@r@ﬁiﬂéﬁé&hﬁo}lesblbétﬂnétﬂﬁ}eﬂzmdrﬂéthyl group,

| ethyl%&‘%ﬁﬁééﬂﬂﬁ”%xﬁ%i%ﬁ% rﬁé C;i}ﬁ%o%%gﬂ % Sé;yaﬁkjggl ﬂql alkyl

0X
groupg g %go%naaﬁ#ﬂgylglf%
alkoxyRtdupl @IRURINRAG a0 talleemussy 20 atBmsand the alvwar group
in sudhheymuipst iitupntfefabhe @k \dnegroapaisihydr oy yrasupoor .
atoms an'MBQengHPerélﬁﬁ} %Mé%’ l'netﬁht@abhtwté’éhﬁl eéﬁﬁ:f@b' ft&b&?ﬁlé&ﬂ?@dgroup,
S uent a e termnal carbon atom

and m%ﬁﬁ#%f%ﬁﬁ@l gggﬁ%[es of the al kyl group havi ng hydroxy

roup are hydr oxymet hyl group, 2- 25 hydroxyet hyl

gfsup R* 20hRir 6%y pr opyloatkuio, 9w .31y 88 orypE oA LY
cyclo;gfd'pm gadppoef eyahiiemxiamices  ohntihaost kyte fgneiyly,
cyclo gg@@hﬁo Qﬁﬁ%&i@ﬁ@ngbﬂogﬁéhﬂl%ﬁgéﬁy%l %r%&b?@ﬁ&hyé one
ox mork el 2 TR0REE Erom S0 R e B r BB B e 28 Fo
Carbo%ﬂ%ﬁﬂﬁslshﬁ éﬂeﬂa%ﬁ%mrnﬂﬂ%% @F@Hﬁroﬁn@tﬁxﬂrﬁﬁﬁnﬁ59§@ and
examp ey iofg thec hrgf exalh 1l ambibarric uenef énablge mettiptl grouwp, ethyl
group N3G 1 HHC Bt 8k O UWhh1 dramee %3, eammﬁdrwt Ryl afeitRxor

am nomet hyl group. When the al kyl group has a

grou phalogen atomas its substituent, the al kyl group may

[0027de any of the straight chain or branched al kyl
Preferable combination of R' and R® include thé combination

wherein R' is hydrogen atom, an alkyl group, a cycloalkyl group, or



10

15

20

25

30

35

40

groups containing 1 to 6 carbon atons. The preferred
is methyl 35 group or ethyl group having a hal ogen
atom and the nore preferred is nethyl group having a
hal ogen atom Preferable hal ogen atomis fluorine
atom The nunber of the fld8rine substitution is not
limted and the substitution may be nono- to perfluoro
substitution. Exenplary hal ogen-substituted al kyl

o ool HREed LG 20000 LOLALP iy 80U ot

dipepbidep % ¥ |LIGPSPLAYE FRDUD, 18nAYERRIPR At edPpang these,
the prefiefihior eetliphtgooups thd lamr etetbyh BY dip hvdmdgen atom,
an alkylfg};:&-tﬁ[;ﬂnﬁirh)é' cQEQQ@llch%dﬁﬁ subsk? tueHyaebgtheaton.
| |
the =Bl sRRenn SR ol 1 PSP BRcBh L o ey
group oAl onre REGLEFRILY g Y lafF ot Re  al K ICHAdPaL Y ndF R is
preferly tdyicd-oprogplogrove et kol opusyp augurl sndanceiet her
prefepalsly aiyghbopebaiyd growp br ahehedmed ki@ ap R Thed al*kyk more
prefe:&liﬁ’ﬂptd%%v'nec%glbt héﬂa@%%'p&k%ér&jg{ %65&81?' g1 F{”ﬁ‘? Qieza%&ix Afarogen atom,
or end (MTEL e SO Brd 8 g oy ) 321 Riaffee? Ui, ana
the othfift disnMe§HYL oFrQURartdl laarEP  TREUPFRFEifle@rare, or
cyclopmidyil olricopet hyl group, ethylthi omet hyl group, and
[ooz2gTet hyl t hi oet hyl group. The al kyl group having an
KRXAIDAUPaL S PLALRS ARt edn 8! k&%ﬁ%ﬁ%ﬁ&%& Mrri¥hyl
kqugé L grou . and the a gox%Pg%gup I's iy
group Heldgbd FLoppan GnG, A g HPoPT PearBort KFAREPEITE:
and Rpigf BYEeepent e best Aexpaefnd| agramrodkiisox yHeg Hingr égpd,
dipeptan , metrhoxyeebptyldegrumed. ihherndneipy ef ettt ed pabdrug is the
one wHiRthYt BhpaBidYdr Hrddmcand HeEpoxyamidy lcafeuBa £P032]
cleava@%vviﬁntgg ifvﬂl Wd&alo%yltggrggﬁ%%@%Oﬁ’l@%&t‘ﬂ%gﬂt Fi’lg
e or nore_group selected f t e Jgroup_gonsi's |n%
Carbo”%(ﬁ FROEPKIT grittFE St SFAFRGREVERS 6} c4PHoR” fABed thereto.
Exampligs| g§ehhat owpsbimiuiedyceuponghdohydy ogedriouproducing such
a prodRuef énabli@e exargiasitefl suehofubséudateintuamite dekbyéd from
an amiglbogﬁideélli‘d’lll &4 refiﬁeqlegg%ggigé plraer %{(}g;a%&lie; %F?ggwm
, . , X S | U
aivepcips dthcitites, £, B1580 50 L BTG R "o RebdE Rl such s
glycingr ghgcint hyd L Y§Ho\s 216PaPe - gPBupt 2t iford-28dher i #od et
tripeptratfytonsbupitnd driepl ggyobpe, neldryinegr oupagpasadpime such
as glygtindpghayimg AEuifegdr 0vpgDychysl e igicapanand. net hyl
foozg@roup 30 having thionethyl group or methoxy group. R3

Ra 200 B RS eRUEt 197 B0 FRRAL Ry dr BGER SUBiFEon 2cbns.,
a cyclpal bk i e PmCoRtadnkys Jriovipt cHRamiakgms t 8N 62 HEech
group abopsinng & Koxy gepbpn atoms, or an alkynyl group
containing 2 to 6 carbon atoms. When R® is an alkyl group, it may
be optionally substituted with a substituent selected from the
group consisting of hydroxy group, amino group, halogen atom, an
alkylthio group containing 1 to 6 carbon atoms, and an alkoxy
group containing 1 to 6 carbon atoms.

[0030] '

when R® is an alkyl group, the alkyl group may be either a
straight chain or a branched alkyl group. The alkyl group is
preferably methyl group, ethyl group, propyl group, or isopropyl
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35 containing 1 to 6 carbon atons, an al kenyl group
containing 2 to 6 carbon atons, an al kynyl group
containing 2 to 6 carbon atons, or an optionally
substituted cycl oal kyl group containing 3 to 6 carbon
atons. Wien R4 or RS is anlal kyl group, it may be '
substituted with a substituent selected fromthe group
conS|st|ng 40 of hydroxy group, am no group, hal ogen
atom an lthio 3.cont ng 1 to 6 carbon
arounyy GHorSHieRE: o Rl ShAs b BF Ry E 4 e SEBY Srou,
and theonere RrefiedrRY adpemgigtykignfupaneous! y hydrogen atom
Rihang,yRoathkylabgous otdn e riiogetthedb socétsdn atoms iga)

prefefaBly (& &: ﬁegr8ﬂ§|6f3é¥dﬂé%h@§§ LPshydi Nk e
n at.oms X R4 and R5 t0 forma spirocyclic

prefer?bﬁ%tc Qﬁroﬁy h%rOerolldlne ring, the thus forned
s?ﬁ@(ﬁ%ﬁﬁ%@loEFPBRa??§ﬁ%ﬁﬂﬂﬁ§ # &8 6x9@%PP%u%ﬁﬁmﬁ'¥§ulfur

prefemtloly ddiea onienpaminpersnatdamblantboogt | whath yidheaiatg

parti&uhstiv utied reht Rod Ded 0GeRt id0M e %ﬁ:é«ﬂ KMea0BBE Pvinyl

o AT Sy

Conta’c’?fél%;?-r & PdFEEPTT n@ B Fo 8 86‘?1

conta gl st taARLe yoerYi n@llPhoﬂSZHQUbBﬂfﬂ@F&%ﬂé’ellé@ﬂééd for
its ldécaomidaydroby mraigyredimape gtlowpyl atgen pabpymydn and

buthyr?%lkw bRy i GRAEALREATaoYE, B HaRF2L-@RBarangian
roup é% 9n?5 ntalnlng 1 to 6 carbon atons. 15[ 0035]

g en E épan al kyl group, it may be either a

jétralght chain or a branched al kyl group, and it nay
htemeRAyls grrowd kydt bybugr oltp, may dysy lopgionpllyrsubstituted

with d SUREeRYlieft OPledE Aol &h@bbyoﬂi@té’t}ﬂsﬁﬂiu@ of Bifiybxy

group, gra‘?:HBo QPngosﬂaPég?‘é‘nera%%'my IQI;‘J %Hi EEIQ&P %Bngéll‘?{ng 1

XY O
co 6 ngh Alofiz (lipd tasl%&gsﬁr?a%n‘fgn%wlaffgﬂ A e
atoms.gr ef erably substituted with such substltuent at its
e hhe swrdortwtramofThbe abKyyl growp Hav ihydrbydr orgup or
amino @roup, | ﬁh@ﬁ@i]@f]ﬁ@z}b@@.soﬁﬁeﬁ@ﬁi}ﬁl}msﬁﬂadtﬁttu(&ea #athofuch

subst i3 actu§ a@n%@r@éﬂﬁﬁlle csgﬂgnogéo@ iRClrUdeh e examples of

the al By GRS D e BB b= 2

hydroxyekiy ggmlﬁpha%nhygir@mm@% u@r@@rpraé'fderf’a:@ly TPREPEPIRY 1
group, canﬂapnefgwa@ﬂd(EXim@aeboufathmmalkymjgnnmheMabhag amino
group @%aNRheSchéwehidey NOoBeLRYho & IBED .grén ]l rzoatniﬂﬁbpropyl
group,g%&ﬁ %aﬂ%rﬁ}%g{ AP roggou hea%‘ik 13%18 :rfS?Qg rtﬁa%o D hydroxy
group ﬁﬁstﬁe h%fPJdb%rﬁ%”&nlésPF?E 5 gtrﬁ’é‘paPFy?t Jo oup
havingnaychededutheraryl gorgi ghefehabh iy etretd%x aronedhavikyy such
group, §EoYPexams s Niygirbxlme ChgAr PosuatcaMamiantet hel had ogen
ﬁﬁ@ﬁn 15 RIehAr abyiof hyor nes alm AH aw@eg« Qﬁbéﬁﬁcuent
the a1kl g [10e, Subs tutboni hnOt 4dted,and ched alkyl
EUnsti ?J%loﬁ'wa B¢ Rbn S GRS suﬁstlf ?lon 4
groupsSEGERp ER NG 1prté>r &r §BFECR Lﬁa%@m% uehBeaBr AEPBEhaedethyl
group aebkythygk ugqupaheviabogehns sodrst iatuired aalikyhegroupspreferred
is methpxlfﬁ@; PIORGHIHGOLORBY Byén XD, Er-EEupsOIRIINo@OWRom is
fluor1£E'£ ro?g%h% mgélP“é)f e fé\kl%rgﬁit éb}@%‘%@@%é}}’ ';.18 n]ot

limite R iSSP SEA THERGT L RFD RfF S8 6T E2nPEFESRGYYr oup” as
Substltugl@mbsﬁkﬁmph@rythﬁiQﬁaQﬂSUQﬁbmpuha§ pekpl tdrgups include
monof 1 8bF &y 1C RiohpQr daf bhershethyall kitlougr, oup i fatrdechyl
al kyl nmoiety in the alkylthio group or the al koxy
group may al so be a straight 5 chain or a branched
al kyl group. The al kyl group having an al kylthi o group
is preferably an al kylthi onethyl group, an
al kyl t hi oet hyl group, or an al kylthi opropyl group, and
the alkylthio group is preferably the one containing 1
to 3 carbon atons. Mre preferably, the al kyl group
havi ng an al kylthio group 10 i s nethylt hi onet hyl
group, ethylthionethyl group, or nethylthioethyl
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15 havi ng an al koxy group i s nethoxynethyl group,

et hoxynet hyl group, or nethoxyethyl group. When

R4 or R5 is a cycloalkyl group, it is preferably

cycl opropyl group or cycl obutyl group, and nore

preferably cyclopropyl grodg. Wien R4 or R5 is a

substituted cycl oal kyl group, 20 the substituent may

be the sane as the sane case of Rs , and is at | east

one_substituent selected fromthe p co |st|n of
Group,naBRiG 2 i CABREARFIRY SET4 6 5 BBR BECHES: ¥ra
monofjuegnpmelinlo ayouipp, dahtubyenaidy igogrepp . Pred erabf hloromethyl
groupexanpl es of such substituent are nethyl group, ethyl

gﬁﬂé!u@ ufé té%ls%@ta&ﬁ gfr@né ul‘?{rflnﬁréﬁgnls 22 %&ﬁtmo

IS a
Group ) O & RS GTEP B COF LG B PR Er tralght
chainf pyof i r@nhem 2LbP3syrovien F dhera k¥l areigRodr t
alkylghbopyrave ey the abyoxd dimipaleyxpl80 e cxpshadera \sedalght
chainf&0m therthkyl 295U pg:_a&lpdes @hébgﬂk %u;ﬁ@ﬁvh_hg' &n

atiy1 B4 egrlaﬁ%y l%ng%%gy rlghl}gémgﬁ Eé@ @Oan
aLky1 G bt SEPHBxy 28 éé'f 195 GRETE RS i

one cemfeiingytodp 8r cembm k%ltr‘i:}ms -gr B, prafeEswegr oups may be
methynishefdthed gboup, f @RI hi[dB40l . group, aheretR{landoethyl
group > RS 16RNRLRE1 togath e ity fgﬁ”h@kéﬂ?}'tr rO 1is Seeetdbey an

alko @1q_Rs %oggther f rm a Iene gggglk u
X}E%ntt 2 nng 20°2 % ryt?on 8m?u haa%dp | feShds ToT P

is prefrraldys ther Aed c‘i%tadd?%tlhff’Feﬁecé%?rh "H?‘WH* ‘t oTfPe

prefexmrd areatmehhbayheighyheyRiirané tRExame dimhle drtdwgr, eodt o

methO}l‘}hﬁﬂQﬂy gketpa o morst puetsrfed e hiihylenhmBéethyy group

d mdB6:eeH81 476y Qf 3-menbered ring to six-nmenmbered
an mrl ng,” and an%ng }?hese the preferred are 3-nenbered

[0032]; ng ot 4- 5 nenbered ring, and the nore preferred are
@Eﬁﬁhﬁer%ﬁi%|Qﬁ§10?HéYﬁeﬁﬁ9%%néﬂ§%é%%ﬁtﬁtpﬁ%t is one or more
group pelpretty Feoe Ciigrawy coesiepliagedf it mlkyygemoapom
contaidfinguhf Up atediseh fionsd satugah e@h:&}@t efiAeYL beoupheand

hydrm{)\‘; %QOEBV n%ekﬁér}g%l@ngx iés OcPE 'sqﬁ? s¥1b E?&Eéﬁi‘:jt i ﬁthyl

hal ogen_at om or a stltute

R LN B A R KL U Bl ary

[0033ha] ogen at oms include fluorine at om and chlorine at om
Prefakkyle gr:camp Iy ofieRéi 1erude shoaeghbtnchiimorl ar 2

carborPh2BgBeduah kyd oeHn g@@d th@tﬂ}ﬁﬁfgﬁrdlﬁﬂ @rlgymelg;ia&fup,

£ _'Luorc‘fgr gﬂ?ﬁlgﬁthé(& s ot Igg‘gﬁ % I S %8%9?% 995!919 Pox

e
ethyl &FE}HB hﬁ"ﬁjr%g £pW° §roup P§ ‘6}5 UPS §‘GE}SF‘¥'FE¥JeoHr°uP
havingpithhomeslups tdtawmorwhethoky preder aBl yi s indtogerfaraply

methyl] 884%p or ethyMhemup4 and RS together form an
[0034Exonet hyl ene group V\,hl ch bi nds to the pyrrolidine ring
ond car bhon- car b% ubI e bond i

it PR E B o GHEAT PSP POoH of e 2 atom,

an alky{ group containing 1 to carbon atoms, an alkoxy group
containing 1 to 6 carbon atoms, an alkenyl group containing 2 to 6
carbon atoms, an alkynyl group containing 2 to é carbon atoms, or
an optionally substituted cycloalkyl group containing 3 to 6
carbon atoms. When R* or R® is an alkyl group, it may be
substituted with a substituent selected from the group consisting
of hydroxy group, amino group, halogen atom, an alkylthio group
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20 the pyrrolidinyl group having the R4 and R5

attached thereto as one of the carbon atom In such a

case, the pyrrolidinyl substituent noiety has a

structure represented by the follow ng formula: [0042]

R6 IR/ \R2 25[0043] whereil® R41 and R51, both

represents hydrogen atons, or one of themrepresents a

hydrogen atom and the other represents a substituent

elected fron1t r ou conS|st|n of hydr ox roup, .

contalfiB §rnrt JRAGEORAPEm S, 3 Ko PGP BRpconeA Bling 1
to 6 @@ﬁbannahgnq t 8 ArdhrSoaTrat Bk, smﬂmanaﬁuaﬂkowdmm atom.

cahtandirigmdyt 01 o &ajhi&dﬁneatagﬁther to fofken the

Slégﬁ é.ty-enﬂ;o Qf M@e?é@@%@:ﬂ@”@uﬂf&%e' §n@iﬁdﬂﬂ§“t@1e carbon
atom gf‘i 0%3 gl ﬂg thoo stl C cf str%c%ur 11?11 he

rona Yy s bt Tt U Wt A& su%s¥ Teht-*selected

Pyrx Oflll@i‘ﬁ’l? h%”@ﬁro&é’lec GHSEs ?Pﬁ‘@ed 18P0 H?@Bo??tg?%%%)ly HAYGining
oxygegr atpn ¢ral ngevratoom aa al kigd manbgroapovoniad mpigichally
beingt Quﬁs@ﬂfm am@asa ﬁaﬂo 34 X Vo1 aRUR 1R ntg\rm@g:ohttaamng
1 vo § £2IBGN AL S8y 1ddS gltw L oup

n{ al n| OITB or. e an ou

b o hi’lF6‘e69€°‘é%r D0 HSoPRt £ L $§f¥%ﬁ% By
doubla| hnywh. e expreskylgne L@rmm%onglm bagingrber 2
substatoests MEledqued éranl yydrethydrdupy gmonp, gedilyy/! tHilegen
atom, 9519ualkﬂectrﬁ%gr%guem@&lﬁr@xw ) QUBarBOS Stdld, MHEan

ref erab net h gr o I t hoxy group.
alko ref era 4 tatl xorre héléé%ebognrorg%ﬁn‘l‘g’s not substituted

[003% th a- 10 subst i tuent other than hydrogen atom
Hewav e aheR’ titse agx oY hydepe grisdupalyabeacstber ia ugmaight
chaintde $uhsindndantlkgl poed@s aking ydmayyogrostfhylangmwep, ethyl

groupgr}_%{{b 1 Ig4ekibne ot QQ& fc!}!ﬁr Eﬂ%u@t Offh Q%Mféf&kﬁygﬁn%%ﬁyl

net h LAroup, [ nat | on
group for BRI Gr8uPheaRRd e Re1g nERf B
HW%&%noét Ii‘aml&n Gt Hék.‘é% I‘Fé?%% Fndy Glhilﬁea%\]%h h%r%tlmﬂroxi’

group gy ingt gybugr aapi taorutm tignepyl,  gheuplkyls apropy lis
prefefHIup, sdﬁ@;ﬁ:ﬁ[&ht@@tWit@ rith sﬁmltqmeﬁyl atg rodE terminal
carborg | anTE:}-Hw aﬂE d@t 9¥Yn ﬂf@ro r Qgpprgferably

he o© c(,rﬁ: %f]. er r S Q a eo%{ﬁng. p. es
t ‘%‘“o SOt 8EntRg 85’a F‘Fn 37 % EnE*FTRY
include Xﬁé%@mﬁﬁbyéagw at?mh}@ﬁf%@t V1R RS hErPsyRYopY L
group A @l Rebtydkbrystopel ngmupFurTheralld;ﬂﬁ gardpRBaving amino
group msef;&re&!éh:ub@ynbh@%ﬁ@&%ﬂ&&&n&%nﬁﬁgt@rta Ay LeBRs, and

prefer%g)q_léo &ALALD! Frgcfucﬁ u%l%%h( %ﬂy‘i‘t gpgup 9 2f i nlor?gﬁgt roup,

erab or 0a
2-amingprapyd pF—TFBE?cI%I(’:dSEt AICOGPE By eQB hyl ene group by
filienc Bhsey Ut &6 8y 2k amsiuraringnthis t hbewl [OOA%] has a

halogdhb aaath RE itdepandeinidentr, ephesebkyhyglrage magt be et thar a
stralgqlltkﬂhagﬁoHP &%E@r&cﬁ‘léﬁg a:llk‘y@ 868 b@éht?&l% Ih%oakk¥%rbon

her, a bran

ssons ol cfPoutiodih T irCett iRt b P Aot
numbexty o8y SBEpF SRYT LR GRS ERACE BpR BpYPE g o e T RECS
substign¢fienr sdy abe meidry|togpeuflopret syts grmy@.enan dExdrr@la.rlly
preferi®it BUBEELf@shd Sd@Nvhedhol. a Pl enalhy aket RaRbgen-
substl%ﬂgeg7a§£§1 hé’zd&&gserln%tlﬁ% i'l)‘lé{lggf'géromethyl group,
difluoromethyl group, trifluoromethyl group, and 2,2,2-
triflucrcethyl group.

f0036] :
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R8 represents a hal ogen-substituted al kyl group
containing 1 to 6 carbon atons, a hal ogen-substituted
cycl oal kyl group containing 3 to 6 carbon atons, a

hal ogen- substituted phenyl group, or a

hal ogen-substituted heterodryl group. 40[0047] 17
When R8 is a hal ogen-substituted al kyl group
containing 1 to 6 carbon atons, the al kyl group noiety

nmy be githeg a straight chain or a branched pup_as
oRhsR) Rt iogdibylﬁraipgl%ﬁoas?%tlﬁwlrf G S 15VaRp S afup ox
an algpsMpdre@piropis gubapltientyl Yrowdkyils gboey | myy difp cigher
a straeghbutiydimgretp, baadchedtaliutly |gmiugypandnohyg dligsle moiety
in thEhg1RyEfIeId @D Skh¥he U DUy TheRAhRYeR186 MR a straight
chainsugsélﬁfgl'H%djyikabk km%%ou%hbsagkeier§Qh¥ f%H%V'QS
a?pn1or c‘forlne ato d nore png.e?a y1¥1uo i ne
alkylhhien SESHISe ST CEARLY A% gk omesiEd S ’R - dfoup
alkylthidedey ¥ |gronpre by bn gr bup t Hiddnepyde thigiw graub, thend
alkyl%h%élﬁﬁdﬁ§|f@ pklrerQuDy @ de danebentiag iSto 3 carbon
- r‘ u f
‘f‘tm@l‘%d%%n?%& ‘é‘gﬁ?%&%@ ﬁﬁ%ﬁgﬂﬁ%@%ﬁﬁ SRS o
is meghyHOHORSHAYL GXRHBI oF ey CHTHRG 96PeRp Thel ude
methy byl egirtepy 9xgidup, They @léydt groypobpvinghde pdkepengypupr is
prefegilolg,arard kbkgmpt ey Braedip,s oy clépkepyhyyratimp, or an
alko %Wlarg\kcﬁ@)k,’sﬁhﬁuﬁﬁ% J@&@e?r&paﬁgrfréf@ié%% the one
uorine ato chl ori ne pr.efe [
conFa% Ut ilngzoa?ogag %oé%% St i {q%f:gg%rw%ﬁ g ﬁgeoggﬁgl%t%rrﬁup
hav1ng sa%l,ﬁlf}“ioﬁ‘iyeﬁ??uanﬂstrf‘ﬁet & ggoup, ethoxymethyl group,
or mepprafdaiorlogyelbpr opyl group, and the nore preferred is
OilferiTiA0bt URT aey al epeDeylker aypuplhe thakogeafatasby n
cyclopitip P12l2968- SUPSHE 1A PREAD , 96AHPnbSe %Qrélfe%fa%rl?m y
Lo didnl 1eabom g ehlorinesalom - and. more Br elet abler group
CYCLORY Yot & “aPom & SubSt 't utT on Wth the aFggen a%m ’
the syhetyfardtaBry B nbid-Sade @S- $UBsERPRLFRTE ofh& » and 1s at
least halogarssiabuent usebegieehyiirogr shpsgisuprefreriailipg of an
alkyl Zddupocephandingroup &dehbonopbeny| Bimstgen @tom, amino
group ,Z,a‘}fdd'hph%&g;pg QY . 9BQUPe r2BTH e Nel SrQaTY OFQUBLBSL i tuent
the .ha %gen-s sjrrute ngﬁ%eroaryl %éo%guﬂg¥lbe.% atom
are metiyd FETHRr 8 a2 EF &R af bt i B h&BrEEYE Pee™:
[0037gr oup contai ning one or nore heteroatons sel ected from
mibieno §& romtRimi s sal hatogero mt cend i6x pgenbat Binorimengton,
chlorigCR Rl eopaiydi M AiRwm, the Preferssry) ldorine atom.
[0038ﬁ!ve-nenbered or a six- 30 nenbered

ni troggn-cont ai ni ng aromati c heterocycljc grou
EBEPafni g M 6F 3P it Bde F X8 ms 1 L ERBYpPar o i, the alkoxy

groupsgdgpyeintrometpy rdldyyll group, apyieastilieyedgye. and it is
preferpibpgr kel 8Ykoqy atypurpyonakidinygl 1 group, camophalkbnyl
Exenpl3rQUBucRYEI 0N SRR 1hET 182 Ohy nGEP WhoRY 5380kYhoxy
group, pyridyl® group, pyrimdinyl group, pyridazinyl
group.3g group, pyrrolidinyl group, pyrrolynyl group,
[00390ni dazol i di nyl group, imdazolinyl group,
pheazp! i ®| 1groumlienydz givonpl ogr aups Lipimar igdyplp, these
groupsdm@yPoec 288 4l PR{RT laBbphreJEELPR> and anong these, the
(0040l € erred is pyridyl group. The hal ogen atomis
referably flLuorine atomor chlorine atom, and re
BRER AR R OB ORETEE FReESHBS (ARG WA Eh
structulfe, hBf egeh R3t begdthay doemall poavmehbylere chain containing
2 to SOcasubstitdtid Ghd [PPE48) E&E8ehds psefiafeahnsa formed
hal ogen-substituted cycl oal kyl group 5 containing 3 to
6 carbon atons, and preferably, a 2-
hal ogenocycl opropyl group, and nore preferably a
1, 2-ci s-2- hal ogenopropyl group, and particularly, a
(1R, 25) - 2- hal ogenocycl opropyl group. The nore
preferable is nonofl uorocycl opropyl group, and in
particul ar, cis-
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10 nonof | uorocycl opropyl group. The nost preferable is
1,2-cis-2- fluorocycl opropyl group, and in particular,
(1R, 25)-2- fluorocycl opropyl group. [0049] RO
represents hydrogen atom phenyl group, acetoxynethyl
15 group, pivaloyl oxymeth¥§b group, ethoxycarbonyl
group, chol i ne group, dinmethyl am noethyl group,

5-i ndanyl group, phthalidinyl group,

| -2- 0%0- Ineth
polymgifiQie SIS Beigits g o ALRYIRT I Rl WG
attacheq d:feeJ@é;lObéﬁ shenst ralwmﬁéphytrg%w coffhai By
forme@ Ixng7na&rhaneaaoa$zeowfeséﬁémbbeaalahkglt@rsmﬂ}membered
ring, C&rmrar@n%g tﬁ@s@l kﬂh@'}%réﬂé?c‘i{édc QQ'E?B Uﬂn&ﬁbé—xl‘qé@ r@.rféaBQOE‘-
prefera Q
nenne AL OTANCBACRAL GLOLR JEL s ool es aply Juck aden
mEthY%ﬁQﬁn9QQW?féPa5F% ¥ﬁﬁ§ﬁ¥%¢n§t8ﬁﬁﬁ§ %?Xkﬁ%rﬁ?R%ﬁSﬁﬁoWlth
oxyderctdtom mg stdiprandont he Mfore pr ehburated shdtamayede. The
ring Ri@Bd ¥ RS piefrer abl ypfisiine S@Mmaﬁwad&p@em MHa0Fgen

atom C[n%%glg']o tlorrlall sups! A ¢ Féfdgﬁ?&ﬁ ijggigb 9130 6
carbor GHERS -y HRFEHL P@%ngan?émg% t9ide Bt A A
Chlorlpet GtemearBen adtké’r?:s Srsgpamaallk%@l@%uﬁ ééﬁ{iaglﬁt repain or a
brancheﬁ.@lkgﬂbgnoa@pnamihyﬁf@geﬁeated]afgamﬂjgﬂognpubalegﬁw&
group,atRBoyd §abQYE NSy bsddd I@%@d I HPUhe Hord preferred

are me@%' 99ﬁ98ﬂﬁt é/tl'g}lo oug 1 c S tru uy{% ?ﬁ ngof,’i&{m’larﬁy
subst é\% dotithe nﬁ%lq’ﬂ?ﬂt glcanﬂst?@e 89% atom.

[004Tdny opt|onally cont ai n oxygen atom nltrogen atom or
¥hbhUR® afreiMRASt Agét g Meite knakoone tigl e gdouyp wayche
binds $8Pshit %ﬁ%ﬂdlﬁl@&l‘%@‘%b‘ 85Q4Pe GHUAI B R rhoh0cBrbon
doub1e BHRAN: 2 ALGEs 9RF 1 0aLT ¥nhayi g, 2 substituent ;[00p4l,
the pyrrolidinyl group having the R* and R® attached thereto as one
of the carbon atom. In such a case, the pyrrolidinyl substituent
moiety has a structure represented by the following formula:

[0042]

41
R

51
R

[0043]
wherein R*' and R, both represents hydrogen atoms, or one of them

represents a hydrogen atom and the other represents a substituent
selected from the group consisting of hydroxy group, amino group,
halogen atom, an alkylthio group containing 1 to 6 carbon atoms,
or an alkoxy group containing 1 to 6 carbon atoms.

When the substituent of the exomethylene group is alkylthio
group or'alkoxy group, the alkyl moiety therof may be optionaliy
substituted with a substituent selected from the group consisting
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Wien Ais a noiety represented by fornmula (11), and X2
is an al kyl group containing 1 to 6 carbon atons, X2
may be either a straight chain or a branched al kyl
group. Preferably, X2 is nethyl 10 group, ethyl group,
propyl group, or isopropyl 1group, and anong these, the
preferred are methyl group and ethyl group, and the
nore preferred is nethyl group. When X2 is an al koxy

containing 1 to 6 carbon atons, it ny of

of nyFORE| GoRiF -y ABIBCI P YBY AR ky g Dt B
contagpded | b fhepgbopndhgms hoaed B3 @ég@mybgaomo@/@lta@zmng 1
to 6 pachet alonsan ahdyd greas) emet ahnahgylthio Jreaphbedntaining
1 to é‘t 8£'§b<5H Ao %Q‘X}thrQHPaMﬂ '@;'r%ﬁp 1ebBeBieHPON to 6
carbo %i'u%ms W?eﬁrﬁferggfyhaagg]éwﬁthlr% o% o#]g{og}? ec_?rrz?ctxuggl%ntalnlng
1 to §| TRFR e OB oFOER| BY S Freraltlom m&ﬁ&YﬂfﬁPéop%?@'atﬂwylthw
groupf | merhaey gromp, Wened@oxy grd® hahdgehislbstrd ytederably
methynggﬂylgzg;r Br {ngghsgyogﬁ;h tom IS pr eferably fluorine

%Pé?e‘lf OEth 2 é?&lh tu e Eeﬁéﬁ %/uﬁééi@dt%% with a

atom groups
subst {Hiny &%%FE%B ﬁﬁg@sr% FE | Uor oYk Y175 £ 8o,
exome gy ¥engo igneehifs gr osigos S e | yhe\/\ﬁéhsmttit@fa ls
pref e 00 enarekiroxyogp o Ufmind @ﬂmaipogemuatmm | st g efanalrtiye

atom, %Jﬂﬁ%‘iﬁ@eg§gﬁﬁq Obr G 191 d:Re Fﬂ and nore
mo‘l‘ge erably fluorine atom Exenp ary hal ogenonet hoxy

ou i nclude fl uoromethoxy group, difl uoronethoxy

ra&ﬁa EPTPIRRT etHo Ry Frdup. 1F06§51°%e‘141%%3§1 gne of
R? andnif ey Inshragssnasdmbyndotiveletidy is X2uanin®3 ey, 3G¢thyl
group C@HAie gregpt hﬁdirrh@l fofapya oyohbG stopedpye perial Abbgal -
putyl %M % ca 04@1%08 ﬁh%&eae(—,ﬁ ﬁt 3&[&. p N&R byt BEoup,

1car gg the anI;r rg;rhg

viny aqré:'ﬁ”%a?fcn rﬁ]%odlﬁ hetetd; P ar bon

togethas \E@éﬁupﬁecm%@@mw g 2 °§nEIYR33°1%‘h%Fé% g dbgluding

the calfierm jangnf charednpy B efdr 8Bl yo haven & sipdeoofebi¢ ostructure.
Furthef MRTDEEERT PREFeBBbBRUcdiSidd RYgeRYiebeforhiies an

exoal te&‘lr ag‘%gu rcéﬁ@éﬁﬂﬁr %dtng' SaENGhI é:t(ﬁ{é' UCt ure my

l,so ¢ nltr ﬁe ato

X o gl 4° c8ﬁ§?¥?ﬁ%¥ % B oy S Tne atom,
or spigpelicd 1§t FHEL e Er SreRr @écom@rthﬁéﬁng u\m%wn Jtedhs chnghructed
by thealdopibigaoipn coftidhadeng 1 to 6 20 with a nethyl group.

[0045$uch partial structure is preferably a structure

PL.g3 Gt ?ﬁd@%é %ﬁ@n{ﬂ”ﬁ?{g o 81 Céé@ Sa Q‘@ o(rt E‘E rgglkyl

car on atom a tO nltro
group ceaseinsYHheh 0 i% ‘%"f‘rﬁg’r"’eﬁowﬁpr En P YBy 9F PPan%\Y
either Bl prrahdht hehaigulest iat beancieddabisy hardusr.maadc bki ¢
preferseBuakdr BetX2l idedusf etablygretby | pgsmp aretdpy| agaoup,
lsopr hgx¥ugd [ Olifte Ak LUBLORRE AOX Vo 4 Helin y POuP’ QH P t1ffL

gmup'nsflﬁo i BT o e LT g e

and R’ ppfet qf%‘sé‘sé‘ﬁPEd by formula (11), and the

foo468ubstituent X2 fornms a cyclic structure, the preferred
RS i efﬁﬁ&t bOHaQtB en-substituted alk rou contaj]nlng 1
[

to 6 C%rﬁgoxam ne cari%iﬂ ﬁgiggglngg{é cgfc[l a%kgf& LO{J&

contaipipgi & yFaré %a"(’%%n Ir}FyI ﬁ‘yﬂ%&ﬁ@ﬂzﬁ%ﬁii‘—h‘éu%%ll&wl group,

or a h%{)@eﬁ%}u]ﬂ'dteltomﬁ@o@nﬁdegbamb pragent i nvention has a
[oo47Fharacteristic
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feature that it has a substituent represented by the
follow ng forrmula: [0058] 20 at position 7 (or at an
equi val ent position) of the quinoline skeleton. [0059]
I n other words, conmpound of the present invention has
a 25 characteristic featur&7that am no group is
present at position 3 of the pyrrolidinyl group; the
carbon atom having this anino group bonded thereto

L2 ubsti t t R3 whi [ hydr ogen ato and

Sahon it BrroreRatstaras ehononh b BoRthiflfy 1 co
6 cara@ns@ms + dthed alinsrat greup pesigtivomay be ehegher a straight
chainlepya roftardibed ggooppas sexbmsllilfSied byedebyyh $bup, ethyl
group?%zb}tluegﬁtoubﬂphblggﬂgp her3say mtgnog@@u@ndlmﬂylogmup,
Sec’bé%gft£%%§i3%5h5E§¥ (%%o gﬁ&%%bg%ltdttge preferred
is etﬁbbeﬂjoum The halqgrﬁ% aﬁ})?f“r SPPththgl?%J&ecé%xﬂngr%P is
prefegagawnﬁhdqri@arboqmamxwwhknﬂin@caapdbngh@ more preferably

fluorshe raamnsonzfcarsgm@g iFe T has hdesgeh beebbeltawedFul gyl Fhsup
h 096 o%%%ﬁg& %iéu}g ne, ROSI 1R rethyl
d

inclu éwk
Cf en Ot I’]2 are g{; rogen atom

gwoup {1 (g A" Ede it SRR ANE" PEPt oget her form

dﬂ§¥¥@%thﬁe% h%hﬂﬂﬁﬂﬂspéﬁFh§u§?¢LRXQ%Q@lkY@[9@63? R ERgring
3 to § d&bon atoms, exemplary cyclic alkyl group include
cyclopropyl group, cyclobutyl group, and cyclopentyl group, and
the preferred is cyclopropyl group. Exemplary substituent halogen
atoms include fluorine atom and chlorine atom, and the preferred
is fluorine atom. Monc-substitution with the halogen atom is
sufficient, and the preferred is monofluorocyclopropyl group, and
the more preferred is cis-monoflucrocyclopropyl group.

The halogen atom in the halogen—subsﬁituted phenyl group is
preferably fluorine atom or chlorine atom, and more preferably,
fluorine atom. The substitution with the halogen atom is
preferably a mono- or di-substitution. The halogen-substituted
phenyl groups is preferably 2-fluorophenyl group, 4-fluorophenyl
group, or 2,4-difluorophenyl group.

The heterocaryl group in the halogen-substituted heterocaryl
group may be a five-membered or a six-membered aromatic _
heterocyclic group containing one or more heteroatoms selected
from nitrogen atom, sulfur atom, and oxygen atom. Among such
hetercaryl groups, the preferred is a five-membered or a gix-
membered nitrogen-containing aromatic heterocyclic group
containing 1 or 2 nitrogen atoms. Exemplary such groups include
pyridyl group, pyrimidyl group, piperidinyl group, pyrrolidinyl
group, morpholinyl group, pyrrolyl group, imidazolyl group,
pyrazolyl group, pyridyl group, pyrimidinyl group, pyridazinyl
group, pyrrolidinyl group, pvrrolynyl group, imidazolidinyl group,
imidazolinyl group, pyrazolidinyl group, pyrazolinyl group,
piperidyl group, and piperazinyl group, and among these, the
preferred is pyridyl group. The halogen atom is preferably
fluorine atom or chlorinme atom, and more preferably fluorine atom.
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wherein the amno group is at Vconfiguration is
preferred. [0064] Wen either one of R4 and R5 is
hydrogen atom the following 15 4 types: [0065] Rs H
04V11l n,H Ras"4R6R3 i RGRAI": n R6 NNN14 R1/ \RR1l/ \R2
Ri/ \ RR1/ \R2 23 [0066] 122 are present. The one
having structure 1 is generally nore preferable than
the one having structure 4, while the actual

referahl e form changes according to the structure of
The s{haridOR HORL FRS TR ICSM PrEMGLF BT T SRt AWTERPR OF
di-subdfaitggea.of the 5 present invention. [0067] '
[o04Aref erabl e basic skeletons for the quinol one

G Doxyld £o.a011d, BAKLAGL8n SURSL 1Ay Ay cRBRLLY PNyrod ©
contafﬁiﬁguymgobsl8g§bééxg¥gms%oand preferably, a 2-
halogenocyclopropyl group, and more preferably a 1,2-cis-2-
halogenopropyl group, and particularly, a (1R,28}-2-
halogenocyclopropyl group. The more preferable is
monofluorocycloprdpyl group, and in particular, cis-
monofluorocyclopropyl group. The most preferable is 1,2-c¢is-2-
fluorocyclopropyl group, and in particular, (1R,28)-2-
fluorocyclopropyl group.

[0049]

R’ represents hydrogen atom, phenyl group, acetoxymethyl
group, pivaloyl oxymethyl group, ethoxycarbonyl group, choline
group, dimethyl aminocethyl group, 5-indanyl group, phthalidinyl
group, 5-alkyl-2-oxo-1,3-dioxol-4-ylmethyl group, 3-acetoxy-2-
oxobutyl group, an alkyl group containing 1 to 6 carbon atoms, an
alkoxymethyl group containing 2 to 7 carbon atoms, or a
phenylalkyl group comprising an alkylene group containing 1 to 6
carbon atoms and phenyl group.

R’ is preferably hydrogen atom.

focos0]

X! represents hydrogen atom or a halogen atom. Preferable
halogen atom is fluorine atom or chlorine atom, and the more
preferred is fluorine atom. X' is preferably fluorine atom or
hydrogen atom.

[0051]

A represents nitrogen atom or a moliety represented by

formula (II):
[0052]

Y I

X

fo053]
wherein X* represents an alkyl group containing 1 to 6 carbon atoms,

an alkoxy group containing 1 to 6 carbon atoms, hydrogen atom,
cyano group, halogen atom, a halogen-substituted methyl group, or
a halogenomethoxy group. X° together with R® may combine together
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[ 0069] Preferabl e substituents at position 7 are
as shown bel ow. [0070] 24 [0071] Accordingly, the
pref erabl e conpound of the present invention is the
qui nol one carboxylic acid basic skeleton as nenti oned
above substituted with thelfubstituent at position 7
as 5 nentioned above (nanely, the conbination of the
basi ¢ skel eton core and the substituent as mentioned
to fo%()%e):g ? t&%’ rur:lrrlc'lal ?Lgcfﬁc}'f%?m ar%v%’f %?1% mO\L.Eer nucleus,
ration yrrolidi ne"rihg
and t@@b%iﬁvﬁ ut st tIPrth élagnP%l@%W |C§n§|atlﬁe ngaze%rafgan
nitropeef etabl yor tshd fognpoandasfa thenpmesdetr abeentamh il ring

may b&0stbet eochaniwaahl ¥npHlRyl [§EAZ] containiRgelefs sl carbon
atomseéﬁggégg%{y(ﬁ%?%n%ogpgﬂggtfguégga present invention is

? 3-am no- 3, 4-di met hyl pyrro/idine-1-yl]-6-fluoro- 1
18hen A is a mo_'Lety represented by formula (II), and X is an

 alkyl[ ¢t Hertinianocy ebopr cpstidn b tbudi, Nk rma8 tetiyhed- 8

strai¥REUEROIA NE3-CBLRAXKEE Ca AGH T 1@ 8R! tprOfe ABINAT &2 €55 methyl

th
group, ELE qroup.  EORYR 19T R T &SO&IPP; |TEAR UL, prens
thesey (4 @Seffrfrle%ﬁB‘éy@? FESF?C]“Pl ardd Rt o9 BRRA FEYE) the
more prefrires iiwen8tbml boxylp ¢ #bed, XA isalan adkoayhgmlm e
contaifi®of .to 6 carbon atoms, it may be any of the alkoxy group

derlvg@ (j?’isz)m ]theI glggln rg‘u 4- z—gé '@Ml@)\éﬁr Qigb@é ne A:!'n %] aﬁ gé u

* aosor fh83 Ryl L0 LI 00 [ YIGOLL O oo

carboqa]y%ﬁo&%se otrh@peég.koxy group containing 1 to 3 carbon atoms,

and mGrd PrfierebldyentyllyB-gmiupy lopy meohpdyngrduyl] - 6- f | uor o-
¥then X* is a halogen atom, it is preferably fluorine atom or

chloriﬂé"% glnﬁl C%féige[}ra%[ﬂzl]fﬂlo%lgé hXE’{;\—? SWHEI'thi %9
B ere ot e e

gro the halogen atén Ys preferably

£ 1u0rm6[ FLoM RE- Ahé@iﬁsﬁe FRbaE. h?-lnﬁyfﬂpﬁﬁl Bragenaliy fBuprdpeoaton.
Exempllary halogen-substituted methyl groups include fluoromethyl

group | ((iR128 oRe EhiDr Qe Olérn‘élp)ilr]lfiuérgli(l@ﬁ’lg}} - hoé,(JYmﬂIarly,
when }nggué nﬂéi@geen m%%&z%%%%uﬁc' fgl‘xe e}'lasl%gte’n ot F¥ df;:?éi.eerably

Fluor i 6T 3. GHEABINS TR S IR PrESEFaPhE: 1£4Tiqg aton.

Exempliayat dalogenomethoxy groups include fluoromethoxy group,
difluorcomethoxy group, and trifluoromethoxy group.

[0G55]
When A is a moiety represented by formula (II), X* and R® may

combine together to form a cyclic structure containing a part of
the quinolone skeleton (3 atoms, namely, the carbon atom having X2
bonded thereto; the nitrogen atom having R® bonded thereto; and the
carbon atom between the nuclei having X* and R® bonded thereto).
The ring formed may preferably have a size of 5 to 7-membered ring,
and the ring may be either saturated or umsaturated. This cyclic
structure may also contain oxygen atom, nitrogen atom, or sulfur
atom as a constituent atom of the ring, and this cyclic structure
may be further substituted with an alkyl group containing 1 to 6
carbon atoms as described above for X*. The cyclic structure
preferably contains oxygen atom, and it is preferably substituted
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30 2, 3-di hydro-3-net hyl - 7- oxo- 7H pyri do[ 1. 2. 3- de]

[1,4] benzoxazi ne-6- carboxylic acid, a salt, or a
hydr at e t her eof, 7-

[ 3- am no- 3- net hyl - 4-i sopr opy|
pyrrolidine-1-y1]-6-fl uoro®9[ (1R, 2S)-2-fl uorocycl oprop
y1] -1, 4-di hydro- 8- net hyl-4- oxoqui nol i ne-3-carboxylic
acid, a salt, or a hydrate t her eof

with §5$e£ﬁ{PQ% Q?Q £%€f§gp899¥cture is preferably a

strucklrs jremmmrenten, yoepe%cpwfrwﬂ] -~ el (Bl B nbipgATbon
atom 4t Oxdquighd! end- Bipds boxylitmrageindatamsal t, or a
[ooséydrate thereof,

(3R 0- [s3 affb H%?” PBL N S QR @B¥hu1a (11), and the

rroH
subst { Yy Form e FYTLHC RERREYRR di[ 45 DEetREEbly
methyt 1grzqumo e@éﬁ;‘fosa@me e diy0 Byolp - aél 8l ueraedtthoxyr ggoup,
cyano hyxinat,e orheheot ine 2otom, and most preferably methyl group,

methog (B, NBr4acy ShORERMH gyl pyrrolidine-1- yl] 6-f

041 f C I p op 4- ydro t
%% }x‘ 9)%O§UI no?g)ﬁ Ile:b car%%xgl i|’° ke l_%ull Qf t, tﬂe
subst t ey Ha cyclic stxucture, the preferred 1s the
formaﬁlqn34§hﬂné dikydtopt-opthy3- ﬁebhykpyfpywldhﬂiezl3yﬁk}61f4}
benzodd#ii@-65carboxylic acid skeleton, and in particular, 3-(8)-

methy%aylx(di'?)béﬁ)zo%a;iﬁ@rgggérﬁ%x ropy1] - 1, 4- di hydr o- 8- net hoxy-

(00571 oxoqul nol I ne- ylic acid, a salt, or a .

drate thereof . _ o
' (1%1’5?) QTGP?‘BD%rﬁ’%cFI@ EFESEPE opYV B Ht HAD W CHRFarheristic
featurl t®at it has a substituent represented by the following
formulfd.uor o- 2, 3- di hydr o- 3- net hy1- 7- oxo- 7H pyri do[ 1. 2. 3- de]
[0058[1,4] benzoxazi ne-6-carboxylic acid, a salt, or a
%ydrate t her eof
7-[ 3-am no- 3- net hyl- 4-vi nyl pyrrolidine-1-yl1]-6-fluor

) -2-fl uorocycl opropyl] -1, 4-di hydro-8-net hyl-4-o0
ol i ne3-carboxylic acid, a salt, or a hydrate

N ‘
Rt%(l #3)-2-fl uorocycl opropyl] - 1, 4-di hydr o- 8- net hoxy- 4-
15 oqui nol i ne- 3-carboxylic acid, a salt, or a

at poshYdbAl £ Fﬂ?%&pﬁn equivalent position) of the quincline
-10- [ 3-am no- 3-net hyl- 4-vi nyl pyrrol i di ne-1-y ]

9-
skeletpliat o- 2, 3-di hydro- 3-net hyl- 7- oxo- 711- pyri do[ 1. 2. 3-de
[00591[ 1, 4] benzoxazi ne-6- carboxylic acid, a salt, or a

hy vt twwedgof compound of the present invention has a

charac¥el Sstdd Maduiet Byhe n@mﬁnmfw;pwsr ehiegene- dr Ydds foifdrl 3

of the QQ%r%? y% ?FouP carbo aefm thﬁng thés r?o qfoup
bonded;%i%'ﬁﬁ S a. S35 e'ﬁ? o5 prope 4 TgirageRy glgpe and

the cayper egfom at position 4 1s mono- or di-substituted. That is,
position 3 of the l1-pyrrolidinyl group is di-substituted by a
substituent including the 3-amino group; and position 4 is mono-
or di-substituted; and accordingly, pogitions 3 and 4 are tri- or
tetra-substituted.

foos0]

;
]



7-[ 3-am no- 4- net hyl ene- 3- net hyl pyrrolidine-1-y1]-6-flu
or o- 1-

[ (1R, 23) - 2-fl uor ocycl opropyl | -1, 4-di hydr o- 8- net hoxy- 4-
oxoqui nol i ne- 3-carboxylic acid, a salt, or a hydrate

t her eof, 21
25(35) - 10-[ 3- am no- 4- net hyl ene- 3- net hyl pyrrolidine-1-y
1)-9-

5 R B LT i ana e sRHaEf TS Bt heon,

and aﬁygrg;@'}mersg@freoz_somerlsm arises as described below. First,

the twe[ S8pariex- 4-f| uor onet hyl- 3-net hyl pyrrolidi ne-1-y1]-6-
[oosifl uoro-1-[ (1R, 23)-2-fluorocycl opropyl] -1, 4-di hydro-8-m
et hyl -4- 30 oxoqui nol_i ne- 3-carboxylic acid, a salt, or
fydrat e t hereof, s R?

hy1- 3- et hyl pyrrolidi ne-1-y1]-6-
Nr/cyclopropyl] 1, 4-di hydro-8-m

hox -4- oxoqu -carboxylic acid, a salt, or a

her eof ,
) 1OHF3 anlno 5 f
9- 35,

1

N, kﬁoro§Ethyl 3- et hyl pyrrolidi ne- 1-
y
r™ udyg 2, 3-di hydrRY- mghy! - 7- oxo- 7H- pyr i dof 1. 2. 3- de]
5 [1, 4] benzoxazi ne-6-carboxylic acid, a salt, or a
are pPYsE edheheobosition 3
[0065'[(3R) 3- am no- 3- nethyl 4- et hyl ene
rrolldlne-
Rt & FlF@I‘}Zl%)R 22¥ u%%c‘}h’cqr&&ﬁ&p%j’ms(h%?wgl thegcase
when R“hy‘ﬂ@ﬁoRZ tqeeié?mrnﬁpmeass%WWﬁh,c thei §olhowing Storacgure:
10 foosdtydrate thereof, 26
7-(3-am no- 4- nethoxy 3- nethylpyrrolldlne | -y1l)-6-fluor
-0
R”: FFR 2S) - 2-fl uorocycl opropyl) - 8- net hyl - 1, 4-di hydro-4-o0
i ne-3-carboxylic acid, a salt, or a hydrate

er epf,
nz"“ |

5 N 28) 2-fl uorocycl opropyl] - 8- net hoxy- 1, 4 di hydro-4

;ﬁqblnollne 3-carboxylic acid, a salt, or a hydrate
thereof

whereifr [t(h’éSaﬁSjle Sg A Qt-A &t uzeborrﬂ@yﬂaﬂ'rdretﬂmy orgtfeokéedi ne-
[00643-y11-

?thh’luggglaér [&}5 c?fS)R"l 2131{1&1 U Q5ly g&fbg&[l OJQQ’CH %}féEthQﬂSWJ.ng

15 F 04- oxoqui nol i ne- 3-car boxyfic aci d
4 LYPES: 4 hydrate t her eof ,
[0065]107-[ ( 35, 45) - 3- ami no- 4-f | uor onet hy1- 3- net hyl pyrrolidin

'Qp 4- met hoxy- 3- et hyl pyrrolidi ne- I-y1) 6-fl uor

1-y11- : -
5 F?Lcycl oprop!\éi % fl uoro- 8- ﬁatﬁ xy-1, 4-di Hied 4- oxoqui n
ﬁ/ﬁCld & S zOr a Qr

H 1 of , H v
) S, 45) - 3- 4-fluoro -3-nethy|p I|d|ne-
R y1)y P R® R¥:

R
&N fluoro-1- [(1Rﬂ 5)-2-fl uoro- N cyclopropyl]hB ne?%yl
R/ MNdihydro- J& 4™Ngxoqui nolh Bﬁzarboxyl hq/ac\lgz a
salt*, or a Hydrat & thereof
7-[ (35, 45) - 3- anpno- 4- fIuoroneﬂhyl-S-nethyIperolldlne-
I-y1]- '
[0066]
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15

1-cycl opropyl-6-fl uoro-8-nethyl-1, 4-di hydr o- 4- oxoqui no
line-3- carboxylic acid, a salt, or a hydrate thereof,
7-[ (3R) - 3-am no- 4-f | uor o- 3- net hyl pyrrolidine-|-yl]-6-f
| uoro- 20
1-[ (1R, 25)-2-fl uoro-1-cycl 88ropyl ] - 8- et hoxy- 1, 4- di hyd
ro-4- oxoqui nol i ne-3-carboxylic acid, a salt, or a
hydrate t her eof
am no- nmet hyl pyrrol i di
are pfEAeRy) [ IhR BES S W el DL R LY ol et
preferaphe ~han &%@q@PﬁoWWen% WW]EI ¢ avpile dﬂ!s&alatCtuéF- a
prefehgillatfotrhehenfes according to the structure of the

subst?__ézerliu( 38). - Zamoro+B=f buphoreidy knd RRERAYhPYRE GddsHdN@d the

prese?? r()qtﬁ?FIR 25)-2-fluoro-1|-cycl opropyl] - 8-net hoxy-1,
[0067). di hydr o- 4- oxoqui nol i ne-3-carboxylic acid, a salt,
o&rqﬁqry@ﬂ&tbash@rgkﬁletons for the quinclone carboxylic acid
havindg -4 (Sf)st3taghboaB- ﬁ&mm&em@@%mtgmwrpwen@m di ne-1-y
[oosgh] - 6-
fluoro-1-[ (1R, 25)-2-fluoro-1-cycl opropyl]-8-nethyl-1,4
-di hydro-4- 30 oxoqui nol i ne-3-carboxylic acid, a salt,
or a h‘drate t her eof,
' 1 no- 7- net hyl - 6- azaspi r of f4]heptane-5-y1]-6-f|u

‘ N
7 no- 7- net hy1- 5- azasprﬁLZ 4] heptaneds yl]-6-flu
ég F F

35[(1 ) - 2-fluorocycl opropyl]=%> 4-di hydro- 8- met hoxy
-4- oxoqui nol i ne-3-carboxylic acid, a salt, or a
hydr at@ t her eof , o

35) - 1lp- [ 7- ami no- 7- et hyl - 5- azasfii r o] 2. 4] hept ane-5-y1
o) R TS50 P L% oan " Vil

fIH- pyrido[ 1. 2. 3-del [
. , a salt, or a

hydr att® t hereof, 27 :

F. 70l 8- 'n%-S-nethyl-G-azasptﬂ@[S 4]octane-5-y11-6-fluo

ro-1-
\TI(lR 2S) - 2-fl uorocycl opropyl] -1, 4- dlhydro 8-methyl-4-o0
XOQUInO|In83 carboxylic acid, a salt, or a hydrate

COOH
hydr o- 8- met hoxy- 4-
Jalt, or a hydrate

" h , N N
- -(8-anino-8-nethy|-GEﬂiiitLro[S.4]octane-5-y1]-
N ég »F
fl uoro= ,3-dihydro-S-nethy1-7-oxo-9ﬁbpyrido[1.2.3-de]
[1,4] benzoxazi ne-6-carboxylic acid, a salt, or a
[oosghydrate thereof,

ﬂzogfe{z(aﬁ)e Euﬁgl:ﬂz‘?ugn{@te%’ Lowiazasphr 9ke- 41 NaRtAneeao%t

[0070 [ (1R, 2S) - 2-f |l uor ocycl opropyl] - 8- net hyl- 1, 4-di hydro-4-o0
xogui nol i ne3-carboxylic acid, a salt, or a hydrate
t her eof




7-[(70)-7-am no-7- nmet hyl- 5-azaspi r o[ 2. 4] hept ane- 5-y1] -
1-

cycl opropyl- 8- net hyl-1, 4-di hydr o- 4- oxogui nol i ne-3-carb
oxylic acid, 15 a salt, or a hydrate thereof,

7-1(7S)-7-am no- 7- met hyl - 524zaspi r o[ 2.-4] hept ane-S-yl ] -
IT(IR 2S)-2-fluorocyclopropyl]-8-nethoxy-1, 4-di hydro-4
- oxogui nol i ne-3-carboxylic acid, a salt, or a hydrate

t her eof :
/6) - 7- aMl-ma- 7- met hexw- 5- azasp 2 4t e-5-yl11
fu,, N— N— u,,, N—
yc opr op 8-Tret hy = di hyd 4-0xogui e-3-carb
H2oxyllc acﬁ , a saIth%r a hydrggg t her eof 2 f00731

Next, method for synthesizing 3-am no-3-aliphatic
hydrocarbon substituted-4-aliphatic

" i CR—L S nt e presémi-nventi v
X ri bed. piNEﬁ exappl N—of th%I;anTno al Nphati c
2Nwdrocaqu stit 4-alip :

hydrocar b substltﬁt d pyrrolpg#ne deri&%yive i's
3-am no-3-al i phatic hydrocarbonsubstituted-4-aliphatic
hydrocarﬁg: substituted pyrrolldlne 1-y1 30 group such

as 3-am 3- net hyl ted./’
Li di nery\, group. o, y, —
no- 3-* -4- al -substlt pyrrol

HNlerivati wgN 8) whi cHst a typigdf substlf"zfént con‘pound‘
in the present 35 invention can be produced by
synt hesi zi ng an |nportant i nternedi ate by 1, 3-di pol ar

cycloadd| on u3|n substh“ggd crotqmgbe ester (1)
F d\gzo et h ﬁor the tion h*~
owed Uy olyﬂ" the e DI et §

H,Nconver si giNi nt o ani Al 't hough he i nvenfwrs of the
present |nvent|on 4 selected tertlary but oxycar bonyl
group for the protective group of 28 the am ne noiety

MeO at posi ti 3 the p otectlve group of the an ne
y at py on 3 Ilntf 0 theyY}e tlary
o ycay, Jr oy 38" el ec
Ry

H,Npr ot ect i \HNgr oup dagsl not affqemathe subggfuent _
reaction steps and is easily deprotected Tater and a
5 protective group which is the sane as the protective

group at pgsition 1 pay also b esis of the
al |y e Co can
1 T e, opfhTal #sgsoNITi on

p|N|nterned@fh for gx e, by using a
chiral coPumm of thé& appropriaft® interne te, 10
preferential crystallization of the diastereonmer salt,
by bowmering chiral building block to an appropriate
r medi produce a di astereomner,- separating the
&r eomef_ b Tsi ng an appropriate separation =
PbNtechnlqug uch as silica gel chromatography, and
removi ng the chiral buil ding block to produce an
optically 15 active substance. Alternatively, the
optically active conpound may be synt hesized by using
the chiral -building block for the starting material.
[ 0075]




"OOR'11 COOH Step 2R Step 3R .).. iStep 4 6bz6bz

(4)(5) 20 Rl NH2R' NHBoc Step 5Step 6 abzobz (6)(7)

[00761 In the formula, Boc represents tertiary

but oxycar bonyl group, Cbz represents benzyl oxycar bonyl

group, Rl represents an al Rfl 29 group containing 1

to 6 carbon atons, and RIl represents R4 or RS

"described for the formula (1) excludi ng hydrogen atom

[007 gp077] Step 1 is a step wherein
alkoxycarbonﬁl-S-nEth 1-4- 5 substituted rrolidine

RFFULAINALY( 3 ?s%%?‘h%‘%ﬁez SPBPURd3ot g REesent
invengyen oldihe gribplone nepdeeiutisit retiddbes bt opke ketaxt e
mentiddgd alsbvar euebhi setyd iwecH 2hd enbshetueactavpddieaka. 7 as
mentlJIIﬂ':ed ALY Qh&ﬁ‘lei | den dised i s tRbAdUE! E‘Qet]@@sfg URRLRLBS

core dog qﬁgﬁ”’"%lbgﬁﬁﬁﬁ%’g%?%drr?ﬁrr%}a%%%”p@me e Jprmse s

shown RSyt ieésgrBhft cont Syraiian @ﬁrpﬁélFbOH of the
pyrroNdierz ylinh nbshbdxyied hyilth tthiematmhybsgtohp net eiltarrndR or
35. Hreeerd BUY NAhOfo A BRARGC cENERL ShF¥seMmOlinvedt iNA. i8,

stereé&ﬂé%i%%§1ylgﬁzg; he reaction solvent is not

f0072]

preferred examples of the compound of the present invention
ig as described below.

7-[3-aminoc-3,4-~dimethylpyrrolidine-1-yl] -6-£fluoro-1-
[{iR,28) -2-fluorocyclopropyll]l -1, 4-dihydro-8-methyl -4-oxogquinoline-
3-carboxylic acid, a salt, or a hydrate therecf,

7-[3-amino-3,4-dimethylpyrrolidine-1-yl] -6-fluoro-1-
[(1R,28)-2-fluorocycelopropyl]) -1,4-dihydro-8-methoxy-4-
oxoquinoline-3~carboxylic acid, a salt, or a hydrate thereof,

{38)-10-[3-amino-3,4-dimethylpyrrolidine-1-yl1]-9-fluoro-2,3-
dihydro-3-methyl-7-oxo-7H-pyrido(1.2.3-de] [1,4] benzoxazine-6-
carboxylic acid, a salt, or a hydrate thereof,

7- [3-amino-4-ethyl-3-methylpyrrolidine-1-yl]-6-£luoro-1-
[(1R,28) -2-fluorocyclopropyl] -1, 4-dihydro-8-methyl-4-oxoquinoline-
3-carboxylic acid, a salt, or a hydrate thereof,

7- [3-amino-4-ethyl-3-methylpyrrolidine-1-yl] -6- fluoro 1-
[{1IR,28)-2-fluorocyclopropyl] -1,4-dihydro-8-methoxy-4-
oxoquinocline-3-~carboxylic acid, a salt, or a hydrate thereof,

(38) -10- [3-amino-4-ethyl-3-methylpyrrolidine-1-yll-9-fluocro-
2,3-dihydro-3-methyl-7-oxo-7H-pyrido[l1.2.3-de] [1,4] benzoxazine-6-
carboxylic acid, a salt, or a hydrate thereof,

7- [3-amino-3-methyl-4-isopropyl pyrrolidine-1-yl]l-6-£fluoxro-
A-[{1R,28) -2-fluorocyclopropyl] -1, 4-dihydro-8-methyl-4-
oxoquinoline-3-carhoxylic acid, a salt, or a hydrate thereof,

7~ [3~amino-3-methyl-4-isopropyl pyrrolidine-1-yl]-é6-fluoro-
1-[({1R,28) -2-flucrocyclopropyll] -1,4-dihydro-8-methoxy-4-
oxoguincline-3-carboxylic acid, a salt, or a hydrate thereof,

(38)-10-[3-amino-3-~methyl-4-isopropyl pyrrolidine-1-yl]-9-~
fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1.2.3-de]l [1,4]
benzoxazine-6-carboxylic acid, a salt, or . a hydrate thereof,
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particularly Iimted as long as it produces azonethi ne
ylide without inhibiting the 1, 3-dipolar

cycl oaddition. The solvent, 15 however, is preferably
di chl oronmet hane or 1, 2-di chl oroet hane. The reacti on
may be conducted at a tenp&Pature of from-20C to the
ref lux tenperature of the solvent, and preferably, at
roomterrperature to the ref |ux terrperature of the

ent 0078 0St e s the_ste
STol £t b EaPt el &?tPY&PYFg‘éin%?%Fi'&‘lﬂe@ Fgoro-
1-1HA 1£82%b7ﬂre‘?]tué>é‘°CYﬁil§P§ﬂé¥51131 retidyabry 8 chabict <
oxogquindkind -G -enabbeyitpaiatd ora aad tpupicf achyrﬁmtds)ythereof
ext !’361%&:{191@; @tcﬂzéﬁoﬁﬁs Jnﬁat@@'li Qﬁéli/ﬁﬂé/%ﬂflqd@c@@uoro—

er Shth The
1 [(1193’2 ) ezt | ve foﬁl‘c&é}tﬁ aif dIQ§ %r eféra the
Oxoq“ Weh Claé’ba?{gﬁﬁg‘%ﬁ all S5t RE Ayt itdrrepdp
f f&ﬂﬁ “tlife [Bretnéno t 4ecigt oy cply 1t-Remabintpigrouig dine-1-yl] -9~
fluordas)3-idihydrgepenatieg 4 N d:te Bubyeqasnt . £ovRIIsi19” ]
benzo %:H’%J«%h 4360 rgllg%éﬂe aprs%tl%Ct b¥ea gﬁfdﬁpaﬂes thereof

. eCtIVE roup p%? B 1
i's peZyiox 6‘5? FodpPYTHE %gja‘é‘?ﬂor?’lf] gucro-t-
[(1R, R%hv?ocf&@Pﬁgcr'ﬁl@pW& | Oxypc A BEAYP - § snefdnel éﬁoquumolme-
3-carmonduict ediiy 4i s&l:{t oxmwerfmdmatbyth@mdﬁ?,aun reaction
usl Rg aReAsYL - mdt VIR phRral Sl yent -Buck &3 uoro-1-

(R, zfiz,g qqeﬁ%g%!ag@f%p tﬁl' L 'dqhgxggoéyq%& nd a

carbon-f ol

actlon
Oxoqqulﬁnﬁeﬁzgﬁrwr&ﬁqme% §24h appropt xda%aet% sheshe
: di3é&)i-A ot he- Il esamtdydft-4avhagkpy00gline - 1- yl]sﬁeﬁl@oro-
2, 3-digydviee 3sineph el - hyakol Nzipyg itibé L est Brd«lt [padi beagoRapine-6-
carboxtﬂol‘icgl)éﬁﬁﬁl i dined) ggc; al Mgd@ater thér&dr :lf E'\r/gbet er ]
es[ter t% fg meqcthéflene 461e%:g}r}‘fs?%rrodlbp :|.r1e 1 tyl? Sr%ﬁiugro i-
[(IR. 23 4o FEQrEPgo?%C ¥oRT IRy dorddde tiéBY‘B3§/0 a%y“et’o‘éf 1r?ét‘ﬁ’€§8qum°1 ine-
3-carbogmion| gcuded i srltthe car & Aydrahg Hwerdwf protective
gr-qUpPamingosind iy 1knkes 3nakthlf petesl, i AR -typlcakh gliyro-1-
(1R, z@XszQLfiﬁb?oé&% p%f}elola éﬁlh?&fcsts#h@#r@ '43 of the

oGy iE 55 STEICHA LA RET e abtobusadl dOERcs. SHFReRE:
446eohe- Evtamingr dofeSBYILBRE hy rPdeYrafléadsesbrvt) oir

fluorocef , petldsydwn Tyartdwilde - cgp - 2 tppuisicidl . & -i3odedfilbal i um

benzoxﬁi@h@xsd@ai}ﬁb@lﬁ@’]@c:ﬂr wakertf ot aneddtte thereof,
E}C' gi Lﬂn%ﬁé '@%1%%%@8?%%@6}%%?&0%6@ d9e§1ﬁoé

ective rou
fluorosé T3Ri 59 D SGHeEvedPPoREY Hhit ks LRYeEsr SRPAFsY Y4
oxoqui@p ipe-Iocadiaxydiy Beigl assetl. tMe hyddspysi shegeof,
¢ o NeluatBth unddncacndt by T ohehé tloipvarodlidi he - presenge
fluorooi an1RCI -Cza-tf@u)b%bcyeléP ﬁgﬂ Oprd i@y 3ebY 8 0he t Hoxy -4 -
oreasfily er-?.c 381,015 30LUDT e Prererabls aetds [glie
(3%

o foming- éc?Eiuoéﬂ‘ae‘f%%‘e?n‘é‘?ﬂﬂhﬁ’éﬁwr%Fﬁme 1-y1]-9-

fluoroi8| HOBV}yBiced -teitsyl he-skep7ibfpcomedit. 2ng -tike [tat boxy|

benzox g OH- @lcawdan ac@a taes@yw Ard @ medi-bBg tReddbNO

Qrf)H?R} Hq'a‘ct‘nrﬂaeg hét %}\1 ”' f) r98§.18¥ne l-yl]l-6-
Pl’OPY

rea ran car
fluoro-1- E( -2- fluorocyc 8 met oxy 1,4-dihydro-4-

oxoqulnollne-B carboxylic acid, a salt, or a hydrate thereof,



10

16

20

25

30

3b

For exanpl e, when the rearrangenent is acconplished by
Curtius 20 rearrangenent, the carboxylic acid is
converted to acid azide by using a reagent such as
sodi um azi de, trinethylsilyl azide, or

di phenyl phosphoryl azide (BPPA) in an appropriate

sol vent such as toluene, and converting the acid azide
to isocyanate by heating the reaction ntxture and

then convert he i e to.a
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25 trifluoromethanesul fonic acid-trifluoroacetic
acid), the nethod using barium hydroxide, and the

i ke. [0084] Next, synthesis of pyrrolidine
derivative which is typically

7-am no-7-met hyl-5-azaspirdf2. 4] hept ane-5-yl1 group is
descri bed. 307-am no-7-net hyl -5-azaspiro[ 2. 41hept ane
derivative (17) which is another typical conmpound of

the resent i nve on can be zed onvertin
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nyarodaonnebbyEl diradta ShREakLE ARbAS D O%’tg;#&%g@%‘s the

PYrrOlé-fi&P?I ﬁ@rm@r‘feawhl[ceoee] re RE%RYT \ it isitds7 Peegeps)

invention is described. Typical example of the 3-amino-3-aliphatic
hydrocarbon-substituted-4-aliphatic hydrocarbon-substituted
pyrrolidine derivative is 3-amino-3-aliphatic hydrocarbon-
substituted-4-aliphatic hydrocarbon-substituted pyrrelidine-l-yl
group such as 3-amino-3-methyl-4-alkyl-substituted pyrrolidine-1-
vyl group.

f00741] :
3-Amino-3-methyl-4-alkyl-substituted pyrrolidine derivative

(8) which is a typical substituent compound in the present
invention can be produced by synthesizing an important
intermediate by 1,3-dipolar cycloaddition using 3-substituted
crotonate ester {1} and azomethine ylide (2) for the reaction
block, followed by hydrolysis of the ester moiety and conversion
into amine. Although the inventors of the presgent invention
selected tertiary butoxycarbonyl. group for the protective group of
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33 [0087] In the fornmula, Boo represents tertiary

but oxycar bonyl group, and Rfl represents an al kyl

group containing 1 to 6 carbon atons. [0088] 5Step 7

is the step of constructing a cyclic structure at

nmet hyl ene noi ety of the ace8oacetate derivative. This

step can be generally acconplished by using a

1, 2-di hal ogeno et hane such as di br onpet hane as an

| ating ent in;the presence of a base.

the a‘Bh%%sm?Jr‘?rHYu& BBFéE%‘P%rﬁfceFﬂ?oﬁ’gPéecgb‘d? ut ‘Fm% rci éFhea gine
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@9 arate an St ation under a re uc
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compoBid eiteber eantinoned Thicr Stxaspier, bgacpitorel srecoidudbad
using Bk rﬁ@&%&gaemmdﬁt@ CtarabkBgp 8ge Ny s}m &8solution

usingta pmcﬁﬁsrlalim %ﬁ f O%é %:}%l rlgtghf Qéﬁ'ﬁgcﬁcaec

nlumc or| nconltlons 1¥
mee%ed'&‘q‘lfét &y SE%F%H%W% 0 t%&f gﬁi”‘?ﬁ@r‘i’%m%e%gf eé’l'{ePY
bondingattived bohhdhhy kisutk iU eheapnrapr driel SyiRdmedigte to
produdd@OQliastereom&t ppsébdradifg shepdofsteckhimidrg gy asang an

appro&ﬁ% fs%iaEQEY&EStQéhﬂf&& 'E}clﬁy |a@'nsriqJ.clh%ef[engédlaQtfbgraphy,

=a e Fef SR R by e E ity
ly Eﬁ’gﬁﬁﬁ geoppound may

active, FUSSEEEET atfe tEgTdsATedUchthe
be syrthesdzedl yptusing ude pairadi bmitdiborblatkalirst thRaabgrting
materiiickel , Raney cobalt, and pl ati num oxi de. Wen
[0075§econdary amne is produced as a byproduct in the
Catal ytic reduction of nitrile, the reduction nmay 30
be conducted in the presence of ammoni a. The reduction

may be carried out by a nmet al hydri de 'f1pth?ﬂ30H“
10 func | fal groups i n e reaction systeﬂ exanpl e,
R rou_E ze Meypi c&tepekanpl e é §he
ound of thé pre invention is not reglced. A
typlcal exanpl e of t hBh et al hydride i s sodkum

BdPohydri de-cobal t @ chloride (11). If the ddter
moi ety is reduced, the reaction may be conduttkd after

convertdﬂlgu??on?ter noi ety Ko a QOdy ester such as
sibgptiary est egt ch |s Eﬁ—r—educscbpioogl]
——4£;¢H& he ste densi est er —weety»-
(car boxyl i® 40 acid unit) and hyl am ne within the

mol ecul e t€bproduce the 34 pyrr@h# done derivati ve.

Wien the epiper noiety is nethyl (@ter or ethyl ester,

t he condensati on can be generally acconplished by
11hea'ﬁlng t he reacthq #%IOH fromthe room

\ﬁeﬁ’r at ug‘e?&,‘_ﬂ aF ed step Bent R'\heMHBRS est er
y isZnethyl, est r r 5 ethyl ester, _
rolidone derivati can be directly prggdced from
' tggzreaction of Step gpzOn the ot her hand,Hwhen the
eﬁger is a bul ky ester guch as tertiary bytyl ester,
d condensation is al&dnplished by hydroly2|ng t he
ester by a method commonly used in the art, and then

[0076bonvert|ng the hydrolyzate into the pyrrolldone
In the formula, Boc represents tertiary butoxycarbonyl group,

Cbz represents benzyloxycarbonyl group, R represents an alkyl
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10 derivative by using a condensing agent such as DCC

.[0092] Step 11 is the step of protecting the

am no group at position 3 of the pyrrolidine ring.

However, the subsequent steps may al so be conducted

Wi t hout protecting the ani @8 group. The 15 protective

group of the am no group at position 3 may be an am no

protecting group comonly used in the art mhlch i's

stabl e. un t he reac ion cond tians:pf the su ent s
grOUPs_,FSBJC%M%v%e\Fé’r é S%E Bt APt @&%u 3 §reup Sﬁﬁ %h i & R
descrabgﬁuﬁaaﬂgﬁamqsmpﬁatﬁé defr Hag @Hd§9§5nfi%mﬁthe

[o07protective group at position 1 is preferable. 20
Exeap! £sid raclsla@ LBELEd B V3 Ritxyeakbenyl - Q-ftﬁéﬁhyla‘a(‘—‘tw
0 r 58

o R e
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ylidecagslict®d priddhetihgpteé ecidugHiRe gline gapups phiRluced, for
exampPéOtl?ftaldéﬁn%r QUBa{Bélw?Qﬁé L ok %?ytk}%fﬁﬁof‘&&é&lc acid or a

ptect | -0y
cata1 i ff ot Doy RELVGR L] ST it NoRE AL the timeagme L)
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partl@mmwmataaoamidaﬂ@ &H Q4P pataneskt Aednet Hisie ylide
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e e e e T
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refluastagdiranubydof dehors@braaat, assdupr e e bainkt e .atTheom

temperHasld @ $8LVEDE1bs adiPitaR@r8C8E0PRe solvent.
, N- di net hyl forrmm de, ‘tetrahydrofuran, or a mxture

[oo7 her eqf . [ 0094] Step 13 is the step of
r%@%lznésc*élﬂ%oﬁ'iﬁp dr’b&ﬁllé‘Fl PH@%Q]‘HW | Tt aJFh@’c’s””:lc’n 1
of the qyuuKildding tomyucs: eprhprising Thiredicndsageaferafoly
condudENiabydeedts | eigpEge Rasparach uean®t@hr id=itdes Buch
extrad@Sidd L Wik §§rb&ﬂ@@%@1@éékﬂ@at§@& ﬁn%iid&!@d by the

hydmlé"osn%(ﬁ‘ou%egﬂgu%ﬁt 10Xy) al um, nunéh drl de, ride

rsé'ﬁé-OIal bor ané:ro ecglve group at

positign rlaﬁy?dPSPE?ﬁPJdber?eeﬁnenglg@ R riisisawuishalaechn| the
deprotedtdions skepnf roudthaerosecahydr ofommmE dig eéno group at
positi@aGt beRefBYedeiaitd edivseaubnatl cont@MRMELLRceEh- I8E of

the sa(tg% %;Q‘Qgec{‘.QQgSg}routp is a@l?&agﬂe' S Etxjé% SES@eO rotectlve

tect
axoup CEREN PRl | oh TSRO BN Y OBEL CHTTI P DntRic Gy For

introdysaaidt tBhS RRNICITEYELrEORYEE 8ngenerml 1y comsichrd 1o
directc ephivgusadn doy aren motbual reateton Sisnioey (Hemzaylotbtbroormate

in a &:&%atagu@@sasldmhhdr%megﬂaﬁé %?%ﬁ@.ﬂﬁl&e dof pside

using & CHE 'tﬂg%é? d,lfh %ﬂ%a&ﬁ%ﬁegééﬁ Ecthel ;B%ASQ:L&%
er t1ons comm

with bﬁ&nzyéxﬁ%%ofcblii“aé'ﬁt &PyFPcaR%‘P fn'the

Presenplees*éneebmea catal yst such as pall adi um car bon or by
{0079g15| ng 15 anmonium formate in a protic polar solvent.

96{9%% %t%gr E@nhgfiz?éhﬁéﬂ{gedct@%@.t'e% aeeﬁsgit&tn 3 of

tion 4 pyLI e rl r.esenc

the PY%Foﬁ s S A T o e i i

6 carbgno@pome heanfb rsttesePeH  SHOUR tﬁst@é’oo@ﬁ}m’éheat%; | @

tertiatgi bligyhi sgrdhe the boyitcleabde casaber atwdudiond by any
Since the
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20 protective group at position 1 is benzyl group wth

regard to the conpound of the present invention, the

deprotection condition capable of maintaining the

carbon to carbon unsaturated bond of the vinyl group,

nmet hyl ene group, or the like at position 4 of the

pyrrolidine ring is provided, for exanple, by the

nmet hod usi ng 25 sodiun*liquid ammni a (Birch reduction

condi tions). % In the foregoing, the
mEthoﬁeQEFW?ﬂkytﬁﬁﬁg B@e hged®t i edang 8&r FESoPT@MptEs group at
positThosk BKindtedfifecthd, aand viiydided labbg hpdfolybis neding a
base &¥Nkheidia nehpaﬁobysi@lem@h%ua&nﬁﬁ%@ts dot @he ethyl
esterCQQSé&?cfl?Jee%” ?gglélgquﬁ:kpf tgﬁk ﬁ%ﬁs% déb‘iﬁé“éo%tlon

iS no I mt S escn

f‘%o@‘ﬂe%ﬁoﬁﬂé \éﬂnﬁgu JdF“to*W rBFéQ%nta‘iﬂﬁ%Jrﬁ Yeipn of
potaspsumpritinesd dey asi aguedies t9nisitdroda eba Coim dwst oggleoin
ethan&D o Wt «rl Fpllawdd Hwiiﬁﬂdﬂﬁid&kebﬁtbp Sonpttthbriate acid

which G L SRM %&Lf@}étt Bﬁe &Mtﬂgr grBubas€ 1&3511{:9:919% }':'o(:;_l

se ar%éﬁgh] erel % ﬁlare as %1 abov nd
P rea& e?entl 1):/ %%Igl;en L 5AF @Al og ﬁ"% r
tertl%“ﬂéc*%téﬁay °56PEN; AR diyEr B yisd5r 5 eRPRIY W%%ﬂ’?d&rglaé’&élc

condipmynhen dactbd wdammmm@ ¢8)doraCalpsunich @h7) .
approﬁﬂ% S9veat thewglémalenesskel g6 ofo LANOUNGreferable

acids def hgrﬁréélglc@‘é‘ﬁé 0&%{)&1 ALQMOL 2. POr AULSURSLIL et
trlfluoé%acetlc ag uc'émkéauenesulfonlc acid,
[0080]
Step 4 is the step of converting the carboxyl group at
position 3 of the pyrrolidine ring to amino group. This step is

‘generally carried out by rearrangement of carboxylic acid to amine.

For example, when the rearrangement is accomplished by Curtius
rearrangement, the carboxylic acid is converted to acid azide by
using a reagent such as sodium azide, trimethylsilyl azide, or
diphenylphosphoryl azide (DPPA) in an appropriate golvent such as
toluene, and converting the acid azide to isocyanate by heating
the reaction mixture, and then converting the isocyanate to amine
by hydrolysis using hydrochloric acid or the like.

[0G81]

Step 5 is the step of protecting the amino group at position
3 of the pyrrolidine ring. However, the subsequent steps may also
be conducted without protecting the amino group. The protective
group of the amino group at position 3 may be an amino protecting
group commonly used in the art. However, use of a protective group
which is distinguishable in the deprotection step from the
protective group at position 1 is preferable. Examples include
tertiary butoxycarbonyl group, acetyl group, and trifluoroacetyl
group, and the preferred is tertiary butoxycarbonyl group.

[0082]

It should be noted that Step 4 and Step 5 can be
accomplished in one step when the rearrangement is conducted in an
appropriate solvent. For example, Curtius rearrangement may be
carried out by using diphenylphosphoryl azide (DPPA) in tertiary
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10 chel ate. The boron substituents may be a
di hal ogenoboron or a diacyl oxy boron. Preferable
di hal ogenoboron is difluoroboron (- BF2), and
preferabl e diacyl oxy boron is diacetyl oxy boron [-
B(0OAc) 2], and these conpounds can be produced by a
known met hod. [0101] 15The production method is
descrlbed by using the conpound of Exanple 9 as an
anpl e. [0102] EOlOB] 20The target compound can be
bUtylpPBHBE%H Y RisyEey PndteRBLEN nol one skel et on conpound
butoxynaghoappraopricgyeredlidént @@t vadaotei.ng Conpound (8) or
fooggfl7) for introducing the substituent at position 7 in
L BE=pr £SANGH 0L B0AECath LN ULRCKERP: BKPI LI the
pyrrof pAFRS Ky BRE SUBsEPPTEHCHOR FPaGoePh| BRY Pemgpngacted
underpapy et ORI asplongces vethpgrndpnciaanak espduns and
configupietdn eereghotpa fotbesd! hainter thd byl tandyicar etk at
posit{&90) ié“%éﬂ?%lQQPé¥k95ﬂ§f”§¥ﬂﬁﬂ Wit AUPegReABL DOk compound
of thet:J %]Zé(l oz%gcaveo@ion gﬁg deacett\{actqr OUE conguc):(ty tn)éer

group uoroaceéty up, pival oy r oup; for
condibiQRp CHEOFY U§REubl ?%ﬁt@XHUtfPrgFBEBP %eﬁ%&lcﬁﬁ%§dﬁlc
hydrogeneitdnd sinl ghegpoepenemdi sopropylsti setihydsigallladium-
carboltXEAa R i3S 8fmbAShi deodaitRonat a phaﬂi@mmr&ﬂw@h@

When Qé:r ro@a%oﬁf ﬁ@a@&i‘aﬁié&‘%dﬁ%t %@'M'ﬂd&gt‘i%ﬂ& of

atria am ne .such as tr|
the PYEI T G0Y| BtRy For D CRETFIEL P % &SPt AR
as vingsk FEFC P c M EBYIPCRD riistiids tGc ﬁea@b‘wﬁmrh ghoplg. be
accompli afedsl efndleundeceneirand iy metrbphpt pestlbmemsatdrehed

bond. PEeheEer ede apotiddalvey laBipes: gaghidbPar tikcul ar
bEHZY%J%#gAEQO%ghP%TOJQQW§§Adggé notg Eﬁ n@%m§ I&iggi?%eypresent
inventiah i FABFEL B et CONIER T CRPRP L] 55F maintaining the
carbonli mstErponopraat wea tefl dersy lofsGhe vikinyle, S o mgi&ylene
group,acet ahet like, aetenicd jiordidmetthyhe apetasi tbine ring is
provided HRANYAEORUERSG BchdV éBaiP%Llﬁ i@LﬁéﬁHﬁia ﬁ?ﬁr&hﬁ

re I e X
reducx{% E%E%S@ESSQ)[ ek t‘ﬂ r'%gné% et% n&xoé Wéf%c&% 6{%81»

exampligy, Gy AEREEGPEC c%%’p%mtltchécﬂ r gt L LB ARGE i &n aﬁéd and
triflymotetaédnbyutfend iy itthe rbflonreadstia wand) noitdeympyhod

using Wpafiakhy Biy8roidk depidteet iaget he protective group of
[0084§he am no group The hydrol ysis of the boron

tltue oSAN conducted under _canditions ¢ nl
Neeh | rvebhesl o PRRPIEREHe BN Mhath FOTR dan1y
7-aningydeMpRhRh- %ﬂ%ﬁﬁﬁﬂ1§9ﬂ2véﬁpe§ %ﬁea%"anﬂﬁ%%ﬂ lﬁnéescrled
gt hanob - 7 Jin s € -azappetelabt jhaptaatehylearnvae ivandlthe

which H@aghbRet Styps &Ll alhpoeaRdYEt ek igradintCenkahhiodhan be

syntheggaégt t Qi 1 %%%B g HQQ§£ tggaa 'yﬁ QU8 gderivative
into aﬁﬁ“?PéE%%i@ qiiiqéi;gﬂ ga? rgcﬁél reggilonorcgéngtlng

cyanc group to aminomethyl group by reduction, and condenging the
aminomethyl group with ester molety (carboxylic acid unit) to
produce a pyrrclidone derivative which is an important
intermediate.

[0085]
Although the inventors of the present invention selected

tertiary butoxycarbonyl group for the protective group of the
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30 with concentrated hydrochloric acid. After the

reaction, the reaction solution is alkalized by addi ng

an aqueous sol ution of sodi um hydroxide. [0105]

Accordi ngly, the conpounds represented by the :

follow ng 35 fornmul ae (19)3and (20) are useful as an

i nternmedi ate for producing the conpound (1) of the

present invention. [0106] R3R6(1 9) RR [0107] In the

formul ae, Rl represents a group, conprising 121 as,
amine RFiSta1 agb qultﬁ% r-bg é:rheatpgﬁa‘tegg 1%E K§FOuR the amine
moiety @t giosindgoh 3ol rfotcdribdtedt onstha oyl igadyk putgrpoprbonyl
group GRNt1dINGI BY Shé Os@létﬂfé@ rdie av@rgﬂo@l Reddst wbedinhibit

the s@e@;&%ﬁ gég(l:'?lglfrétego% a%l%lm ?h g rod:e%tt):gld later, and
a Pro'ij’-‘ﬁﬁﬁla’ﬁaﬁmugu‘ﬁ%’t?kt Lf'tse SA05 §ﬁb‘é]i‘ "‘Eérlvécﬁ gup at
positifgrom may gisapoeorssdst | Aynbliekiairafkbgr oppicabdnactive
compouddoupn bal egedudial far akkybild| cb@rapgickQ eesbaiubidg
using ]ant % Ers £Dore afr?c!@z*me%;'ig.t@n @Bkoéz)[arﬂ{}%‘p b‘i/om?ﬂbni:é@oﬂutlon
% on, at ons, Q e rotective draip. g of the
using ﬁmc §TRE| goiumm © ﬁg’le PEPFSRENT S ”}qtreouf? CoIpri sing R2
PIEfeE%?tdéﬂlﬁéﬂs%ﬁﬁﬂﬂ¥aﬁﬁf@r@éeﬁhﬁtéhﬁs%ﬁF%ﬂméﬂ S@ngupor by
bondlngonharainguﬂldanshim0h0m0aannappxmpnﬂa$¢chmabkyédgatmuto
produc@Oat ah.asagx@mtéa: Q@ﬁlagoaﬁe &twstaéﬂéﬂmegr Bypudbng an
appropk%(::t @g ggb%? lét %QLCW gg gl?y ééijecmromatography,
ecte ohm t g}ﬁg | St 8r oup,
A RS fh BLACH) 1) ISRy Bpobtreally
activec §HPEFARPRY- 1At1§e5né’a¢%lw,attd?ﬁs OP&AgaAhY al KoiHe giyipeund may
be synthebakadngy idimeb thar bahral obhslldind; tlecpr 6bectheestarting
materigfoup of the am no acid; and 20R3, R4, Rs, R6, and R7
[oogsff € s defi ned above. [0108] Next, the
Brotective group of the am no group represented by R |
and R21 is described. The protective group i s not

0 uIarIy [imt Ion the ective group is
#y-ﬁﬁéjﬁﬁ W\ qsgir Nxenpl ary

;ﬂ ctive groupsd ngl ude alkoxyca booy! groups such
@5 tartiary butlxyeasbonyl group, and)2, 2, 2-
trichl oroet hoxycar bonyl group; aral kyl oxycar bonyl
groups su as benzyl oxyca | group,

stepBar angtl Wiylo%y@hrbonﬁ&i??ouﬁ?mand
paranitr Mloxycarbonyb oup; acyl groups such as

acetyl gqup, 0 nethoxyaceﬂyl group, trifluoroacetyl
group, chloroacetyl group, %l&aloyl group, fornyl

Waup, and benzoylnHpeeup; al kyl OMABocOr ar al kyl
j_¥_oups &pzh as t tary Rkutqyl gr%pﬁ-benzyl group,

N i !
. “Ph Ph
{14) (f5) (163
HBoc
Step 14

(173
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39 paranitrobenzyl group, paranethoxybenzyl group, and
tri phenyl net hyl group; ethers such as net hoxynet hyl
group, tertiary butoxymethyl group, tetrahydropyranyl
group, and 2, 2,2- trichloroethoxynethyl group; (alkyl
and/ or aral kyl)-substituted35 silyl groups such as
trimethylsilyl group, isopropyldinethylsilyl group
tertiary butyldimethylsilyl group, tribenzylsilyl

roup, and tertiary butyl di phenylsilyl group. [0109]

[008%0 ( 20) [0110] In the formula R13
e pirles efvbisydreot Eoici wepgesept of tedeian nutgxyeprbamgl group,
and RRUre Eseliss 4t a1 Rboapdo&ift A8 s 10ebl @egam &toms.

épll ] 15The protective group represented by Rnis not

particularly limted as |ong the protectjve rou
tHER e i &é?yslﬁ%d’# P InE R npY St 3F p?r%”@ F@eat

methylgrmpipeiatyl odethekasgiozadsdmtle devupstsveh Fhirastémrgan be
generdliy w&@ﬂﬂﬁhegrwmsﬁﬂﬂ 22,12 22dihalogenc ethane such as
dibrohdd Gl %et aﬂm QR 1ﬂf ehgy LXYEHDW L pase.

Exemp%acﬁy ?P@t S%)%J/Bg;}zé? OQ& 501 |%%.r %ocPlum hydride, and
metal Fadiim.r §9EnER ?o?%%%ﬁ%ﬁﬁ%ﬂregF &Bn ﬁ%&Ye%ﬁ%nﬁﬂ§l§@€ha5§t0ne
and Nﬁﬂxﬂnmeb@wdﬁprmami@®xyaQEEyIcgmp&gnlngwtmbumeeateoyl the
cyclo HotHduneh Q088 esdba KU anpl ¥ak0¥ied i ftanMbkion under
a red&gé&J -and.benzoyl group; alkyl groups or aralkyl
S such as tertiary butyl group, benzyl group, 25
[0083 aranltrobenzyl group, par amet hoxybenzyl group, and
StiephénjBnehéystep aifp coavheEing st sl kadicmex peaehy| to
aminorgraufe Hertiativduortrelchylr geadpion et ralhydsopyclesny |
react i¥OUR, cBREucrdd oy txféa(‘éﬁll%o%!ﬂeﬁymm agréaﬂéﬁatﬁﬁbkaéent
such Y8588 utdn SUDSIULET 151 LY L QRS SHEN 88 anmonin
group, ,TsOpro y [ Sl do,b
Chlor%¥ﬁt|%ﬁ? %ﬁﬁ%ﬂ%ﬁnnﬁPHQFEFPV? @ﬁ%nﬁ? qQPHHéﬁ§¥Ys??§@°te
refermgngupo ahd feredleary degcylidinphenydsly wseag dup thedamipperncid
synthag®ike than two of Rn, Rfl and Rn are protective groups,
ropsof he actual protective groups shoul d be chosen is abIe

? be determne%E ordln? to the knomAed% nve on
% EReht 1Fi 61U DA RE AFEUFoDeLE e N OFeﬁ% drs%
into rr@ﬁ@yg?mtﬂ%m Jhet rgg%%w qQfh yitrile can be generally
accomplished by catalytic reduction in the presence of a catalyst
in an appropriate solvent such as ethanol. Examples of the
catalyst include palladium-carbon catalyst, Raney nickel, Raney

-cobalt, and platinum oxide. When secondary amine is produced as a

byproduct in the catalytic reduction of nitrile, the reduction may
be conducted in the presence of ammonia.  The reduction may be
carried out by a metal hydride if other functional groups in the
reaction system, for example, ester group which 1s the typical
example in the compound of the present invention is not reduced. A
typical example of the metal hydride is sodium borohydride-cobalt
chloride {II). If the ester moiety is reduced, the reaction may be
conducted after converting the ester moiety to a bulky ester such
as tertiary butyl ester which is not reduced.
[0091]

Step 10 is the step of condensing ester moiety (carboxylic

acid unit) and methylamine within the molecule to produce the
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5 20. (0112] The t hus produced conpound of
Exanpl e 9 shows strong anti bacterial activity as well
as excellent stability and pharnmacoki netics as will be
evident fromthe Test Exanples as 10 presented bel ow.
When this conmpound was evaB#ated by X ray
crystal | ography, absolute configuration at the part of
the asymmetric carbon at position 7 (the site of the
am no group substitution) of , )
PYTroBidons (gt Re pt/dise: @%ﬁa%ﬂaﬁn%a%w 7§) mefhyd ester or
ethyl cesifer.nédet kehdeheapiet eraable gonpoahlly | acedwplasdiednby
heatinfide thectIo8phé Dbt Lyc| freons whst rboentedbeRnsind an 4n
appro§%§ataé’a %%&@gHEe i QWeabkeBy (Rdie 8p]i]s?’]meth¥1 esth PGS
e con‘pgl%_n of i %?rﬁre ent lnventi nl&‘lgaéi St %,g uced
ethyl SRGFactefi RV ARt T TS, S5 VEdmt VB e Ot e a4 2 Wrdlg PFEFced
from thargieactdoanPiafsseP ahd Phshheoptheyr hgnces@bent Fhe ofter is
a bullagrdsiiddt whah ehetecal sramaitidodstelhethy praalendaséonf is
accomﬁiﬁ%ﬁé&ﬂ%%uﬁgd951§£E¥§¥E¥%??%te&nM§n&'&Etﬂﬁ&”bdﬁ@ohﬁ U§eed in
s a n_drug 1s .
the @it 3a ERonobel Sty The Bty BAEe TS, I B EBGY saone
derivajfivien®Yi HFAREI dnCTISREHNG SOEPEASTE  FF difi'mal , the
[0092dose 25 is typically 1 ng to 200 ng, and nore
pefenably Bhatsisp 0 piptpetidgyrperamihorverghp at the
posit it @ab;ak B SNE119RS & 1MBY  MWe-RECOHNgubReilént steps
S| z% of _the (]5 totbertoreaged _tﬂge of C)them The
may al5% KEqERPENATTE obt gHints ME AR 487 Wi kLI TPRR - _
proteqidivgi BroHP SbcHe#HTRYFFOURaG Tt beCRb 3 st #PedPenag amino
protecgiimgl grdopeconménily? usedd iB0ttevaredvldiogesis Isftable under
the rd}R&83HaAb¥nddt (98 X GeRdisigssdtneatdsp dose RBYedEr, use of
a prot%%@i[\}'esgggg‘g'w]&g&%ﬂs disti EESh&QI@%{D%%T cﬁ%ﬁ%otection
resent I nvention has exceP?ent antlﬁapterl% a ;|V|ty
step fgh £Dgr BAOCTIGE GFOWMPcAEOPGAHFLTR USRS [55o0FT ous
Exampliegf dorilvas, terfilame kafteorycarhenpt eSeP c ARFSYRdIreup, and
triflueapabkeydf gtogat iag] theeyenfenged ors anedtiergt i ng t he

butoxyda$Baaes gﬁyﬁﬁ_d by such pathogenic m croorgani sms. The
[0093Eorrpound of the present invention is effective for

acteria and the bacteria-Iike m croaor.gani sng
PREPU? b StHIRASEC OEcBEOTSET i cﬁ‘ﬂf&ﬁ}gmp)}o nE&e 40
pyrrolidapkyring st Hopeyevcctbe sulsamEsdc §§eOpnBavebie ke

conductddPept Rett eptacentns, thei aaené agganor r ifheagrotective group
of posTeERET dChi@ KOldn SHihboRast et i geld cdihehsielitas in

; » Bl b S :
ene arp gHIRR A o, BEE hachpniridh dofiidRee of ene

subseqlenfefbBRCI br , FORBGT 0baRE 1f aReroERPAAYE; Group which is
distinguachabie i s Bl iEProthetibsesivas fvays ddebpmgnehgroup
protecPaB0geHLE 48 GPcRAgan SNesi pedtwtesiuper fhei hventors of the
presen%eggygtqﬂlt,i/oﬂ rge%cétét%]ﬁs bﬁﬂﬁg a%:f&?ﬁ lfc&i‘“ﬂl‘fé z)*rog:@,EHEGé egroup.
The re%ﬁ}r: DRSS F i Rt Pedueing Ehe ielanzlfl Sfou];yr{%h ngld{llcgéd by usin

tPow’ g Yyt g Y g
benzyl halide in the presence of a base such as sodium hydride oxr
potassium carbonate. The reaction solvent used may be acetone,
N,N-dimethylformamide, tetrahydrofuran, or a mixture thereof.

[0094]
Step 13 is the step of reducing carbonyl group of the

pyrrolidone. The reduction is conducted by using a reducing agent.

Exemplary reducing agents include metal hydrides such as lithium
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subepi dermal abscess, hidradenitis, acne congl obat a,

i nfectious 10 at heroma, perianal abscess, nmastitis,

and injury, burn and operative wounds; secondary

i nfections of |aryngopharyngitis, acute bronchitis,

tonsillitis, chromc broncBbtis, bronchiectasis,

di ffuse panbronchiolitis, and chronic respiratory

di seases; pneunoni a, pyel onephritis, cystitis

prostatitis, epldld mtis, onorrh hri ti
aluningp RS a2 SOFEE leéﬁom%%xeﬁ <o hét HH‘@FWshYdrlde-
boron shy@pel deo siompountier fuek  aadhiddnane, angdt Paware ne
tetrahydestiremh coapibeli Mittd $olbkaphased i s trideolymether
solveﬁ@cély&{?}é%t 'tte't;?ahgﬁic@@ﬁ%éz{” L +8Qr PEaLt b Shay BdWaGried

titis, sinusiti griodontal i nflanmmations,
out a%é?l o450 T %ﬁi&ﬁhﬁp om, 20 peritonitis,
[0024dndocarditis, sepsis, meningitis, and skin infections.
[DEEB14 is theTh’eepommaiﬁp:bcnrbcthagppesEtmOﬂ nverft tbe i s
pyrrofl e lfigel | ¥8af Ohe agdglh Jiﬁgtl%ckgébﬁl&ﬂQ’ﬁh}ﬂ%é\/lconducted

r cul onpl e
under baﬂgﬁ c%%d‘ig §/P§ g? f&&m %E%%% EshH l&?ﬂ #&?@Jﬂ gngls
Conflg(%atléé’h’i’s A&Fi toW a%‘?‘? %%f{rm Spe c VR SRPTP Uy
positivn iIntisabenkul ageoumM vwikdhogigarm toot}ml cemmounsd ol the
preserhelgeat) onThehaydohasiartian isf echannised aisRed kypnslichons

| commorp@ fﬁ%amlﬁ %&rm ,gafos'E?zca%Qed' Byd@&a 0 d h{y%emgenolysm

in the Qrl.es ul OSS % § g lr%coba el‘l OSb usin

ﬁ’ﬁ Sprosy: M%ao%aa B i%h ﬁ‘Fe # L OME A TR Y i
ammonigy) JOoFRate uh@ HRTH IS Rq%@FaéPéV%‘%n t yhepy geﬁ%anaﬁa carbon
unsatuyagechbendl yspbrewdds atbyposystien ¢ @f ssenmmatricdidine ring
due td @hat @ra@gn@@r&s tHE MRS rasdt beadn, a i gesH YR oQpyans

methyl@n%t ?’%Ehg é[?::l%t)ect%.l&hnshgﬁmg &4&[} 1i8%EF while
roat, urinary trac e enltgﬂéa
t

‘“amta&r‘?d“\ge %—‘g‘%‘i"% $9 £3PRE HBF’ﬁ By 4t ~1 ed Hy"
proteciiygi 65Pu35a%mﬂ§atcw itodiesPeRdn! t ek idds regard to the
compoumyic olfatherposia)t iivemtgonThehat ggpostiection condition
capablly 6@DAGE £F 4 DSirsy tHAWRMEhonaksO0cMHB&AE iihdit hr@pedabond of

it tissu ints

the v1'n g%gﬁ 5 rlé%theﬁgx{é wg,%fohgt | §§ Eia 3 Sﬁbﬁs& Q)%Sjl%lgh_rﬁ of the

PYrrOl&S‘ﬁBSuHH ! t%ma’rléaseéint LPRy EREYR 2] BFL8ed ¥ %mg

sodiumf-diauadi SuRomia r Gorginirefyct aoB | Frpddiieas)i-nf ect i ons
[00963uch as Escherichia, Sal nonella, Pasteurella,

kﬁeﬂﬁ@hféf&goﬁfgf dethel L-ascSt SROYA LD GES, d@BEribed in terms
of exan’éﬁggam seE)é.EgEH_ fly dlteasaq_'st Iw@.‘il ugg agar alfc))/ %:Lnd a new

0Ssi §, orum di séase, "avian p
synthef oGj meHPd Yy qaﬂﬁlé’@t FYGE H?%?‘H‘@h‘s @%WF@&QEE%EFQH The
scope micbbt apraesdnt detvieotiiocandst het | 1del tfegt bowhs; reactions as
describebi Bastd ] osis., sal nonellosis, pasteurellosis,

[0097] yhermophi | osi s, atrophic rhinitis, exudative

|dern1t|s opl.a |nfect|on an

TR T R o B < B P RN Qo Bl G by PR agratucsd
by usztgﬁpth%eﬁfﬁlas oEpdosEds RATPARRR t [ Hn 0% ComPepREurdAl a, 2 and
quinolomst skels=tfaar coopeunBsebpresdnied Ay thepsod lowing formula
(18) : salnmonnella infection, henorrhagic septicenm a,

pyonetra, cystitis, and the |li ke for dogs; and
[0098] - o , > A

exudative pleurisy, cystitis, chronic rhinitis,
henmophil osis, kitten's diarrhea, nycoplasma infection,
and the like for cats. 15[0118] The
anti bacterial drug containing the conpound of the
present invention may be prepared by selecting a
dosage form appropriate for the adm nistration route,
and preparing the drug by a method commonly used in
the art for producing the selected 20 dosage form
Exenpl ary dosage forns for the anti bacterial drug
containing the conpound of the present invention as
its main ingredient include tablet, powder, granules,
capsul e, solution, syrup, elixir, and oil-base and
wat er - base suspension. In the case of an injection,
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20

be hydrated i nmedi ately before use. The contai ner may
be filled either with a single dose or nultiple doses.
In the case of a 30 solid preparation, the preparation
may contain a pharnmaceutically acceptable carrier with
t he compound (1), and exenpbary carries include
fillers, expanders, binders, disintegrants,
soluhilizers, wetting agents, and |ubricants. The
l'iquid preparation may be a solution, a suspension, an
emuPsion, or the |like which may contain 35 a

X @Wﬁg .agent or enulsifier as an additive. [0119]
Jn the case of1&)solid preparation, the preparation

X hay”contaln a pharmaceutical ly acceptable carrier with
t heTacti ve conmpound, and exenplary carriers include
fillers, binders, 40 disintegrants, solubilizers,

[00990et ti ng agents, and |ubricants. The 43 |iquid

whereipr &farat,i emdnayabe as sieftnesh ateveuspedskOnrepnesents

hydrod®ifl 3R, d9haldi@erndded-oM)i eh HBYcGont IBbz&bnSU&ﬁanﬂ? ng

represaegl%%t Oﬁeg%% fcﬁ.{ A A e gh&ke\f %QJm 4 (g) or
Fy pre Fons Yar 6 escrl rep ra |on
compo ﬁ e) Conpound of Exanpl e 9100 0 my Corn
(01008t arch23. 0 ny Car boxynet hl cel | ul ose

®Ral & fuMh22 gbingyl dddyakapanmet yhpelhd| @sad 10 figd are

7hydrog%%gﬁﬁ§huaksi9§5§ﬁ?%u%s%gtugﬁEabéﬁéb J2t3 Eg%é%hlnﬁ 2 | a boron

chelacel U R SRS LSRRI droh A0°00 B0 gr ek g >
dlachﬁéVaB??B@nz63FéefﬁbbePﬁ%b%%?ﬁ?%&?ﬁ%P@?lg @bf§MP§thron -

BF;), and preferable diacyloxy boron is diacetyloxy boron [-
B{OAc).], and these compounds can be produced by a known method.
[0101] '
The production method is described by using the compound of
Example 9 as an example.

[0102]
NH
%
Et,N, DMSO
0
F COOH
1) Et;N/EIOH-H,0 N -
2) HCI - %Q OMBX F
H.N  Me
[0103]

The target compound can be produced by dissolving the

quinolone skeleton compound in an appropriate solvent and reacting
Compound (8} or (17) for introducing the substituent at position 7
in the presence of a base with the quinolone skeleton compound.

The amino group of the compound for introducing the substituent at
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Total 100. 0 g 20[0122] Preparation 3 (Powder for aninal
feed) Conpound of Exanple 91 to 10 g Corn starch89.5
to 98.5 g Light anhydrous silicic acid 0.5 g
25Tot al 100. 0 g EXAVPLES [ 0123] Next, the
present invention is descr3bed in further detail 30 by
referring to Reference Exanpl es and Exanpl es whi ch by
no neans |limt the scope of the present invention.
[ 0124] [Reference Exanpl e 1] Et hyl
POsitigRT ARY) be. BEAFGAte Aiditet RYPHECH+6F | HiRe 3288 pgmPlary
protedigiee IBCDP25pthéN1ZGn tert-butylacsptatharylof(Boicyl include

benzyiﬁﬁjﬁéﬂﬂ@h&le§23u { Go Ak tGhox§0 PN BYDbYy@¥bonyl group, acetyl

group ,N' g§ gpﬁé%p n%tlje%ﬁl%xo%ogﬁégfi r%oﬁ.lﬁ y J.valﬁ%l group,
fc’mY eBZB %aEF’iRL}Fb IFGEHPYGY Lt TR0 &t §r38Pd
trlmetmsl Sadd'éd gaeup oomnd difserepyie dinathy bt 1vilet uEeemm]sary bases

includd idar®dneBeanhpdtodial aatbohBCef 0br 10y dxirisle Glican alkaline

metal '$AGH %@kﬁﬂﬁéf@am rr@t' ut.ed Ehéﬁ?ﬂbﬂnﬁ{eh)éhcﬁcﬁé ate
anélw %aturated

eriecranile) anfl ) 40 2l IBIIRRIEE A BT EREERL O,
contalrﬁ_l)ngaﬁatga%m% Y HqWEo Gé’mE@PH@? of Gt SodvErfiéRPort o
diazal(iz@€lobhdeasne drarel Mwitelhghhydevidirsndiand shef preferred
are trABLGN1ERAIRYENGEAdEdessteatiag egefihianfinkt r aIIieDBsolvent
used i é“%o%oké{?@ ke fi%%ﬁ!eéyag' ?:&h&;'a@é QN d‘é%@eﬁ %.‘lf
the repre:isu er g r%sg W%Pﬁf Ph&L y Si |ca

1€ TEFE-0Br Ui c?ﬁ?ﬁ%ﬁ Fa HY"RESE cHt ~ net hanol
dimethygformamide; dimeg: Fb‘léﬁifaiiﬁ 1831 D lgnsf. eraBenit¥ike,
ethancdonpduathps scamddgel tewrahydrdheraor,udadpNedeathyvas
pyrrol&%%ﬁe'naﬁ@etﬁébﬁﬁQ#FBEfé§§§&|QfeVHiﬂe&H%lfﬁﬁlhskide or
Sulfolgﬂglflcatlon [0127

[0104]
When the quinolcne skeleton compound is a boron chelate

compound, the target compound can be produced by cleaving the
boron substituent moiety by hydrolysis, and deprotecting the
protective group of the amino group. The hydrolysis of the boron
subsgstituent can be conducted under conditions commonly used in the
art, for example, by reacting with a base in an alcchol solvent
such as methanol and ethanol. The base is preferably triethylamine,
and the reaction is preferably conducted in an ice bath. The
deprotection is conducted under the conditions suitable for the
protective group used, for example, by treating the hydrolyzate
with concentrated hydrochloric acid. After the reaction, the
reaction solution is alkalized by adding an agqueous solution of
sodium hydroxide.

[0105]

Accordingly, the compounds represented by the following
formulae (19) and (20) are useful as an intermediate for producing
the compound (I} of the present invention.

[0108]
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1H NWMR (400 MHz, CDC13)5 ppm O0.96
Hz), 1.17 (311, s), 1.22 (3H t, J
(1H, t, J 8.8 Hz), 2.25 (1H, d, J = 9.
(1H, m, 2.91 (1H, t, J8.2 Hz), 3.28 (1H d
Hz), 3.53 (111, d, J = 13.538Hz), 3.64 (111, d, J =
13.2 Hz), 4.11 (211, q, J = 7.1 Hz), 7.19-7.38 (SH,
m. 25 M5 (ESI) mz: 262 (MrH)+. [0128] [ Reference
Exanpl e 2] Ethyl

3R*, 4R*) - 1- benzyl oxycar bony1- 3, 4- di net hyl pyrrol i di ne-
carboxylate 30[0129] [0130] To a solution
ofi.ethyl (3R, 4R*)-1-benzyl-3, 4-
nehHﬂIpyrroIidine-3-carboxy|ate (2.75 g, 10.0 nmol)
Nn 5{di chl oronet hane (30 nlL), benzyl chloroformate
15.0 I’) was added at roomtenperature,
amd t heRmi xture was stirred at roomtenperature for 6

J?HQ%; Benzyl chloroformate (2.14 m., 15.0 nml) was
ﬂ

E
LII\J
Io-

=

N

(0]

\l

2dded to the mixture, and the m xture was stirred
omtenperature for another 14 hours. The sol vent
was renoved by 10 distillation under reduced pressure,
[010Fhd the residue was purified by silica gel colum
chr orieet dpraphse( heXanepresenhd saaoabe coBpTising R as
defin@d lgbdvae QMQamagénGAt@m;ﬁadluimyltbeoapnrmmmuhdﬂigal to 6
carbol M on - &t 8RS1 o2t g— Og%@ %%%hﬁ%ﬁgtﬁ%p@raat 099 |atoms
or a %9}%%%1%5 1 h?ﬁ%él § g
%?gﬁﬁfdeﬁ&ve rg a¢t m1
dipepiside,] oxp & f@ﬂpePtl@e = the aﬂii‘)V 1 grgyp 2b%36n€( @FWW lY
subst BrWleB wiGh( EHsubF 113180 (s@1Btteddfrdm=tH® grdyp) coBsdBting
of hy&ﬁbﬁﬂ*gﬁ%upJ amiﬂoogfﬁﬁp ibgehlitohd, an &1dAtioBgBoup

contaigé % %1é%£b Z%ng 4a§k 6} fb&&'é%n%% ing 1
t ];QESP)‘:‘”WF} 2396 ﬁ\/l%o(': %61@2?]2?‘#&%‘? rg‘“tee a@%é’r?prqgl%]

. Rk r@p@e)enfssénsyp’é&wmngs t29 tAuimed) ekPBeny | a
{(hydrageno ptdmd - an251 iy rettoplpyonsbidine 1[04 33]cadEof0€toms, or
a cycﬂﬁﬂiﬁ%ﬂNgroup contailning 3 to 6 carbon atoms; the alkyl group
being optionally substituted with a substituent selected from the
group consisting of hydroxy group, amino group, halogen atom, an
alkylthio group containing 1 to 6 carbon atoms, and an alkoxy
group containing 1 to 6 carbon atoms) and the protective group of
the amino acid; and

R, R*, R®*, R®, and R’ are as defined above.

fo108]

Next, the protective group of the amino group represented by
R'* and R*! is described. The protective group is not particularly
limited as long the protective group is the one widely used in the -
art, and exemplary protective groups include alkoxycarbonyl groups
such as tartiary butixycarbonyl group, and 2,2,2-
trichloroethoxycarbonyl group; aralkyloxycarbonyl groups such as
benzyloxycarbonyl group, paramethoxybenzyloxycarbonyl group, and
paranitrcbenzyloxycarbonyl group; acyl groups such as acetyl group,
methoxyacetyl group, trifluorocacetyl group, chloroacetyl group,
pivaloyl group, formyl group, and benzoyl group; alkyl groups oxr
aralkyl groups such as tertiary butyl group, benzyl group,
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Me ;isMe J, ChbzCbz [0134] 46 To a solution of

et hyl (3R*,4R*)-1-benzyl oxycarbonyl- 3, 4-

di met hyl pyrroli di ne-3-carboxylate (1.63 g, 5.34 mmuol)

in ethanol (16 nmL), 1N aqueous solution of sodium

hydroxide (16.0 m .., 16.038nol) was added at room

tenperature, and the m xture was stirred 5 at room

tenperature for 3.5 hours. After concentrati ng the

sol vent under reducedr&gr ess dr ochlccl)ri c acid
paranxSiiial 65 tRe. RAREUNCSODAY FFUGP! GRS and ¢ he
triphepyingtthwlagrexps actherwi surhetasy Imegbetcm@tl(l% @¥aYe, The
tertiﬁfﬁ_tﬂ:ﬁﬂda@n@rtg@rmi grbay ercamsiddregywhhirl aghyas ousd 2,2, 2-
trlchf%éﬁﬂ %9 quﬁftﬁilﬂgﬁn%\‘ldvgrt Qfaﬁ;@y%fy Al tuted

ent vent was I
511y1 e aﬁ%ﬁfﬂ?@@ﬂ@@@% KA e R
group prigRfiicianyn bukE 1L eRat ey L sidiBogyre - abr dherfel tirliyde group,
and terodugt butnyliAéphenyloflsd eartmpxyl ic acid was used in
[c10d)he subsequent reaction with no further purification.
[01351 15To a solution of the thus obtained crude
product in the formof a carboxylic acid and
viethylamne (1.488 nL, 10.68 mmol) in toluene (30
), di p‘l(}enyl phosphoryl azide (1.495 m ., 6.94 mol)
a in an ice bath, and the m xture was stirred
R rom tenperature for 30 minutes, and further
tirfed in an o{2 dpth at 20 80C for 2 hours. The
cth\ong m xture was diluted by adding ethyl acetate
50 mR and the solution was washed with saturated
ueous sol ution of sodi um hydrogencarbonate (80 ni),
R'I watseg2 (80 nlL), and saturated aqueous sol ution of
sodifttim chl oride (80 nL) in this order. The resulting
rganic | ayer was dried with anhydrous 25 sodi um
[Ollogulfate and after renoving the dessicating agent by
finy that FoRMUlHR" S Of GRS PERSEEE1Vy TR |Ftattihenamino
group Under RFed@ced Rir eRSURE, tR® eiidaiRl @raides pleddmet Bhovée
ror1afform of isocyanate. The thus obtai ned crude product in

e e o T e
limit ?

ﬂagn% HIPNRELIVE PFEUPT bF HGHIE (R YoPPeBath the
art. BrempEBIYTIR OtesELNeng RPN raisle: gREery Farbenyh dEoups

such arsedamedapyeasw:@ca&mng&t gtoﬂpeomcbrﬁ,@alzl—y distilling
trlchlwbatﬁéﬁﬁ@%qb& ?%f,‘}’ hPg1EeBb L ggoly8dshdh as

1 C n 00,
e S PLERT, Wbt e N
Paranlﬁﬁﬁ FRZAHPFE TP WYt SFPYBat FFYHi GaPHiohat'ech za%sa‘"xftYl group,
methoxy8c88yhmatqup THe ifdactrpenehykt greumasidiorcpedt#l goo.

' pivaloy@npesap Ureodugfl Fridog! Sanantehhey s Qfreant; wakylegpyess or

ica r omat ogr aphy

Paranlﬁayg%v Gl Resenpstogyionsily B Al ) 1o
triphenylgetlayt amvsl;, e4herepsuchong withdremetivé gsaBBund
tertiaag hAutatpiddssd gueny, Sobtdahydropyranyl group, and 2,2,2-
trichloroethoxymethyl group; (alkyl and/or aralkyl)-substituted
gilyvl groups such as trimethylsilyl group, isopropyldimethylsilyl
group, tertiary butyldimethylsilyl group, tribenzylsilyl group,
and tertiary butyldiphenylsilyl group.

aralky?y %g@glé@d&% L&%@%&as;» dy&@ﬁ %ﬁﬁ%r%enz Leshgue
3y
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[0136] 1H NWMR (400 MHz, CDC13)5 ppm 0.94-0.98 (3H,

m, 1.24-1.26 (3H, n), 51.42-1.44 (911, m), 2.44-2.62

(111, m, 2.99-3.05 (1H, m, 3.63-3.70 (311, m,

4.54-4.56 (111, m, 5.08-5.17 (2H, m, 7.28-7.37 (511,

m. M5 (ESI) mz: 371 (MtNae. [0137] [Reference

Exanple 4] 10

(+)-(3R*, 4S*) - 1- Benzyl oxycar bonyl- 3-(tert-but oxycarbon

yl ami no)- 3, 4-di net hyl,pyrrgliding,and .

(v\ﬂ}e_rt W?48h?!11§‘6%r&§/|5’oxyc}%\r b%ﬂ?flri 3.are protective groups,
the agtual pyeterydue bonytea shwuldl bedchesery| pyratols dionbe
deternitted aReBraifgNPOULite Mfnowliedge of the present field of the

art té%%’s%g&tlvngyé@yé@rﬁo%%' %irnthesis of compound 19 or

20 tert-butoxycarbonyl am no) - 3, 4- di net hyl pyrrol i di ne
; 351/; 10 g, 3.16 15 nmml) produced in Reference Exanple 3
[0113§gs optically resolved by using an optically active

citieu rihvug Chtr RALERAK AdpcidnidEaampke 2bGhws kéxang
ant 1bd&ARARY Lol 60hplas IR1T; ol eWebali Bnt 25 4R bﬁ'd*
pharme{)c%%&lrﬁlé‘i:ligg’ a%ow{?l %e% ewl&)egﬁzofggﬁd%g Tl(éf-s)t' (E‘i pg}gi) é%'

enzyl oxycar bonyl- 3-{tert-pugoxycar n)é am no) -3, 4- 20
presenfiets PRy Py FEIFHIRS S( SOBPARAA 1945 SYRGHA Bt BRUY X | me
crystallpgraphvhuelesolyts kIzSigurasgon g thQ ppaL, of the
asymmetifier ehepbod ) ainsb{+t)ion 7 (the site of the amino group
subst {3 of P br 15 Denzyd axyeanhaaylade (4 oFf - waar hogy! amnig

1) T8 gl el IV Yol Edie 1532 i 453 Bl e
contizfete kPFHNCPT nF S e g S CRIPRY JE]iSI - PRE 18 gt =
kaafﬁﬂaél fPpsolute
confignzpE3, 4%¢) - 3- Ani no- 3, 4-di net hyl pyrrolidin-I-yl]-6-fl
(o11aworo-1[ (IR 2S)-2-fluorocycl opropyl]-8-nethoxy-1, 4-di hy
Q- 4- ' I ne- I G L 9 40
‘ %féﬂcé th@x%&ﬂcﬂg%ﬂl.%?i gﬁga?@éé{ﬁé G Afeind 1 300 B139%+ £ 8140
A bag P ARG iy SO EaPBERyAS 5 (4P SGFoRYEER bony
animalEanphe) £ 3l- ditetehyl pYererTarhee (A0 GIFgcuitupsl nepenicals
and foodsnettianalypi2elntipseast addedd@updl badtlummardrort
invent§ahalish J(ﬂ\/!is\/\@is%rd %@Ubeﬂhmaﬁ_b@ﬂig S@s0l4d 88) 1 @nthnd
more p&'gfel?%é ) P rt]nljl\@?: gbgrﬁgﬂ?érlﬁiﬁgéfgrogﬁﬂlﬂt. n%g}lert%eat
roomt enperat ure for S. r renovin ne
compoups BF 1S Gy ISAERE A8n2ITHEL SEPRH UGS PERILd Ty dose
is typdraliy|htiorrauRdér ngedanddupresgipferaglybbang &p ubd mg
per daprpducikg (vEighry ofquast khabhaVejlidfough the dose wmay vary
accordi 3R t4 Fhe FilL - BUEOXN Sad POKY IMARLt3a4- type of the
pathog%%%&r&j&{c%npgﬂzlrg%%@?ggﬁéi %eergf t?e[,_ljleessss SFUHY 583!'1&91::1.01:1. Such
daily fape may e admipd sharedytarbotiidf Agpe or in 2 to 4
divide@, degkset Bl pyresdidli ner clasde epredding (S1gh g)ily dose may
be admbnisehfddloro-| - : _
[01141 (1R, 25) - 2-fl uorocyclopropyl]-8-net hoxy-1, 4-di hydr o- 4-

The compound of the present invention has excellent
antibacterial activity for a broad range of microorganisms causing
various infections, and therefore, the present compound is capable
of treating, preventing, or ameliorating the diseases caused by
such pathogenic microorganisms. The compound of the present
invention is effective for bacteria and the bacteria-like
microorganisms including Staphylococcus, Streptococcus pyogenes,

hemolytic streptococcus, enterccoccus, pneumococcus,
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oxoqui nol i ne- 3-carboxylic acid - difluoroboron conpl ex
(461 ng, 15 1.277 mmol), and triethylamne (0.534 nL,
3.83 nmmol) were dissolved in dinmethyl sulf oxide (4
m.), and the m xture was stirred in an oil bath at 35C
for 18 hours. To this reac#ilon m xture were added a

m xed sol ution of ethanol and water (ethanol : water =
4:1) (20 nmL) and triethylamne (2 nL), and the 20

m xture was heated under ref lux in an oil bath at

PeptogBreP o T WoulNelsapr bt IUHEEOeaer nEStRertdu@ icod 1.
Citrobagter.e Sriderl lrediéedspr Ess preumondaeeskmiimralester,

Serraﬂi@,soﬁ?ﬁﬁ;dsdw @bbﬁ&oﬂ&e«%@t@z(ub&@zo@b) fg@&ﬁoﬂﬁj@ i‘ﬁifttl(f]gxazae,
r er
reine PARECEPOIERS Bl RBi Ty St
[011%h ori de (80 nL). The 25 organic |ayer was drled Mﬁth

aey diees sssdraws edi| Fvatsalchy pd thRgeBbE VEMraRggans Avg ed
includy glipgtrifliicatiloseconipiry ddifeed ipnessutie. asliplldehdieis,

furund@s, H59RIvad, | B EQD&@I‘&H Ateth draeh! abingnagd L0 whitlow,

subep{gérﬂél %scg draqué%lgq%ﬁgﬁe ?fiéﬂgf%q a%fegefaus

enperat ure e reac
atherqpagh S§THAPRL cﬁ%ﬁ’%if%r M3E3G CAe - x 288 BJIurHy ﬁﬁ‘é’naaﬂgous
operat igjre wowasgsaddedoridr o It eagievasof ol anyngepbi ryodi ths .

acute Wrdmexides| Nntéfsi Ce tiad, h cheoadp Ustoddiei il ,t OrddcRicafdkis,
dlffuéeﬁgja%% Bhbﬁﬁ.‘o!\@éldé urtdaer @h%t EQSLB& b ﬁl\yeéges,

ution en extr,

ric
preunqhiz 5 %?%aplalaﬁhﬁfom&?leﬁﬁcww o thdAopI e,
gonoryhaailo %ﬁéhﬁ?l%t%ﬁﬂnw%?ﬂ M%hmt%‘ 2Fho3scypeitis,
cholargrigdsi, cshagel lowiss drengd it b, aadiyeriouiss sddicreusatiae e,
infectdkeh,t BErsRbYEMt MBS vieppyed: by, dhStddd1dd, 0RakRg8Eystitis,

meiboni80Y¢€d ptgf'ﬁé’a[le u @é‘?: rﬁ?tHQES éé‘@ftzgé” i Jied by

StalliZzation from ano

he stals were
periodgitad LRGLITIEAICE FRELSHTERE bLobua FHAAFTRF Lo
peritondipsunandoearR (i 80BN, 6394104518, itk Sk gwfections.
[o11epowder. 40[01421 49 np: 20 0-203C. [din25. 1 = +213.7
6=cGud0da QNG st 1409, g2 018010k B00NR zor

ccia BT R {a%m?a ol ot Gl oy
tuberqgﬁzflsg My goag iy @@q Mﬁ)a ﬁl@aﬂ% +¢nqﬂﬂtyplggi(qxgo terla
(M. kajsasd®, IM. Imdridnum, 7M. 64cfeFlagedn.= M4 agikpn) M8, 47
intracelfulaye, Brenenicaty smakystaitat, GhOBL23hE20Bad) . The
mycobaé%é%@al fﬁ%é&ﬂﬁﬂﬂ%dca§%e§5b 95uéﬁf§%ﬂﬁageﬁnc mZéro3$ganlsms
are d1v1ged 1n r“%hree %gtggbrlés og tubérculosis, agyplcal
mycobacteriosis, and leprosy. Mycobacterial infections affect not
only the lung but also thoracic cavity, trachea and bronchus,
lymph ncodes, by systemic dissemination, joints and bones, meninges
and brain, digestive organs {(intestine and liver), skin, mammary
gland, eyes, auris media and throat, urinary tract, male genitalia,
and female genitalia. The main organ affected by the atypical
mycobacteriosis (non-tuberculous mycobactericsis) is lung. The
atypical mycobacteriosis, however, also affects by topical
lymphadenitis, skin soft tissues, bones and joints, and by
gsystemic¢ dissemination.

[0117]
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10 M5 (RAE) mz: 408 (MrH) +. IR (ATR): 2974, 2935,

2879, 1722, 1614, 1572, 1537, 1502, 1456, 1390, 1356,

1323, 1271, 1207 cm 1. [0143] [Exanple 21 15

7-[ (3R*,4S*) - 3- Ami no- 3, 4-di net hylpyrrolidin-1-y1l]-6-f1

uor o- 1- 42

[ (1R, 2S) - 2-f 1uor ocyclopropyl] - 8- met hoxy- 1, 4-di hydr o- 4-

oxoqui noli ne- 3-carboxylic acid [0144] 20 [0145]

B'f/ us(oﬂg\;%l 4 &ggr Ogedl’ll.lé %rsélsgnltagn%gn%ggp}.s also effective for
Varimb% ﬁfzasﬂr@wganbémsy le@aingr enpaedx yode ok musd) a8, 4-
Eschefll dreidd)y oy mbak i Ui Nepd{ ARG @]l a]l. B4 Smopil)usiasocderel i £d

St ph}i% cus and myco lasma E%Fm la dlseases 1nclu
carpon

corod gl Sl St Ul etleer DL Al deho ot UL v,
1nfecqﬁqﬂﬁJ@gaﬁﬁge@eaﬁﬁqux&qpﬁc0051s mycoplasma 1nfectlon, and
the 1igker-fthy |Georle 1epl 1Ra2b) 1 ifd .uorsadychnepiopyd] - Basiehhmiyosis,
hemophi@d%lsd|aﬂgé fe xgauicael, | Beudatardapildetmitid, -mycoplasma
infec .. gﬁ&ogﬂ%5 160 rggreéé%éistggﬁb&%%%sqg) l )saﬁ.f?lgf&%jd%&s
hemor gécyéngBW%‘BWeﬁ“yﬁo@ BF= oL 4951 Fhp el SR pPagEngiia, and
mastitlipg £3r( gows 0. BgxherdchNaNaCH) sepsiH NwRWwooelie  onfiggtion,
hemorxﬂd&@ﬁ)):Ssaﬁmderﬁ)ﬂ( Shydmedrs, 6«::1{591]:']21):1}@1. Bhd 3He 3lke for dogs;
and ex%d%%i%e4ﬂléﬂ$isy, cystitis, chronic rhinitis, hemophilosis,
kitten’s diarrhea, mycoplasma infection, and the like for cats.
[0118] :
The antibacterial drug containing the compound of the
present invention may be prepared by selecting a dosage form
appropriate for the administration route, and preparing the drug
by a method commonly used in the art for producing the selected
dosage form. Exemplary dosage forms for the antibacterial drug

_containing the compound of the present invention as its main

ingredient include tablet, powder, granuleg, capsule, solution,
syrup, elixir, and oil-base and watexr-base suspension. In the case
of an injection,- the preparation may contain a stabilizer, an
antiseptic, a solubilizer, and the 1like and the preparation
optionally supplemented with such additives may be filled in a
container, and then freeze dried to produce a solid preparation to
be hydrated immediately before use. The container may be filled
either with a single dose or multiple doses. In the case of a
solid preparation, the preparation may contain a pharmaceutically
acceptable carrier with the compound (1), and exemplary carries
include fillers, expanders, binders, disintegrants, solubilizers,
wetting agents, and lubricants. The liquid preparation may be a
solution, a suspension, an emulsion, or the like which may contain
a suscpending agent or emulsifier as an additive.

{0119]

In the case of a solid preparation, the preparation may
contain a pharmaceutically acceptable carrier with the active
compound, and exemplary carriers include fillers, binders,
digintegrants, solubilizers, wetting agents, and lubricants. The
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m, 1.49-1.59 (1H, m), 2.09 (1H m),3.39- 3.57 (6H,
m,3.71 (1H, m), 3.97-4.02 (1H, m), 5.00 (1H, dm J =
63.7 Hz), 7.63(111, d, J = 14.6 Hz), 8.39

43

licquid preparation may be a solution, a suspension, an emulsion,
or the like which may contain a suspending agent or emulsifier as
an additive.

[0120]
Next, exemplary preparations are described.

Preparation 1 (Capsule)

Compounnd of Example 9 100.0 mg:
Corn starch 23.0 mg
Carboxymethlcellulose.calcium 22.5 mg
Hydroxymethylcellulose 3.0 mg
Magnegium stearate 1.5 mg
Total 150.0 mg

[0121]

Preparation 2 (Solution)

Compound of Example & 1 to 10 g
Acetic acid or sodium hydroxide 0.5 to 2 g
Ethyl paraoxybenzoate 0.1 g
Purifisd watex 87.9 to 98.4 g
Total . 100.0 g

[0122]

Preparation 3 (Powder for animal feed)
Compound of Example 9 1 to 10 g
Corn starch 89.5 to 98. 5 g
Light anhydrousg giligic acid 0.5 g
Total 100.0 g
EXAMPLES
01231

Next, the present invention is degcribed in further detail
by referring to Reference Examples and Examples which by no means
limit the scope of the present invention.
{0124]

[Reference Example 1]

Ethyl (3R*,4R*)-l-benzyl-3,4-dimethylpyrrolidine-3-carboxylate
[0125]
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(1H, d, J =2.4 Hz). 5 Elementary analysis for
C201123F2N304*0. 75H20: Cal cul ated: C, 57.07; H, 5.87;
F, 9.03; N, 9.98. Found: C, 57.30; H 5.90; F, 9.13;
N, 9.92. M5 (FAB) mfz: 408 (M+H)*. IR (ATR)
2962, 2873, 1724, 1616, 15Mx 1435, 1362, 1321, 1271
.cm 101. [0147] [Reference Exanple 5] Met hyl
(3R*, 45*) - 1- benzyl- 3, 4-di net hyl pyrrol i di ne- 3-car boxyl a
te [0148] 15 Me COOMe Me MeOOO Me)", [0149] The
procedure of %=renc§ Exanpl e 1 was repeated by using
met hyl angel at,8 (1. 01°ni, 100.0 rmmol) and
I\I-bm’aatl-l\l-(n-bly{eo y Y0 nethyl)-N-trimethylsilyl

Chyl am-re—$36. 0 gn“128.9 mmol ) to obtain 12.28 g of

Met heMerude title conmpound as a yellow oil. The thus,
obt ai ned crude produc s used in the subsequent
reaction with no furt purification.

[0126]

To a solution of tiglic acid ethyl ester (6.41 g, 50.0 mmol)
and N-benzyl-N-(methoxy-methyl)-N-trimethylsilyl methylamine
(15.35 g, 60.0 mmol) in dichloromethane (150 mL}, a catalytic
amount of trifluorcacetic acid was added at room temperature, and
the mixture was stirred in an oil bath at 40°C for 10 hours. The
reaction mixture was diluted by adding ethyl acetate (500 wmL), and
the solution was washed with saturated aqueous solution of sodium
hydrogencarbonate (200 mL)} and saturated agqueous solution of
sodium chloride (200 mL), and dried with anhydrous sodium sulfate.
After removing the dessicating agent by filtration, the solvent
was removed by distillation under reduced pressure. The resulting
residue was purified by gilica gel column chromatography
(chloroform : methanol, 49:1 — 19:1 — 9:1) to obtain 13.73 g of
crude title compound as a pale yellow oil. The crude preoduct was
used in the subsequent reaction with no further purificatiomn.

[0127]
'H-NMR (400 MHz, CDCl;)3 ppm: 0.96 (3H, d, J = 7

.1 Hz), 1.17 (3H, &), 1.22 (3H, £, J=7.1 Hz), 2.16 (1H, t, J =
8.8 Hz), 2.25 (1H, 4, J = 9.6 Hz), 2.61-2.67 (1H, m), 2.91 (iH, ¢,
J = 8.2 Hz), 3.28 (1H, 4, J = 10.0 Hz), 3.53 {(1H, d, J = 13.5 Hz),
3.64 (1H, d, J = 13.2 Hz), 4.11 (2H, g, J = 7.1 Hz), 7.19-7.38 (bH,
m) .
MS (ESI) m/z: 262 (M+H)".

[01281

[Reference Example 2]
Ethyl (3R*,4R*)-l-benzyloxycarbonyl-3,4-dimethylpyrrolidine-3-
carboxylate'

[0129]
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M5 (ESI) mz: 248(MtH) +. 25[ 0150] [ Reference Exanple
63 Met hyl
(3R*, 45*) - 1- benzyl oxycar bony1- 3, 4-di et hyl pyrrol i di ne-
- 3- carboxylate [0151] 30 [0152] The
procedure of Reference Example 2 was repeated by using
the thus synthesized nethyl (3R*,48*)-1-benzyl-3,4- 5
di met hyl pyrroli di ne- 3-carboxyl ate crude product (12.28
g) and benzyl chloroformate (21.3 ni, 149.3 mmol) to
Etonigt ai Med. 23 ¢ (14aﬁﬁbrnnMe 2 steps, 15% of the title
Meotpaund as a col omée@ss{ oi | . [0153] 1H NVR (400 MHz,
5 ppm_0.94 (1. f, d, J =6.8 Hz), 0.96
'51-i, d, 3 =6.7 %), 1.30 (1.51-1, s), 1.31
~ 2.14 (1H, fP? 3.16-3.28 (211, m, 3.64-3.71
3.92 (1H, dd, J = 14.6, 11.5 Hz), 5.16 (2H,
: 7.37 (511, m. M5 (ESI) mz: 292 (MH) +.
[013¢p154] 15 [ Reference Exanple 7]

(B gs%&)ut&gﬁeefyé é@@g%@ ﬁtss.ﬁzwlpwcar bonyl am
dlmetmﬁﬁ%%g Eb tﬁ%rg Aéel e75[015§$ gh NEBOC
dichloromethane (30 mL), benzyl chloroformate (2.14 mL, 15.0 mmol)
was added at room temperature, and the mixture was stirred at room
temperature for 6 hours. Benzyl chloroformate (2.14 mL, 15.0 mmol)
was also added to the mixture, and the mixture was stirred at room
temperature for another 14 hours. The solvent was removed by
distillation under reduced pressure, and the residue was purified
by gilica gel column chromatography (hexane : ethyl acetate, 2:1 —
4:1 = 2:1) to obtain 1.64 g of the title compound (5.37 mmel, 2
steps, 54%) as a colorless transparent oil.

(0131}

IH-NMR (400 MHz, CDCl:)8 ppm: ©.99 (1.5H, 4, J

= 7.1 Hz), 1.02 {(1.5H, 4, J = 7.1 Hz), 1.18 (3H, =), 1.26 (3H, t,
J = 7.1 Hz}, 2.57-2.66 (1H, m), 3.01-3.10 {(1H, m), 3.32 (0.5H, 4,
J = 10.7 Hz), 3.45 (0.5H, d, J = 11.0 Hz), 3.66 {1H, td, J = 11.0,
8.0 Hz), 3.77 (1H, dd, J = 10.9, 4.8 Hz), 4.11-4.19 {2H, m}, 5.09-
5.17 (2H, m), 7.26-7.38 (5H, m).
MS (ESI) m/z: 306 (M+H)"'.

[0132]

[Reference Example 3]

(3R*,458*) -1-Benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -3,4-

dimethylpyrrolidine
[0133]
H
"Et00C, M Boc—N  Me
Mend— Me m%—i
N — N

Cbz : Chz

{0134]
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[ 0156] To a solution of nethyl

(3R*, 4S*) - 1- benzyl oxycar bonyl- 3, 4-

di met hyl pyrroli di ne-3-carboxylate (4.23 g, 14.52 nmol)

in nmethanol (88 nlL), 1N aqueous sol ution of sodium

hydroxi de (44.0 nlL, 44.0 2Bé6mmvol ) was added at room

tenperature, and the m xture was stirred at room

tenperature for 5 hours, and in an oil bath at 50C for

anot her 19 hours. To the m xture was added sodi um

hiRirdadattden7ad gthvi BRndR}) -anBSRRY XOFoaTreYasd - 4 -
dimethy Koy stalridetel-A - aarboty eteh (@t. 680€, f 6r348 dmmir)s inAktbanol
(16 mEPNCANtdAldng EBEuSfbY &It JéaEem hgvdg@ﬁﬁdé%o(w RS TS, €26.0

mmol) C\%E ea{ytc{ ﬁ %‘E Q‘Xgﬁlogg%e@%faﬁh& | damsaﬁgdrﬁ EL&E!: l?n%s stﬁrred

entra I catl on,

at rO%H‘rﬁWRﬂme BOT o%t T AWE -wi PRE®Y HANCEREERE én‘ésb%e Solvent
under mgducke presglure ngllﬁ)rrg:ai”ﬁqt;ﬂlayerz Yasdavaedrdsechto the
mixtud il eus asedapi sw) fai®e thandikbardesss catimgragentith
ethyl V?(?Etr V@.@Obéﬁbfl ! t’Irh%t 'rggula-bﬁ S@J!'élaﬁmc ‘ﬂ.@. e&eaggeﬁjrfaﬁ with
hyd Lo E? (o cgra%?: esgre { 050D daes %1 agent
anty %?%Fdes 638%8{1 i ‘?h 6F SSROTAPDOAA i€ o5 8 e
by £ilghatd B o&hEt SPHVee Wast rﬁeﬁfp"édcﬁlr’b%k%‘ﬂﬁ]claéépa wiszder
reduceads gdrdsmutrke to ubisiejie rirudeaptrodnewd i tiee figrmhef carboxylic
acid. puhkf beald Ofod 5 4h Iﬂeaf§ﬁrh ub# qn d?a.frbto??llibuécs.d Vslras used
u o) oxylic
in thd @Lgﬂs%ggletﬁgl g(g%@ﬁ! QG bRy n%eﬁg;é&glﬁf %)a%%n y
quene (70 nL), diphenyl phosphoryl azide (4.06 ni,

ﬁ@ 848@%#}0%@1‘ ddedhug ghtpéeedaetide Rroghet niRt e form
of a aEadcsfilitedcdd awdmdietpelabnine {orads hayrs0.aadmnol Bnin
toluerfd | 3*@a¥nh)at a S e Pip RN thB@grllaBQaé (Tadsherheat ed anech )
was a q‘e' [8dy g&% ! Xt ‘é’a%u%?dgg vSa?s[ fs tﬂr? §U5¥ zoom

ohol {1 11%6%) € M xrure was h
tempenature, iOFn3%\rf“3cﬂ“rt9(§'at ﬁ‘ngt TEEEGFo?tW%&PSanaﬂal Ii’i%th at
80°C fpeaethomrsn xTheersmst idiemictholkedwhe dbbmddeimerdding. ethyl
acetatAf t(@sor aOPYi Agh the seivenbnbyadi Bishdatiah waderated

aqueouse@%ciﬁglgﬁe§§ %&dllﬁdﬁﬁyﬁ%ébgﬂéam&éﬁ ' f8|OeQIL?y §é{:éf 80
iy, 98 et LR S0ty (et ety acet g O
this ogfgr. kg éﬁ?ﬂﬂw YIS t]15t3’Teé-” &BfpaEREd a‘%”'ah ydrous

sodiurcehdfhiess gnimaftsal rdmof0i§8ths Ide MR A(E40G Miknt by
£11tra€ide] 3t he pRilvéhtO Uaclrbioved ]Q37 Pi d)1.1a1i0h (Undell reduced

pressu‘l‘e tz éﬂéﬂﬁn élru%% éguéil:z O 5H fd&np%leggcff t@%’ ST%')le
chue oBFlyada grudd progiy) Tathe o 41 fPocypnaegias
dissolygdsin 1 dé-Jioxape zlﬁlzylL) 4. g (BT 2dding 6N111Y<@)mﬁ310r10
acid (4548L{ lHhdmedxture09ab. 47if24d ,fog ,1 hod- iF. 87 $¢bHllhath at
50°c. Mre MBaCEPLX M§Eug§3va(§wéoﬁ%ntrated under reduced pressure,
and after azeotropically distilling with ethanol (5 times), the
residue was dissolved in dichloromethane (30 mL), and te this
solution at room temperature was added triethylamine (3.72 mL,
26.69 mmol}, and then di-tert-butyl dicarbonate (2.33 g, 10.68
mmol) . The reaction mixture was stirred at room temperature for 3
hours, and the soclvent was removed by distillation under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane : ethyl acetate, 9:1 — 4:1) to obtain 1.10
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30[ 0158] [ Reference Exanpl e 8]
(+)-(3R*, 4R*) - 1- Eenzyl oxycar bony1- 3- (tert - but oxycar bon
yl am no)- 3, 4-di net hyl pyrrolidi ne and
(-)-(3R*, 4R*) - 1- benz | oxycarbon 1- 3-
(tert-but oxycarbonyl am no) 43, 4- di net hyl pyrrolidi ne
35[0160] The racem c conpound of
(3R*, 4R*) - 1- benzyl oxycar bony1- 3-
t ert - but oxycar bonyl am no%'}éé, 4- di met hyl pyrrolidine
g (3-%{‘2@‘519,4 FUHEPSMEPY ) pPbd il eRECEPEHRE Eahpfilorless
gummywaslo@tically resolved in an optically active
ro136épl um (CH RALPAK AS, 20 mm diam x 250 nm 40 hexane
1 -1 sapr.opyl al.cohol . 95:5; fl a 2 / mi, nut g;

- o S0P ABIR GRCTSNT ppnc, B by Ot Gty 19 LB Gom, ),
1.421#4(@%{,’ 4%,) 2¢44-2762 (1H, ™), 2.99-3.05 (1H, m), 3.63-3.70
(3H, wenzyl Dycdthdail- 8) ( t Bre8 ok y@ah bhy| And$0)-3F, 45H, m) .
MS (mdimehhyd pgrookmdiae .(468 ng, 1.34 mmol, retention tine

(o127 9.0 mnutes, [a]D25.1 = +10.3 (c = 0. 165,

chl or af.orm.) d N- 5

[Refe IR %a)rq@f-ebgﬂzyl oxycar bonyl- 3-(tert-but oxycarhonyl am
(+) - (35495 )41 -BeREy ROKBCAFRATYH e (E5gE -Rytotysarhapylanmino) -
3,4-dimgientlironrrolagdine 14nd i nulsds,, 454]) B25bdnzy IXyrafbonyl-3 -
(tert OodtfeyitoRngf ofiihe ) - 3 Olbkndtbyapplreo8] d ikl

71:)1{r<=.g cefRe) odmpOhA® ok A H+TaRY IRVELRL Y T Rrckpohy 8- bl

(tert (R ERrDopy IARERILT bt SHASE LY REERBR Y- i g fo- 3:16
mmol) PHaes ilneRefenepex HiaanrdE ¢ [esegpticably mepedyed by
using Byn ugitrigrad lgr acethm ecslivmd JICHIBAERARPAR, 120 mm diam. x 250
Wk ; hezdarre f!R*i’sﬂ)B’w}bp}l alcc%hol, 95:t5,- flow ratcla, 25 n'l)L/énizlute;

. ycar yl-3- (tert- xycar bony nQ).- 3, 4-
resouﬁﬁ@’rﬁlﬁgﬁlgrgg?dﬁé g4?6 ol&fdc g%g E‘%I )‘Pév\?a)sqconverted
benzy]tcacyf-@ o) ¥rl-3- {tert-butoxycarbonylamino) <3, 4-
dimethydRyraRiNEAnet €928 bug oxy-Car boryl anehent Borg-tdimeeEh ¥R p§r
minutdd! i[@]mescrude+produet =( 2806 1D, cH1SBrgmm), a8d% ~) and
(3R*, 438 -ﬁf—?ﬁﬂ%?l&?aé%ﬁd W (?:Qrt-butoxycarbonﬁlamino) -3,4-

. - (i - 2- ocycl opro
aimetfabyrbn R8s ML RO 2o IHBID YELORLOM D - 1540
minuted:f |[gdPEBoton Ttonpl € 49917y, ALhBPLAHI) -to obtain

[0138370 ng (0.834 25 mmol, 68% of the title conpound as a

[ExampMei tig¢ powder .
7-[{3R*,48%) -3~-Amino-3, 4-dimethyvlpvrrolidin-1-v1}-6-fluoro-1-

[{1R,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-

oxoguinoline-3-carboxylic acid

[0139]
0
F COOBF
T i
H F COCH
Boc—N  Me Boc-N Me F | .
Me 3 Me 3 OMe F
. Me N
N N - OMe A F
v Cbz - H Me NH,

103140]
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[0164] np: 175-179C. [ah,23'8 = -107.1 (c = 0. 240,

0. 1IN NaOH). 1H NWR (400 MHz, 0. 1N NaOD)8 ppm 1.00
(311, d, J =6.8 Hz), 1.25 30 (3H, s), 1.31-1.43 (111,
m, 1.48-1.59 (1H, m, 2.03-2.13 (111, m), 3.41 (1H
dd, J = 10.5, 1.7 Hz), 3.4@&&.52 (4H m, 3.62-3.70
(2H, m, 3.99 (1H, dt, J = 10.2, 4.5 Hz), 5.01 (111,
ddd, J = 63.8, 87 55Hz) 763(14 d, J = 14.6

8.39 (111, 54 Elenentary

Hz) ,

aﬁﬁl?S?%lW%ﬁOQIﬂﬁiz3¢2N@Bﬂ ?ﬁ& 11§ﬁﬂﬁmlﬁﬁgﬁarb9nzﬁr%r7tert-
butoxbica®bddyldmi®)5s, dNdibed Bylppumnol id3neb4440; mfd, 5.481§ mmol)
in mekhaBo®3(2Nmd. ks M@d@5|10%” Bal ¥ drMeh rboa! Baf AL (M;

vator2 Y0 A s gBS ek 120y OIS o Lhe 1910l wddUeirroa
in hY?fﬁ%%ﬁ*aW%Pf@r&naﬁorQOE b rfar.g Revisy 1 plaer

removingr bhe -catiglyst by flltratlon, the solvent was removed by
distil{ARi@0) vAdklkupeaayed oprapyite §omebbaxy - drdidigypdinetd(314
g. qAXROYLDOIJdeuF GaRROXKL C3 apid - MHRCkycarbonylamino) -3, 4~
dlmethylpyrrolldlne as a colorless gummy solid.
[0141]

The thus cbtained (3R*,48%*)-3- (tert-butoxycarbonylamino) -
3,4—dimethylpyrrolidine'crude product (314 mg), 6.,7-difluvoro-1-
[{1R,28) -2-fluorocyclopropyl] -8-methoxy-1, 4-dihydro-4-
oxoquinoeline-3-carboxylic acid - difluorcobhoron complex (461 mg,
1.277 mmol), and triethylamine (0.534 mL, 3.83 mmol) were
dissolved in dimethyl sulfoxide (4 mL), and the mixture was
stirred in an o0il bath at 35°C for 18 hours. To this reaction
mixture were added a mixed solution of ethanol and water
(ethanol : water = 4:1) (20 mL) and triethylamine (2 mL), and the
mixture was heated under reflux in an oil bath at 100°C for 2 hours.
After concentrating the reacticn mixture under reduced pressure,
the residue was dissolved in ethyl acetate (150 mL), and washed
with 10% agquecus solution of citric acid (80 mlL), water (80 mlL x
2), and saturated aqueous solution of sodium chloride (80 mL). The
organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The
residue was dissolved in concentrated hydrochloric acid (20 wmL} in
an ice bath, and selution was stirred at room temperature for 10
minutes. The reaction mixture was washed with chloroform {30 mL x
3). To the agueous layer was added 10 mol/l agueous solution of
sodium hydroxide in an ice bath to adjust the pH to 12.0, and the
solution was further adjusted to pH 7.4 with hydrochloric acid.
The solution was then extracted with a mixed solution of
chloroform and methanol {chloroform : methanol = 9:1) (150 mbL x 2).
The organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The
residue was purified by recrystallization from ethanol, and the
crystals were dried under reduced pressure to obtain the title
compound 328 mg (0.805 mmol, 63%} as a pale yellow powder.

[0142]



035-.2(H).6(Hd 05.z,401,m48-.2(H).4(1,d 46H).8(H
55 Found: C, 56.72; H 6.26; F, 8.44; N, 9.30. M
(El') mz: 407 (te). IR (ATR): 2964, 2870, 2833, 1726,
1616, 1577, 1537, 1495, 1456, 1392, 1358, 1298, 1265,
1203 cm 1. 5[0169] [Referem® Exanple 9] Methyl
(3R*, 4R*) - 1- benzyl- 4- et hyl- 3- net hyl pyrrol i di ne- 3-
carboxylate [0170] 10
mp: 200-203°C,
[ap®® ! = +213.7° (¢ = 0.204, 0.1N NaOH).
'H-NMR (400 MHz, 0.1N NaOD)§ ppm: 1.00 (3H, d, J = 6.6 Hz), 1.12
(3H, s8), 1.55-1.70 (2H, m}, 2.07 (1H, m), 3.39 (1H, 4, J = 10.0
5 Hz), 3.48-3.69 (6H, m), 4.04 (1H, m), 4.93 {(1H, 4d, J = 39.1, 1.5
Hz}, 7.64 (1H, 4, J = 14.6 Hz}, 8.47 (1H, 8).
Elementary analysis for CpHz3FaoN304'1.5H,0:
Calculated: (C, 55.29; H, 6.03; F, B.75; N, 2.67.
Found: C, 55.55; H, 6.03; F, 8.45; N, 9.56.
10 MS (FAB) m/=z: 408 (M+H)".
IR {(ATR): 2974, 2935, 287%, 1722, 1614, 1572, 1537, 1502, 1456,
1390, 1356, 1323, 1271, 1207 cm™t.
{0143]
[Example 2]
15 7-[{3R#%¥,48%}-3-Amino~3,4-dimethylpyrrolidin-1-vl]-6-fluoro-1-
[ (1R, 28)-2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
- oxoguinoline-3-carboxylic acid
[0144]

o)
F COOBF,

|
F COCH
Boc—-n Me Boc—-ﬁ Me F f
Me { Mew 3 OMe F

N 2%;5 . = MEhﬁg;}l OM%EL’F

Chbz o . Me NH, .

20
[0145]

By using a procedure similar to Example 1, (-)-(3R*¥,48%*)-1-
benzyloxycarbonyl-3- (tert-butoxycearbonylamino) -3, 4-
dimethylpvrrolidine (480 mg, 1.378 mmol} was converted to

25 (3R*,45%) -3~ (tert-butoxycarbonylamino) -3, 4-dimethylpyrrolidine
crude product (311 mg, quantitative), and the product was reacted
with 6,7-difluoro-1-{(1R,28) -2-fluorocyclopropyll -8-methoxy-1,4-
dihydro-4-oxogquinoline-3-carboxylic acid - difluoroboron complex
(452 mg, 1.252 mmol) to obtain 348 mg (0.854 mmol, 68%) of the

30 title compound as a pale yellow powder.

[0146]
mp: 195-196°C.
[@]p?®! = -118.3° (c = 0.224, 0.1N NaOH).
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[0171] The procedure of Reference Exanple 1 was
repeated by using nethyl trans-2-nethyl-2-pentenate
(2.70 g, 21.1 mml) and N- 15 benzyl - N- (net hoxy

methyl )-N-trinmethylsilyl nethylamne (5.00 g, 21.1
nmmol) to obtain 3.70 g (14506 Mol , 67% of the title

conpound as a pale yellowoil. [0172] 1H NMR (400 MHz,
CDC13)8 ppm 0.81 (3H, t, J :74Hz) 1.14 (3H, 203)
. 1.15- 41HR¥144154 1Hg)216 (1H, J=
H-NMRg (f0P|z94H22 9ol Oy S grm: 9 36 047)(3H2 §8-9. ﬂeﬁ(ﬁﬁz m 1-14

(3H, 992 .GLIHL-dd, yH ®), 8,1 A% HEP, (3H21m(zLHa @ O )3 3.39-
3.57 83, u3..5%. (71H,(1Hi o) = A3 72 aHDY, (3u62m) 318, 008)(1H3. @R, T =
63.7 }(zl)llﬂ 3 41 2JHZ) 3‘}!;;[5,%; 37365y mMg, M5 (BSl) us)

Elemer}(['/ieat' a@ﬁ&?%aﬁr 5’20,22% 8ce E’xanpl e 10]

4H*) 1- benle) net hl r
Calciﬂéﬁf:aiine:él céﬂbeiylﬁté 31| BO3 /58 MBOBE : = MeMe00C
Found< MeC M57 .M8'; H, P04FL]|F, 9.13; Theppeecedure of

Ms (rrRBf elencesdxampig+2 was repeated by using nethyl

R (at3R 45852 Lidanzylng; et byd; 3 v e rabkdi nes31, 1271 cn

1

[0147]

{[Reference Example 5]

Methyl (3R*,48*)-1-benzyl-3,4-dimethylpyrrolidine-3-~carboxylate
[0148]

MeOOGC

Me COOMe Me

—— N

Me [ : . .
[0149]

The procedure of Reference Example 1 was repeated by using
methyl angelate (12.01 mL, 100.0 mmol) and N-benzyl-N- {(n-butoxy
methyl) -N-trimethylsilyl methylamine (36.0 g, 128.9 mmol) to
obtain 12.28 g of the crude title compound as a yellow oil. The
thus obtained crude product was used in the subsequent reaction
with no further purification.

MS (ESI) m/z: 248(M+H)",
[0150]
[Reference Example §&]
Methyl (3R*,48%)-1-benzyloxycarbonyl-3,4-dimethylpyrrolidine-3-

carboxylate
[0151]
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5 carboxylate (3.68 g, 14.08 nmol) to obtain 3.68 ¢
(12.05 mmol, 869g) of the title conpound as a
colorless transparent oil. [0176] 1H NWR (400 MHz,
CDC13)5 ppm 0.86-0.92 (311, m, 1.18 (3H, s),
1.23-1.34 (111, m, 10 nm),53.40 (0.5H, d, 3.68-3.79
(511, m, Ms (ESI) mz: 306 [0177] [Reference Exanple
15

(3R*, 4S*) - 1- Benzyl oxycar bony1- 3-(tert-but oxycar bonyl am
nmé@?)'ﬂe et hyl - 3qpBbhy! prrolidine [0178] CbhzCbz
ﬁ@ 9] The cedure of Reference Exanple 3
peated by usi t hyl

(3R@’4R*) 1- benzyloxy@arbonyl 4-et hyl-3-net hyl pyrrolid

i ne3- oxyl ate (3. 687 g, 12.05 mmmol) to obtain 3.25 g

{8.97 |, 4 steps, 7490-) of the title conpound as a

col orl ess transparent gumy 26 solid.'[0180] 1H NMR
[01541400 MHz, CDC13)5 ppm 0.91-0.98 (311, m, 1.23-1.31

@ﬁkﬂ r@ked&réloﬂ ﬁ%&éﬁ@ﬂde kamnsd 18522w££ *eokk, te@)bX using
cre R FEAMELIHY Pl by SET o Laby Tl
dimeth yésmr }4iBg73 (FRTASY ALY e‘ffg £ Br‘[""iiéé‘F%r @BEﬁé
benzyll ZhloxpfEIRELASH1 13 BEnz 1MEx jcmmbbh o Fktagm 4baﬁoﬁ (14.52

mmol, & karpkanipg) -4f e \Eh-tIemebhpbpydrabididganedss oil.
[0153( )-(3R*, 4S*) - 1- benzyl oxycar bony1- 3-

1. NMRTﬁéaﬁ buto§%%€%bgd%éan1no;44 etq¥1}§-nethylpyerIiging
(1.5H,( 3Rr I45+$.1- %%hrzyjro%&/c(&rﬁgmyf)s ted}be(1-58, &), 2.14 (1H,
m), 3.16-3.28 (2H, m), 3.64-3.71 (4H, m), 3.92 (1E, dd, J = 1l4.s6,
11.5 Hz), 5.16 (2H, m), 7.26-7.37 (SH, m).
MS (ESI) m/z: 292 (M+H)". :
[0154]

iReference Example 7]
(3R*,4R*) -1-Benzyloxycarbonyl-3- {tert-butoxycarbonylamino) -3,4-

dimethylpyrrolidine
f0155]}
MeOOC  Me Bbc—n Me
Me"tff Mewt—i
ooy
Cbz . Cbz
f0156]

To a solution of methyl (3R*,45*%)-1-benzyloxycarbonyl-3,4-
dimethylpyrrolidine-3-carboxylate (4.23 g, 14.52 mmol) in methanol
(88 mL), 1N aqueous solution of sodium hydroxide (44.0 mL, 44.0
mmol) was added at room temperature, and the mixture was stirred
at room temperature for 5 hours, and in an oil bath at 50°C for
another 19 hours. To the mixture was added sodium hydroxide (1.742
g, 43.6 mmol), and this mixture was also stirred in an oil bath at
50°C for 8 hours. After concentrating the solvent under reduced
pressure, concentrated hydrochloric acid was added to the
concentrate in an ice bath for acidification, and the solution was
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10 but oxycar bonyl am no) - 4- et hy1l- 3- net hyl pyrroli di ne
(800 ng, 2.21 nmmol) produced in Reference Exanple 11
was optically resolved in an optically active col um
(CH RALPAK IA, 20 mmdiem x 250 nm hexane :

di chl oronet hane, 75:25; flbww rate, 20 m,/ m nute;
resolution, 10 ng per run) to obtain (+)-(3R*,4S*)-1-
15

benzyl oxycar bonyl- 3-(tert-but oxycar bonyl anmi no) - 4-et hyl
extracied ppky) WF-OF‘F@F%Q (699 My 1. B2 TR LIRSt @ﬁ‘é‘%ﬁc layexr

was dtiedd w:LtIIl.asthwﬁnqtlessocﬂaa-}rmmlfat@rlsn@ tloe de3i3@ting agent
was r&beF O Mi)taadién) - The solvent was removed by distillation

under( uc 3 I%Sgﬁ n%?ﬁ%ﬁﬂﬁgp@%é %rﬁ%?g% gﬁﬁ&%Xﬁ@%@%n¥E?H1of

i N0).-4- rrolidine ﬁgﬂ%o ioc%rrni?%xﬂlc

e ‘i S‘ﬁl At bt

acid ‘038125850Hpoﬁbﬁoﬁ‘ﬁﬂ?ﬁ)eqt[@T_IFSZ]eacFEs@an’m*éh51]10 further

purlfﬂea[t(ﬁiﬁ* 45*) - 3- Am no- 4- et hy1- 3- et hyl pyrrolidin-1-yl]-
A-fluoro-1-

fg)lR 33 agabh uor Aol opropyilyfe %Jgug ety gad conn

OxO0quI nol' i ne- oXY AC)
of a %ﬁh?gfy i6r aEdd LG str%qté]ry PBLER kD mmol) Yn
toluerfer) (703RL) 458} pHenylphosphoryl az:.de (4.06 mL, 18.84 mmol)

was addRIW Mho%¥iCaed ofydh 3-drie hebii 2¥ Y ear oh Vd HiRa) ad- ebby 1
temperé%ux%e%g% ?yﬂ5&4é(hdﬁa Q%Sénngillbggg'Jgngdkcm@gr another 1

nour. (4 EheMeaied il g rred ARt RN T
butyl %ﬁ%ﬂ. 47 fetlanich & hsr BABERT QYT dirated wogpr reflux in
an oil6 batdi BEuozercl okl B3 26Bpurs, £l the reaction mixture was
then ddod@BOEYClOGH OderBtiREN0XF tlard rdimdyd hg- AhOXesIUIRA iy

S 't%é%%@ddﬁ%%%w”@‘?% PR b 9#“%% by
silica gefece b UHF NS LOSKRPEE b e ethyiggicefpte 50:10 —
85:15 2998 R4AC.~[ AF p2%) ltcx obIBANR (205 9. 131446 Owk ,NAOHfeps,
24%) oFHtNWR: {46 dddmoudidl MsNaOBpSoppess Gy 3blidt, J -
l01587-3 Hz), 1.14 (3H, s), 1.19-1.41 (2H m, 1.53 (1H

187, (141 m) 95 (1
onalagd i il o 8 M1 251 P
(1.5H,3dgpd (114,12 JL f010463(342 )m)r327§5 fl% t‘lﬂa
3.11-3917 KEH, [@,9@ 24 (9.6H11d, n§ ,= 5,05 @El1, 3dad, (0.5H, d J =
11.2 HG3,83.805% .47 41Hz) m) 7. 6486 114,51, d =T Ha4d. HZI)IZ)B 832

(0.54,(411lg 4,190 &2 Wzhs EigMEREsy Y ana) ¥shs fief, m), 7.26-
7.37 21“11 5F2N3040 5H20: 15Cal cul at’ed:” C, '58.60: H, 6.009:
'8.83; N, 9.76. Found: C, 58.68; H, 5.94; F, 9.03;

MS (ESR) ©/39 288 (MaBjuhiz: 422 (MeH)+ IR (ATR): 2964,
[0158P931, 2875, 1716, 1618, 1514, 1448, 1439, 1371, 1325,
[ReferdRdd, Edddh £ .

(+) - (3R*,4R¥*) ~1~Benzyloxycarbonyl-3- {tert~butoxycarbonylamino) -

3,4—dimethylpyfrolidine and (-)-(3R¥,4R*)-1-benzyloxycarbonyl-3-
{tert-butoxycarbonylamino) -3, 4-dimethylpyrrolidine
[0160]

The racemic compound of (3R*,4R*)-1-benzyloxycarbonyl-3-
(tert-butoxycarbonylamino) -3, 4-dimethylpyrrolidine (1.205 g, 3.46
mmol) produced in Reference Example 7 was optically resolved in an
optically active column (CHIRALPAK AS, 20 mm diam. x 250 mm;
hexane : isopropyl alcohol, 95:5; flow rate, 20 mL/minute;
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20[ 0186] [ Exanpl e 6]

7-[ (3R*, 45*) - 3- Ami no- 4-et hyl - 3-net hyl pyrrolidin-1-yl]-

6-fl uoro-1[ (1R, 28) - 2-fl uorocycl opr opyl ] - 8- met hoxy-1, 4-

di hydro-4- oxoqui nol i ne- 3-carboxylic acid 25[0187]

[0188] By using a procedurgsimlar to Exanple 1

(-)-(3R*,4S*)-1- 30

benzyloxycarbonyl 3-(tert- butoxycarbonylanino)-4-ethy1

- nethylpyrrolldlne (386 nu, nmmol ). was

resol%5ﬁvbrﬁ@dmgoperu5%n to obtaill’ (+)« 3R* 4R*) -1-
benzyX@Rcu@ony3- gt er exrhrhuhoryaeboany damie) - B at-hy 1- 3- rret hy
dimetﬁm}fﬂdmaﬁlﬁe anels tr.lige |qr Qeiu GitnoWAST & €aed sh wiitnl@ =

L -
(arx, {4 005 ?%%#%orﬁ ahax ér r%‘i%%%%o&é’ r“&ogs%a -
dlmethtglpmrr@é@dhﬁ@l 1595 Tsht di-702880ky ¥O-BIE IBmes3941 of
minutdde [bilbbe.coapozing’ g8 a whis®, pavidatofomm) ) 113- 115C.
f016130a] D25' 1 = +234.5 (c = 0.310, 0.1N NaCH). 1H NVR (400
0. 1N NaOD)8 ppm 0.91 (3H, t, J = 7.3 Hz), 1.09
177128 (14 1, 52di1. 70 (311 'i‘?l’

[Exam f}
7- [ (3R 4

[ (1R, Z5)4Q- 315@r@@w1¢nromr16383megh¢m11 4jAihydgR-AtH, )

oxoquithod@né - 98c£ﬁ$be®Lc %84 (111, d, J = 14.6 Hz), 8.48
[0162é8(114, s). Elenentary analysis for

1H25F2N304' 0. 25Et OHO. 51120: Calculated: C, 58.43; H

6.27; F, 8.60; N, 9.51. Found: C, 58.36; H, 6.26; F

. 8.68; N, 9.49. M5 (FAD) nmfz: 422 (M+H)+. 15IR (ATR):

2960, 2929, 2873, 1728, 14, 1579, 1541, 1510, 1433,

1392, 1352, 1296, T COPQISQ] [ Ref er encg Exanpl e
13] Ethyl tgans-4-f] _ 2l et hyl - 2- but gnate I[20683400]

Boc— Boc—N
Me Mg OMe F i
Me N
OMe F

N —— : -
&m ' H

[0163]

By usging a procedure similar to Example 1, (+)-({3R*,4R*)-1-
benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -3,4-
dimethylpyrrolidine (468 wmg, 1.343 mmol) was converted to
{3R*,4R*) -3- (tert-butoxycarbonylamino) -3, 4-dimethylpyrrolidine
crude product (280 mg, 1.307 mmol, 97%), and the product was
reacted with 6,7-difluoro-1-[(1R,2S8}-2-fluorocyclopropyl] -§-
methoxy-1, 4-dihydro-4-oxoquincline-3-carboxylic acid -
difluorcboron complex (422 mg, 1.188 mmol) to obtain 370 mg (0.834
mmol, 68%) of the title compound as a white powder.

[0164]
mp: 175-179°C.

falp>® = -107.1° {(c = 0.240, 0.1N NaOH).
'H-NMR (400 MHz, 0.1N NaoOD)& ppm: 1.00 (3H, d, J = 6.8 Hz), 1.25
(3H, s), 1.31-1.43 (1H, m), 1.48-1.5% (1H, m), 2.03-2.13 (1H, m),
3.41 (1B, 44, J = 10.5, 1.7 Hz), 3.46-3.52 (4H, m), 3.62-3.70 (2H,
m), 3.99 (1H, dt, J = 10.2, 4.5 Hz), 5.01 (1H, ddd, J = 63.8, 8.7,
5.5 Hz), 7.63 {1H, 4, Jd = 14.6 Hz), 8.39 (1B, 4d, J = 2.9 Hz).
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HO Jr-Me  COCEt [0191] To a solution of ethyl
t rans-4- hydr oxy- 2- net hyl - 2- but enat e 25 synt hesi zed by
the nethod of Wl ff, M (Tetrahedron Letters, vol. 43,
pages 2555-2559, 2002) (2.73 g, 18.94 nmmol) in
di chl oronet hane (100 mlL), diet hyl am nosul fur
trifluoride (7.45 nL, 56.9 mmol) was added dropwi se in
an ice bath in 10 m nutes, and the m xture was stirred
at the same tenperature for 2 hours. To the reaction
Elemegfagy 2R & S Todd Septlsafi=llp@t é82%queous sol ution of
Calgethtad hy@r ogentar fon&t.64(388. nB)57aM théssol uti on was
roud! r agt ed i hu dihligr eneshase 209,31, + 2'x 100 ni).
MS (Eﬁeﬁp%ga@o@, I(ﬁy)er was dried with anhydrous sodi um

ate, _an he dessi cati ng nt renpve
TR (A o V6o BoLi 1§08 e Ao AL TheY ol VA Wdaba51387,
1354, @AB9edl3A7 ¢isti | | ation under reduced pressure to
[oi16Bbtain 2.43 g (16.63 mmol, 8896-) of the target

coappund as a pale yellow oil. [0192] 60 2H NVR (400
8 1431 (3111 = 7. :

[Exam]
7-[(3

oxoquime} prg bo Tadi &t y |
[0164BR*, 4R*) - 1- benzyl- 4-f | uor onet hy1- 3- net hyl pyrrol i di ne-
3- carboxylate [0194] COO Hl

[0167]
By using a procedure similar to Example 1, (-)-(3R*,4R¥*)-1-

-benzyloxycarbonyl-3- (tert-butexycarbonylamino} -3, 4-

dimethylpyrrelidine (169 mg, 0.485 mmol) was converted to
{3R*,4R*)} -3 - (tert-butoxycarbonylamino) -3, 4-dimethylpyrrolidine
crude product (95 mg, 0.443 mmol, 91%), and the product was
reacted with 6,7-difluoro-1-1{(1R,28)-2-fluorocyclopropyl] -8-
methoxy-1,4-dihydro-4-oxoquinoline-3-carboxylic acid -
diflucroboron complex (145 mg, 0.402 mmol) to obtain 65 mg (0.146
mmol, 36%) of the title compound as a white powder.

[0168]
mp: 209-211°C.

[lp®*7 = +186.0° {c = 0.162, 0.1N NaOH).
"H-NMR (400 MHz, 0.1N NaoD)§ ppm: 1.01 (3H, d, J = 6.8 Hz)}, 1.26

(38, =), 1.53-1.71 {2H, m), 2.10 (1H, m), 3.34 (1H, 4, J = 7.5 Hz},

3.54-3.62 (5H, m), 3.76 (1H, dd, J = 10.5, 2.9 Hz), 4.05 (1H, m},
4.80-5.02 (1H, m), 7.64 (1H, d, J = 14.6 Hz), 8.48 (1H, s).
Elementary analysis f£or CpoHaaFaN304 0.5EtOH0.75H:0:

Calculated: C, 56.81; H, €6.24; F, B.56; N, 9.46.
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10 Et OOOEt QOC Me' [0199] The
procedure of Reference Exanple 2 was repeated by using

et hyl
(3R*, 4R*) - 1- benzyl- 4-f | uor onet hyl- 3- met hyl pyrrol i di ne-
3- 55

Found: C, 56.72; H, 6.26; F, 8.44; N, 9.30.
MS (EI) m/=z: 407 (M").
IR {ATR): 2964, 2870, 2833, 1726, 1616, 1577, 1537, 1495, 1456,
1392, 1358, 1298, 1265, 1203 cm™ .
[0169]
[Reference Example 9]
Methyl (3R*,4R*)-1-benzyl-4-ethyl-3-methvlpyrrolidine-3-

carboxylate
[0170]
MeOOC ~ —Me
. Me ' — :
CCOMe '
A
Me Me
foL71}

The prccedure of Reference Example 1 was repeated by using
methyl trans-2-methyl-2-pentenate (2.70 g, 21.1 mmol) and N-
kenzyl-N- (methoxy methyl) -N-trimethylsilyl methylamine (5.00 g,
21.1 mmol) to obtain 3.70 g {14.06 mmol, 67%) of the title
compound as a pale yellow oil.

[0172]
‘H-NMR (400 MHz, CDCl.)d ppm: 0.81 (3H, t, J = 7.4 Hz), 1.14 (3H,
s), 1.15-1.24 (1H, m), 1.44-1.54 (1H, m), 2.16 (iH, t, J = 2.1 Hz),
2.22 {1H, d, J = 9.6 Hz), 2.38-2.46 (1H, m), 2.92 (1H, dd, J = 8.8,
7.8 Hz), 3.21 (1H, d, J 9.3 Hz), 3.51 (1H, d, J = 13.2 Hz), 3.62
(3H, s}, 3.62 (1H, 4, J 13.2 Hz), 7.15-7.27 (5H, m).
MS (ESI) m/z: 262 (M+H)".

[0173]

[Reference Example 10}
Methyl (3R*,4R*)-1-benzyvloxycarbonyl-4-ethyl-3-methylpyrrolidine-

3-carboxylate
[0174]
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5 carboxylate (2.56 g, 9.16 mmvl) to obtain 2.56 g
(7.92 mmol, 86% of the title conpound as a col orl ess
transparent oil. [0200] 1H NVR (400 MHz, CDC13)8 ppm
1.26 (311, t, J =7.2 Hz), 1.29 (3H, s), 2.91-3.00
(111, m, 3.35-3.48 (2H, npp 3.71-3.77 (111, m, 3.81
10(111, d, J = 11.0 Hz), 4.11-4.21 (211, m, 4.41-4.68
(211, m, 5.10- 5.18 (214, m, 7.29-7.37 (5H m. M
(ESI) mz: 324 (M+H)4". [0201] [Reference Exanple 16]
i5

Me ﬂ5M3 1- BenzV?QQ ca Bﬂﬁ?l 3-(tert-butoxycarbonyl am

np) \4- quoronetH? nmet hyl pyrrolidine [0202]
r FBoo~-N-Ms. Mei , i CbzCbz 20[ 0203] The

procedyr e of Referenceé%?anple 3 was repeated by using
et hyl , 4R*) - 1- benzyl oxycar bony1- 4-f | uor onet hyl- 3-
nmet hy: rolidine-3-carboxylate (2.55 g, 7.89 mmol) to

obtain 2.14 g (5.84 mvol, 4 steps, 74% of the title
[o179) onpound as a colorless 25 transparent gummy solid.

O 7
%% %%éﬁ%@ﬁ%é%&%3&%%¥TPE%%%£E pg %a%ggpf%%eén%y Sging
methyls s 4§I>(i SRFYLF wihyly3- §Hylﬂyrrqhﬂm$ 2 (211,
carboxylats 73 .66. 41114 b?%)mmcﬂl)SSO( ob8ain Br&y,g 5(19905. mFol,
86%) H(2kltifle fomBohdad Bl4olBklesd2t MndiSlentmoal. 311
[0176@N4t BU).
'H-NMR (400 MHz, CDCl;)8 ppm: 0.86-0.92 (3H, m), 1.18 (3H, s),
1.23-1.34 {(1H, m)}, 1.51-1.59% (1H, m}, 2.42-2.54 (1H, m), 2.06 (1M,
m), 3.40 (0.5H, 4, J = 10.7 Hz), 3.47 (0.5H, d, J = 11.0 Hz),
3.68-3.79 (5H, m), 5.09-5.19 (2H, m), 7.28-7.38 {5H, m).
MS (ESI}) m/z: 306 (M+H)™.
[0177] '
[Reference Example 11]
(3R*,48*) -1-Benzyloxydarbonyl-3- (tert-butoxycarbonylamnino) -4-
ethyl-3-methylpyrrolidine

[0178]
MeOOC,  —Me Bon—n s—Me
vy
Chz Cbz
[0179]

The procedure of Reference Example 3 was repeated by using
methyl (3R*,4R*)-1-benzyloxycarbonyl-4-ethyl-3-methylpyrrolidine-
3-carboxylate {(3.68 g, 12.05 mmol) to obtain 3.25 g (8.97 mmol, 4
steps, 74%) of the title compound as a colorless transparent gummy
solid.

{0180]
'H-NMR {400 MHz, CDCl3;)3 ppm: 0.91-0.98 (3H, m), 1.23-1.31 {4H, m)
1.41-1.54 (10H, m), 2.25-2.42 {1H, m)}, 2.99-3.06 (1H, m), 3.57-
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[ 0205] [ Reference Exanple 17]

(-)-(312*,4S*) - 1- Benzyl oxycar bonyl - 3-(tert-but oxycar bo
nyl am no)-4- 5 fluoronethyl-3-nethyl pyrrolidine and
(+)-(3R*,4S*)-1- benzyl oxycarbon 1-3-(tert-buto
carbon | am no)-4-fluoronetfyl-3- nethyl pyrrolidine

The racem c¢ body of
(3R*, 45*) - 1- benzyl oxycar bonyl 3- (tertbutoxycarbonyl am

4-f1 th yl [idi 1.454 10
3.75 93%7 %F?Eg?gdégeélﬁn r‘I‘Qe'f é?é:‘?gg {E%Iane 1(9“16 \/361%7'7 38 (5H,

m). optically resolved in an active col um (CH RALPAK AS,

M8 (ERD mpdi amp7 x(125Buyn hexane : isopropyl al cohol,
[0181%3 7; flowrate, 25 nL/mnute; resolution, 60 ng per

b
ER)efT?erﬁgle( %ﬁiﬁo gal Qi] benzyl oxycar bonyl 3-(tert but oxy(::Lar bon
ethyl -3 Yr%hmpyrrbbi@e and |(me =€3R1 851'0 {ﬂﬂ]m';zﬂla:}:gﬂc’xrﬂzonyl 3-
(tert- bu%ngégﬁcnglﬁtﬂ‘%éo chy —%)r(t@lfyqtgianeﬁﬁﬂlpyrrol idine
car
(TTl)e (rg.fe%:l.?l l%od'% {‘hg%;*' Q ﬁ‘é@ Qnﬁfénz‘%];&glfctnapc% %% ar bony:

butOXYfar@@naﬁ%wm? bf%rﬁ*‘?}&ﬂ'ﬁ H’Et Y¥BY§r‘ﬁ3rH%f’trtes 3] pes. % =
mmol) prPdBced inlReBEremtd dwehpin) 11 @@@(ﬁﬁﬁﬂcquiwawpselv?d in
an opt"rida(l&?* aéSix)re e U0 - @HTrRAQPARELAY 12 @-nie tdiympy kr 9k b dhm;
hexan%| u§%% omethane flug. flow rate, 20 mL/mlﬁng 1 a-d
resolyto i ‘Lé’ a&?‘fé 5008 g&&T Pz}c/‘ia d‘qeé[‘ 0207]
benZYHQ§ZGBFbE§YbS3h %?ﬁﬂhﬁ?%ﬁﬁ?érgPﬂY %WIQQ915(
methylpyrro3REidS* J343 B 1.084 mmol, retention tlme = 11 3
minutd2eNZyh 8xy Car bomel-3- (LeLt o s oXugarhersk-am ngla 4¢fH uor
{3R*, 4%@1: Eyﬂsexgmfi@c)m/al&%n&ql |3d|(ESr£ %%ca%b%%@l%@h%) was

ethyL-63 e EhTRvaa (e, JSsy B pbrgf By - F5ELR5HSReE HA.~

13.1 m3dnupeehy[@iBZDIF ¢ 119, 4anc the prasduchlmmefermk ed with
[0182H, 7-di fluoro- 63

[Exampla[ 61R 25) - 2-fl uorocycl opropyl] - 8- met hoxy- 1, 4- di hydr o-

LRI Der F6 87 09X KL fy A6 18t Y0 QLPO%?ﬂE%OIO 1-
S04 —ot—-tHe = EPpT S EK Bawder .

oxoquispdPel3 marbigs1igggcifial D251:368(020125
[0183P. 1IN NaOH) 1H NM (400 MHz, 0. 1N NaOD)5 ppm 1.29 (3H,
s), 1.45 (111, d, J 27.2 Hz), 1.52-1.64 (1H, m), 2.50
(111, td, J = 13.5, 6.9 Hz), 103.54-3.57 (2H, n), 3.58
(3H, s), 3.63 (1H t, J::92Hz) 3.94 (1H, t, J =
9.2 Hz), 3.99-4.05KJ cgol3 (111, ddd,
9.2, 6.5Hz%} 4.98( d J =64.2 ), 7.4

Boc-N) =S—Mé. Saddzdl, 8- F(1H J =20 Hz) . F
Me¥rril ysi s Mer-€201122F N8P F1H20: Me N

st e o =

Chz Me NH,

[0184]

By using a procedure similar to Example 1, ({+)-(3R*,4S*%}-1-
benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-ethyl-3-~
methylpyrrolidine (383 mg, 1.057 mmol) was converted to crude
(3R*,48%) -3- (tert-butoxycarbonylamino) -4 -ethyl-3-methylpyrrolidine,
and the product was reacted with 6,7-difluoro-1-[(1R,28)-2-
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15Cal cul ated: C, 54.17; H, 5.46; F, 12.85; N, 9.48.
Found: C, 54.34; H, 5.41; F, 13.13; N, 9.21. Ms (E)
mz: 426 (M+tH)+. IR (ATR): 3541, 3089, 2972, 2881,
1716, 1622, 1514, 1456, 1365, 1327, 1279, 1238 cm1l.
20[ 0210] [ Exanple 81 58
7-[ (3R*, 48*) - 3- Am no- 4-f | uor onet hyl- 3-net hyl pyrrolidin
-1 yl] 8- fluoro-1-[(1R 28)-2-fluoroc
propyl | -8-nmet hox -1, 4-dih, dro-4-
fluor&%&&iﬂ%wwel B OGO Lt ad i I o PP B2  Be By
carboxyilag achpd ocatifrlacgioboran conEEkeanplidilmg, 1.000 mmol) to
obtaibtks03ky, d8'9rslmdd, 62%) of the title compound as a white
P%,delg_;enzyl oxycar bonyl- 3-(tert-but oxycarbonyl am no) -4-fl uor
[01s§gEthyl 3- nethylpyrrolidine (310 ng, 0.846 nmol) was
nverted to crude
mp:  ZBR2USE) - 3- (tert - but oxycar bonyl am no) - 4- f | uor onet hy1-
[a] p*°3+ aretiByl pyriold di.nes, anditrheagu)oduct was reacted with
‘g-m (2 dY fl\,ngd,org 6faon) 5 4
t oqui no H\I r%Z fggogﬁﬁ 3 mit Ig?Xxorob Pﬁh%rol 88~
1.95 Eﬁp f@x (336§ ﬁ’g42o(éﬁs 13-4 ol§l3a| AH25% ng (%4 5@ s) .
3.60 (bl ,db619 -ofl0t-Be BlﬁITéZborﬁ)o"lmdléIs &, WAi +e9 povitier,. 3.96-
4.01 5@1@2]@] rmozlafiﬂJ,SS@d [a]i)éﬁsl B8.65132.0Q fe) = P.el031H, 4,
TN e L g L
Eleme’%“ii’iy ad?alj’sm fﬁr %%L?Je@ % 3.66 10(2H, q, J =
calenlptpgdy @ @f- (@Pll :d§; 03 = :10808 319 14:76-3. 74- 3. 79
Four{@11¢, n§g. 648;032—45094(,1]}:1 ony3; A6 .(6PL1, ddd, J =
uS (FA) 3u/%. 6426. AeHz)t. 4.93 (2H d, J = 71.6 Hz), 7.67

1, 5 I nt ar
G o) 290 0 Atk Bhle Sl AT, o
1325,5§2_ 49687 F, 11.43; N, 8.43. 15Found: C, 53.03;
[018¢), 6.02; F, 11.86; N, 8.08.

[Example 6]
7-[(3R*,48*) -3-Amino-4-ethyl-3-methylpyrrolidin-1-vy1]-6-fluoro-1-
[{1R,28) -2-fluorocyclapropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

fois7]

|
F COOH
Boc—n FMe Boc-n +—Me Fm : |
| . pERS

foi1ss]

By using a procedure similar to Example 1, (-}-{3R*,48%)-1-
benzyloxycarbonyl-3- (tert-butoxycarbonylamino) ~4-ethyl-3-
methylpyrrolidine (386 mg, 1.065 mmol} was convexrted to crude
(3R*,48*) -3- {tert-hutoxycarbonylamino) -4-ethyl-3-methylpyrrolidine,
and the product was reacted with 6,7-difluocro-1-[(1R,28)-2-
fluorpcycloprole]—8—meth0xy—1,4—dihydro—4—oxoquinoline—3—
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MS (BEl) mz: 426 (M+ll)+. IR (ATR): 2970, 2883, 1728,
1616, 1560, 1456, 1390, 1350, 1336, 1315, 1298, 1267,
1203 cm 1. [0214] 20 [Reference Exanple 18] tert-Butyl
1-acetyl-1-cycl opropanecar boxyl ate [0215] 25[0216]
A mxture of tert-butyl aceétboacetate (497 niL, 3.00
“mol), 1, 2-dibronoethane (310 m,, 3.60 mmol),

pot assi um carbonate (1.106k g, 8.00 nmol ), and

0L tirred in a rbath
carbofy I55 et 1 B HoGrEbOr MR U b BB oo p bl | to
obta1302ﬁ@)unss, (@5 M@ lnabas) b@f Hhe tact@er EPMROYAY sAS Fherhite

powdeteacti on m xture was separated by filtration through
%pj ocand the residue on the celite was washed with

2 et]h thoer Theflltrte and the
E ]Dsdl &t ﬁé?gtﬁer r"useg P%JP t et MaSHi*Hg wer e conbi ned and
"H-NMRydielP MEizwal et N (3290)3 2pah:t he- ﬂg@ﬂ c t-ayer Wad Hz), 1.03
(3H, skpatalzd..2Bhd185 miuebus2ilaydr (88 extracéedl vid h(lH m},
3.31 digf lhryJ et hers (sZHh), ;&n«ﬂsﬂ\ﬁtﬂ (sh,Linyvas . addeds§ o(tehem) ,
ul ti n ugo Ariher sexgrac S
2.02 [(ERUMY ) %%‘Ebﬁglng |ethylet (1?1§d),5 {100 MBS g 48

conduct’ed by ad or gani ¢
: Bb | ayers were conbi ned, and vvashed with 10% aqueous

Eleme%*’eﬁ*xﬁlwlé’fﬂél tfPichaHnale‘I@taL@ 2HRe@&F 0¢ 2H2G¢ 3), and
Calcsdiaied!: edc aears ol atepon Bf soghum,chl.eni.de (2L x
rourd):y aNCsEIIE0 by caddl ng, aphyel ous siad.um sul fat e.

MS (F rengi(é ngﬂt e deSSI cating agent by fi Itrat| on,

e %ol Veht “was re dbydlstlllatlon und

IR (ATRMgucéd®Pr ed3tte, 2%7r?d tlﬁé redfdtie W& dilsx4l-l ééland%‘#“

1392, riethiced 296es3@FB tw obtain 371.8 of the target
fo1sggonpound (10 mHg, distillation fraction of 72 to 78C,

[Refege&?e @Jam L% 3ps a colorless transparent oil. [0217]
menys WOLE §00A/Ez 13)8 ppm_, 1.37-1.40 (4H ),

] [ Reference Exanple
[0190]g] tert-ButyI

1- (1-am no-I|-cyanoet hyl ) L1Lsycl opr opanecar boxyl at e

COOE: COOE
H Me F Me

[0191]
To a solution of ethyl trans-4-hydroxy-2Z-methyl-2-butenate

synthesized by the method of Wolff, M. (Tetrahedron Letters, vol.
43, pages 2555-2559, 2002) (2.73 g, 18.94 mmol) in dichloromethane
(100 mL), diethylaminosgulfur trifluoride (7.45 mL, 56.9 mmcl) was
added dropwise in an ice bath in 10 minutes, and the mixture was
gtirred at the same temperature for 2 hours. To the reaction
mixture was added saturated aqueous solution of sodium
hydrogencarbonate (80 mL), and the solution was extracted with
dichloromethane (200 mL + 2 x 100 mL). The organic layer was dried
with anhydrous sodium sulfate, and the dessicating agent was
removed by using a short silica gel column. The solvent was
removed by distillation under reduced pressure to obtain 2.43 g
(16.63 mmol, 88%) of the target compound as a pale yellow oil.

[oi192]
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15[ 0219] [0220] tert-Butyl
1-acetyl - 1-cycl opr opanecar boxyl ate (9.21 g, 50.0 20

nol ) was dissolved in a 7N solution of amonia in
met hanol (300 nL), and to this solution in an ice bath
wer e added concentrated am$dni a solution (90 ni),
anmmoni um chloride (53.5 g, 1.00 nol), and sodi um
cyanide (4.90 g, 100.0 mmol ). The m xture was stirred
1 roonttenperature for 18 hours, and the sol vent was
H- NM%OH%EhPW%te8D§§3@h@@W r etided 3presurfes Teo? thw , 1-86-1.87
(3H, vbncem? at2¥.was ddded- dalfzy. (5L.0® rfi2H, ddd, t#e=sHi 48, &n2,
1.1 HWAS exdx-attsad (wit hmgli chl or onet hane (300 nL + 2 x 100
[o198%) . The organic | ayers were conbi ned, and dried by

ddln sodi um sul fate. After renoving the
[szeﬁe%%‘? fﬂté agant

by f||trat|on the sol¥ent mas|

carbogptaia 10 15 g (48.3 nnDI 7@6 of the crude target
[o1s4£ponmpound as a pal e brown 0|I The t hus obtai ned crude
product was used in the subsequent reaction with no
further purification. [0221] 1H NMR (400
MHz, CDCl3)5 pppRiood: 02_; 12 (2H, m, 1.19-1.17 (2H
m, 351.48 (9H, a@ F50 (3H, s), 2.13 (2H, brs). M

(EST)C99Ey: 155 (Mt . [0222] 66 [Reference Exanple
eIt - Butyl™ 1- (1 2-di am no-1-nethl ethia
carboxylate [ 0223] 224] To a solution (50 nL) of

tert-butyl 1-(1-am no-
cyanoet hyl ) - 1- cycl opr opanecar boxyl ate (1.12 g, 5.30
[6195tol) in 10 ethanol was added a suspension (30 ni) of

Rareyroteligle cat atefetre&llaelﬁﬁa e f achad el{éﬂaétuek k9 using
ethyl %x%ﬁgcgrﬁgﬁéféofhm bgf? f 0 2 fg‘ {%? 63rgpa%é and
N-bengit Ng (RBLRGRY e Dgon CEARC IS bhE} aT e S0hrs 8
15.57 mlﬁeﬁﬁv‘e@tw f413% & i (Gn2PhmBagh 2e¥) tef tamttlﬁée

compowsd went pase rexioved by 15 distillation under reduced
[01959ressure to obtain 0.84 g (3.92 mmol, 7450 of the

1 &9 ound a rIes tran rent.o
s 860 Y O% 5464 % ide  pT Bl P?Was%use? Phhe 130 G,
5). 2. Q&bééﬂueﬂt J o= -1 Hz),
2.89-3.06 (2H, m), 3.16 (1H, 4, J = 9.3 HZ), 3.57 (lH, da, J = 13
Hz), 3.64 (1H, d, J = 13.2 Hz), 4.16 (24, ddd, J = 14.3, 7.1, 2.6
Hz), 4.44 (1H, &dd, J = 34.9, 9.3, 6.0 Hz), 4.56 (1H, ddd, J =
34.7, 9.3, 6.1 Hz), 7.21-7.35 (5H, m).
MS (ESI) m/z: 280 (M+H)*.
[0197]
[Reference Example 15]
Ethyl (3R*,4R*)-l-benzyloxycarbonyl-4-flucromethyl-3-
methylpyrrolidine-3-carboxylate
[0198]

l

.2



reaction with no further purification. [0225] 20 M5
(ESI) mz: 215 (M+H) +. [0226] [Reference Exanple 211
1- (1, 2- Di ami no-| -net hyl et hyl ) - 1- cycl opr opanecar boxyl i c
acid dihydrochloride 25[0227] NH2 Me NH2 21-10

[ 0228] 0.82 g (3683 nmml ) of the crude
tert-butyl 1-(1,2-diam no-1- 30 nethyl

et hyl ) - 1-cycl opr opanecar boxyl ate was di ssolved in
concentr at ed hydrochloric acid (5 nL) at room

,é@gpegapure dEg solution was stirred at the
Tenperature Il m nutes. After adding water to

th action solutlg §the sol vent was renoved by

dlsﬂ1llat|6ﬁ“ﬁﬁder réhuced pressure. The residue was

azeotropl cal |l y dlstlﬂbéd with ethanol (twice) to

obt ai 82 g 5 (3.55 mml, 93% of the crude target

compound as a pale yell ow foam solid. The thus
[01924bt ai ned crude product was used in the subsequent

rﬁ@ctpir@;ee%}@ O ¥Rl ePBikhih €8t 2 Ofs 323k ed 1y MR ng
o LG Sl L 0
b carbo;aflaj:e_ fg )9 16 mmol)’ to obtain 7.92 mmo
of the title compound as a colorless transparent oil.
[0200]
'H-NMR (400 MHz, CDCl:)8 ppm: 1.26 (3H, t, J = 7.2 Hz), 1.29 (3H,
s}, 2.91-3.00 (1H, wm), 3.35-3.48 (2H, m}, 3.71-3.77 (1H, m), 3.81
10 (i1H, 4, J = 11.0 Hz), 4.11-4.21 {(2H, m), 4.41-4.68 (2H, m), 5.10-
5.18 {2H, m), 7.2%-7.37 (5H, m).
MS (EST) m/z: 324 (M+H)™.
(02011
[Reference Example 18]
15 (3R*,45*) -1-Benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4 -
fluoromethyl-3-methylpyrrolidine

[0202]
i H
Et0OC  —F Boc—N  —F
Me % Me g
oy
Cbz Cbz i
20 [0203]

The procedure of Reference Example 3 was repeated by using
ethyl (3R*,4R*}-1l-benzyioxycarbonyl-4-fluoromethyl-23-
methylpyrrolidine-3-carboxylate (2.55 g, 7.89 mmol) to obtain 2.14
g (5.84 mmol, 4 steps, 74%) of the title compound as a colorless

25 transparent gummy solid.
{0204]
'H-NMR (400 MHz, CDC1;)8 ppm: 1.37 (1.8H, s), 1.39 (1.2H, s), 1.42
(9H, m), 2.792-3.13 (1H, m), 3.19-3.31 (1H, m), 3.60-3.72 (3H, m},
4.41-4.62 (2H, m), 4.77 (0.43, brs), 4.85 {(0.6H, brsg), 5.09-5.17
30 {(2H, m), 7.28-7.37 {(5H, m}.
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3.80 (111, d, J = 13.4 Hz). M5 (ESI) nmlz: 159 (MtH) +.
[ 0230] [Reference Exanpl e 221 15
7- (tert-Butoxycarbonyl am no) - 7- nethy1-5-azaspiro[2.4]h
eptan-4-one [02311 [0232] 20To a solution (70 ni)
of the crude 1-(1, 2-di am n&2l- net hyl
et hyl ) - 1-cycl opropanecarboxylic acid di hydrochl ori de
(800 ng, 3 46 nmol ) in acetonitrile was added
é hexanetpyldisilazane (7.38 nmL, 34.6 mmol),
MS (E§ﬁ Wﬁé nﬁ%ﬂur@ (8¢ heat ed under ref lux in an oi
[020B64th at 100C for 4 hours under nitrogen atnosphere.
[Refe‘fhﬂc@SEﬁ&rb@w eaMas cooled to roomtenperature, and

-) - @kken gagdd] ng. EhHhanek 413 . éé}%-mltmp&am;ﬁm\ﬁ%q 4-

T arl LAY/ T IIUtII

fluore%ﬁﬁagi LY T pyg;:qi dine G %Ssiﬁkg g oL e n oTude

¥GErPatom amnthnoilﬁ flwqromﬁthyl -3-
methyﬁ@yﬁﬁaBidlne To the thus obtained crude
7TRE A-cifetduy- 8 @iﬁﬂéﬂ[%~%ﬁ@9&@ﬁg&%})&e—rﬁ tert-

butoxggg§g%%%ﬂ% r%%a%egﬁagr€$%ﬁﬁyyjﬁ—%et%§ﬁ% y%yidlne (1r§54 g,
3.37 Q‘ﬁa r%“?ﬁ";&eﬁ‘r d\BE E’E?’P‘F%@’ﬁmﬂlﬁelﬁeﬁﬁér%ﬁ’ C‘ea]faié( rgsolved
in anhgative \Watlaymn @EHIRBUPAK )ASva P lattediew- t ki 25¢ awot herane :
isoprop¥l liBzolld bhe7m Rlow eravas, est maginefuie | hraddlarabar, mso

g pe£1991mt 2R ah) (- TE?BSI? gﬁu)cll @éﬁ%?l @aﬁsz;}ltyln%d (@Bd¢ -
butofbaflollih ARV ELeLS e e S Jepiens.
1.703 ol , dtﬂtlmﬁloanﬁl‘f‘ﬁe—s@l \fe MENHESSE e BB by L-15.0° (e =
0.645di chidrcfigrom ) uadeér {+edirRed Wésslubemﬂ@xm_réidm’rl ~Bagtert-
but oxpskgasbitya s ol esLﬂyeer@miHyle 3k @euhﬂpgrmpﬁmﬁai qQB2Wafg,
1-700I¢ﬁ$fr%%me%tggﬁa£ 02 gy Q%tggnlgaﬁ?%% 4] 1 %%°° -

1 230 as ‘da white powde
-=39¢ o 13)8ppm077082(1H ,094104
0204121,

[Example 7]

7-[(3R*,48%*)-3-Amino-4-flucromethyl-3-methylpyrrolidin-1-yi] -6-
fluoro-1-[{1R,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

[0207]
O
F COOBF,
|
F COQOH
Boc—n —F Boc—-ﬁ —F F ° )
Me 1 Me OMe A F F N
) RERSE
Cbz ) Me NH,
[0208]
By using a procedure similar to Example 1, (-)-(3R*,45%*)-1-

benzyloxycarbonyl-3~ (tert-butoxycarbonylamino) -4-fluoromethyl-3-
methylpyrrolidine (303 mg, 0.827 mmol) was converted to crude
(3R*,45*) -3- {tert-butoxycarbonylamino) -4~fluoromethyl-3-
methylpyrrolidine, and the product was reacted with 6, 7-difluocro-



1.16-1.23 (1H, m, 1.28 (3H, s), 1.43 (9H, s), 3.29
(1H, d, J = 10.3 Hz), 4.12 (1H, m, 4.60 (1H, brs),
5.82 (1H, brs). M5 (EST) nmiz: 185 (MtBur. [0235] 15
[ Ref erence Exanpl e 23] ‘
5-Benzyl-7-(tert-butoxycarkdnyl am no)-7-nmet hyl- 5-
azaspiro[ 2. 4] heptan-4-one [0236] 20 [0237] To
a solution (65 nmL) of 7-(tert-butoxycarbonylam no)-7-

1-5-azas 4 one (3.12.9, .12.97
- €] 2 T B el B R el T S g btk 4
oxoqugnadiast 3 cadegydodi am @5 r@ncfrﬁmop%% drEpes| (P9 A,
0.827ammbheriad cidain5381ngg 1R.=R81 mamall), ERA%D of nthHee s itdrd
compolh€ géxg%ﬁt\gi?@%HEH‘ed at the sane tenperature for 40
5 [ozo%nm es. Benzyl brom de (1.851 niL, 15.56 nmol) was
ded, and the m xture was stirred at roomtenperature
mp:  ¥Y¥F{-1P85Chours. The reaction mxture was diluted by
[a] p>*ddei ngeeshylic acet ave, (80N majos)and 30 the sol uti on was
I

272 29) Ut o 1. t%"qiﬁyg‘ﬁo'u? Idle 640 Suﬁt g Afn%r-?gr"‘y '9”%“55“9 ]
10 3.50-3 a7 (S 8L oar Py (Sert) oy POl 018t b the Coirdng 3 - 94

(1H, %as? refovedzby élr%%‘#l%‘-"ll@lﬁruﬁ'der‘lré@u&&i pi%s@re 37.6,
9.2, dhe HLs dueswgsEpus) fed &y. 8F=m)i,l ic@EsgehiEco8unm = 14.5 Hz),

8. 42 pﬁor&atqgr_a@hﬁ ﬁg xane . ethyl acetate, 9:1 -* 69 4:1
' t mol , 98) of the
El‘ﬁ"‘m(ﬂf‘ar et]a)ngf)l%ﬁlg g%qo?ﬁléls%g)trans arent gunmy

15 calaydprgd:[ (2387 iﬁpr\ﬁms(%ow -85¢15)y 8%ppfn 0. 76-0. 81

Foun@iH,Cn)Sé@@SHl 064(2H, 3.1, M- 2.20-(4H, n), 1.37
(EXOhh/2Y) , 236 1M, d, J = 10.3 Hz), 3.92- 3.98 (1H,

IR (A'fﬁ)’- 43%1(1:!13859' 2b72,18g41 H2) 51 4. 51%2(21""15‘14 ‘114'5@-4 15365
brs), '7.22-7.33 (5H M5 (ES

1327, & I\/I~+L § ‘["0239] 10 [ Ref erence Exarrpl e 24]
20 [o210d.y. 5 Benzyl- 7- (tert - but oxycar bonyl am no) - 7- net hy1- 5-
[Examralzea§|dl ro[ 2. 4] hept an- 4- one and
(3H*, )5 benAYind- 4Iﬂdc&l¢tn@&yl ar bonyt i giey-ol-iehhy 1yt ag-

f:l.uordal R [r(cihzz gyﬁ.ﬁcgrﬁ%w 10f4 ~-dihydro-4 -

oxoguinoline=- -ca boxyllc acy
25 foz211]

F. COOBF,
I O

MZ:) WMB..Z?. e L@ i,

Chz Lo Me NH,

f02127-
By using a procedure simllar to Example 1, (+)-(3R*,48%)-1-
30 benzyleoxycarbonyl-3-{tert-butoxycarbonylamino) -4-£luoromethyl-3-
methylpyrrolidine (310 mg, 0.846 mmol) was converted to crude
{3R*,45%*) -3- (tert-butoxycarbonylamine} -4-fluoromethyl-3-
methylpyrrolidine, and the product was reacted with &,7-difluoro-



10

15

20

25

30

35

15 net hyl - 5-azaspi ro[ 2. 4] hept an-4- one produced in
Ref erence Exanple 23 (2.254 g, 6.82 nmmol) was
optically resolved in an optically active colum
(CHI RALPAK AD, 20 mmdiam x 250 mm hexane: i sopropyl
al cohol, 90:10; flow rate, 620 nL/ m nute; resol ution
50 ng per run) to obtain

-5-benzyl-7-(tert-but oxycarbonyl am no)-7- 20

5:az irqgl2.4 n-4-one (9

1- nge %5%%&%Wﬁ@cyﬁ[wﬁrﬁﬁt%ﬂe%@s& T
oxoquenpb;@#TﬁTQthgmyllc acid - difluorcboron complex (305 mg,
0.846(nhob) benzyktain( LoVt mpul@xyram@ly| dukhods 7emetdiyles-
compo@iAsd rohhi4khepl,ag+4- one (957 ng, 2.90 mmol,
[021 tention time 11.3 mnutes, MD = +108.8 (c - 0. 249,

| oroform ). 25[0240] [Reference Exanpl e 25]
mp : 1(8—5) -18988nzy1- 7- (t ert - but oxycar bonyl ani no) - 7- net hy1- 5-
[alp*®dzaspisd| @ 4(]chepname3[0c2m11\] B0 Boc c-Boc M Me

u-wmH 0244) MHz 1N NaED)B antiPrizs( 13l yyof1 51-1.70 (28, m),

2.45- as%)gS %i:ﬁ ptﬁﬁe i}?u xy ar @Oﬁyggfﬂ n?e(? [?—;mé]; 53ags

P SR Rt S A e A
(2m, rtnm 4 lP@réa@@t .(éHacmbr (47.65 fiLH) ddfd The 3ﬁx3trur9e6wa§ 4 Hz),
4.93 §1H ) réed mt= tthe esaae, t 2oper atwy e1,f ar A4Q4nsnHEes. 8 e (1H, s).

ElemerStMeRn198 1 keapved,, ﬁyzﬁdmﬂdﬁ@m ensyder reduced
calddh fe&grf.ire Af5t3er azgotgof.k caELI y di §t| h By, 4 he sol ution

urate aqueo us 5 sol ution of
Fo ‘méiodl(a Erﬁ/'cﬂ:" cﬁrB na?e J(130%rrL)N wds %8dded, and the
MS (EXolmutz: on@@s(l‘@)&)r acted with chl orof orm (100 m + 2 x
IR (A0 :m Yo7dhexggyani7csl, ayels, wes&o camMualedzsandirssd ehzzs,
1315, Vﬂztgrg anhydr oysesodi-um sul fate. After renoving the
[021 ZSSI ‘cating agent by filtration, the solvent was
noved by distillation under reduced pressure. The 10
{REfe’%eé’ﬁed@‘(’—fa%ﬁ%ed]r%]sol ved in tetrahydrofuran (30 nL), and
tert -Bativile isteryhol porchubaxviEiee bath, |ithium
[gz218fkum num hydride (218 ng, 5.74 mol) was added to the
solution, and the solution was stirred at the sane
tenperature for 1 hour. After addi ng another portion
of lithium alum num hydri (109 ng, 2.87 nmmol) 15 and
i the sol uti o%,aﬂ enperature for 2.5
S i

h o the sorutTon ool ed, and water (0.31
mL 15% aqueous sol ution of sodi um hydr oxi-de (0. 31
rl‘n_) and water (0.93 nL) were carefully added |nth|s

order The %esult g xture was stirred overnlg
v

PoBR D attie o8 G PR HrRigHSS | (/s T
1,2-disyppeetean0(31® ml,t Baﬁpomm@hroayrtacsaiiwre.caxhenate (1 106k

g, 8.0D0i Whedl p aved CiorceRifaradmidde(2 redycetspeessued 110 a
water BOEA! B¢ t ége 1 75 8411,00s 5-4 %Z%térn"ﬁggﬂlaé 69°C_£pr 3.5
aza plr e as olorless tran ar ent
lie? E"CE 3 4daYficodie) tERgtIon

houts, Tﬁ’é t hiis o‘ﬁ
mixturg BIggRRPATF S Yok 1M FATHE! f Ehidiah S@lifPcapPdnthe

residue on the celite was washed with diethylether (3.5 L}. The
filtrate and the diethylether used for the washing were combined
and added to water (2 L}, and the organic layer was separated. The
aqueous layer was extracted with diethylether (2 L), and water (1
L) was added to the resulting adqueous layer, and further
extraction was conducted by adding diethylether (2 L). All organic
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25[0243] 1H NWMR (400 MHz, CDC13)8 ppm 0.37-0.45 (2H,

m, 0.56-0.66 (2H, m, 0.96 (31-1, s), 2.48 (1H, d, J

= 9.0 Hz), 2.55 (111, d, J = 8.8 Hz), 2.74 (2H, d, J =

9.0 Hz), 3.59 (211, s), 7.21-7.37 (5H, m. M5 (HSI)

mz: 217 (M+H)+. 30[ 0244] 65 The crude

7-am no- 5- benzyl-7- net hyl- 5- azaspi ro[ 2. 4] hept ane was

di ssol ved in dichloronethane (15 nL), and after addi ng

ditert-buty] djcarbonate (1.255 5.75 mmol )
layers; YPGFeCARRIY r e ¥RSPEOnTtiEh a@%@érsﬁ%‘“‘rﬁﬁﬂ of
citrithecsdl v2nk) wasiteendeédx3s) byanti staturatiednagwelers solution
of socdeduCerlPrass W, xand,t badresisliowasidingi Ehepdiyus sodium

sulfa%bl i %t%‘zij ﬂt‘e?lla’t}gﬂ C@ﬂ@r@éﬁrﬁﬁqﬁg( QEEHEOJB rﬂ]ltr tlDI}. the

ano
solvegg(sw?@ Qs g‘ 2?% g ap)é%ﬁsure, and
the rééﬁ%’é@n‘@%\ﬁleftédll@ﬁl é§§e¥r @tre@@’ﬁ“ﬁ? k9| phkalyp71.8 g
of the024bdet] HddiyiRuindi0q 1WVHRRHEDCIH G Idpnti o, 4020t 4dn (dfH,72 to

78°c, M ,0f néaq 06552)(&;1 mloﬁe%% QrQﬁsé flenmono. 80- 0. 85
11, H s), 3 (9H s), 47(12, d, J =

1[0218Hz),259 1HdJ:95Hz) 83(1HdJ5—

H-NMRg @Q-QZ}V‘HZB §§C§3_L)I-ﬁ PRp: 357 (1119, @H Juk 1842 PR, s)

2.44 ©B8 111, d J = 13.2 Hz), 4.75 (1M, brs) . 7.20-7.37
[0214BH, M. NS (EST) niz: 317 (MrH)+ [a]D25"1 = -63.6 (c

[Referelg)cél%g{aﬁl orlg?orn) [02481 10 [Reference Exanple 26]
1-7-( ertabut o_ arbon no) - 7- th -2

[Ozl?ﬂrocedure of Reference Exarrpl e 25 was repeat ed by

usi ng
(+)-5-benzyl-7-(tert-but oxycar bonyl am no) - 7- met hy1- 5-
agasp{ rof 2. 4] hept an- 4 ong (YSONHID, 2.88 mmol) to

ObtyI Nycr ude _7-_ 20 Me
am@®o-9-benzyl- 7- met hyl'- 5-Cazadpi r o[ 2. 4] hept ane as a
colorless transparent oil. [0249] 1H NWR (400 MHz,

[022a0DC13) 5 ppm 0.37-0.45 (211, nm, 0.56-0.66 (211, m, ‘
88 -E3t}1 $)ace B {dFc1Gprdpan8crbbily1 4S5 2 gd. 50.0

mmol ) ‘]was %1% ed in a 7N solution of ammonia in methanol (300
mL}), and to this solution in an ice bath were added concentrated
ammonia solution (9¢ mL), ammonium chloride (53.5 g, 1.00 mol),
and sodium cyanide (4.90 g, 100.0 mmol). The mixture was stirred
at room temperature for 18 hours, and the solvent was concentrated
under reduced pressure. To the concentrate was added water (100
mL) , and the sclution was extracted with dichloromethane (300 ml +
2 x 100 mL). The organic layers were combined, and dried by adding
anhydrous sodium sulfate. After removing the dessicating agent by
filtration, the solvent was removed by distillation under reduced
pressure to cobtain 10.15 g {48.3 mmol, 97%) of the crude target
compound as a pale brown oil. The thus obtained crude product was
used in the subsequent reaction with no further purification.

[0221]
'H-NMR (400 MHz, CDC13}8 ppm: 1.02-1.12 (2H, m), 1.19-1.17 (2H, m},
1.48 (%H, s}, 1.50 (3H, s), 2.13 (2H, brs).
MS (ESI) m/z: 155 {(M-tBu)®.

[0222]



252.74 (211, d, J = 9.0 Hz), 3.59 (211, s), 7.21-7.37
(51-1, m. M5 (ESI) mlz: 217 (M+H)+. [0250] By using
the crude 7-am no-5-benzyl-7-nmethyl-5-
azaspi ro[ 2. 41hept ane, the procedure of Reference
Exanpl e 28 was 30 repeatedééo obtain 629 ng (1.985
mol, 3 steps, 69% of the target conpound as a
colorless transparent gumy solid. [0251] 1H NWMR (400
VHz, 88”1 0.40-0.45 (111, n), 0.50-0.55 (111
[Refergnce T e6 69 (111, n), 0.80-0.85 (1H, m), 1.20
tert-B@avl I1s)(1.2- dgame—lsnetMEtW Hz),
carboﬁyf&td1+t d J=9.5Hz), 2.83 (111, d, J 72 = 8.8
[0223%).3.33 (1H, m, 3.57 (1H, d, J = 13.2 Hz), 3.68
. (111 d, J 13.2 Hz), 4.75 (111, brs), 7.20-7.37 (5H,
. M5 (ESI) mz: 317 (MrH) +. [al,325'1 = +76.2 (¢ =
O 290, chloroform 5[0252] [Reference Exanple 27]
-7 tﬂH£ Butoxycarbonyl INpO) - 7- met hy1-5 azasplro[z
>f I@asolutlon of
-b nzyl 7- (tert yclarbonyl am no) -
nethyl 5-azaspirof 2. 4]heptaHEz(581 mg, 1.836 mmol)
i n met hanol (40 nlL) was added 10% pal | adi um car bon
[0224datal yst (M water content, 15 about 50% 349 ny), and
Hheasuameﬂsémnumﬁﬁmstb&reératbﬁfyﬂnifmuxumﬂnmre for 2.5
cyanodt@S -h0c RgceAll el rc_:?”%\”:ardlgmt'neﬁij

10 ethancﬁa%%sysddg flé&éﬁ%ﬂéy%h § mE;VGPthgE§IH?ﬂ%%E ¥alyst

(R-100 manufactured by Nikko Rica Corporation, 10 mL) in ethanol,
and the suspension was vigorously stirred at room temperature for
6 hours in hydrogen gas atmosphere. The catalyst was removed by
filtration through celite, and the solvent was removed by

15 distiliation under reduced pressure to obtain 0.84 g (3.92 mmol,
74%) of the crude target compound as a colorless transparent oil.
The thus obtained crude product was used in the subsequent
reaction with no further purification.

[0225]

20 Ms (BSI) m/z: 215 (M+H)™.
- [o226]
[Reference Example 21]
1-(1,2-Diamino-i-methylethyl)-1-cyclopropanecarboxylic acid

dihydrochloride
25 [0227]
:ﬁ/ Me > Me
. © NH, 0 NH,
2HC
[0228]

0.82 g (3.83 mmol) of the c¢rude tert-butyl 1-(1,2-dliamino-1-
30 methyl ethyl)-1-cyclopropanecarboxylate was dissolved in
concentrated hydrochloric acid (5 mL) at room temperature, and the
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di stillation under reduced pressure to obtain 434 ng
(quantitative) of the crude target conpound as a

col orl ess 20 transparent gunmy solid. [0255] 1H NWMR
(400 MHz, CDC13)5 ppm 0.38-0.43 (1H, m, 0.55-0.60
(2H, m, 0.74-0.80 (1H, m$71.08 (3H, s), 1.44 (911,
s), 2.75 (1H, d, J =12.0 Hz), 2.77 (111, d, J = 11.5
FE) 3.13 (1H d, J =11.5 Hz), 253.75 (111, brd, J =

Hz) , 44 (11- m.z: 227

1,
solut}G ppas Prirregahs phe j@“%ffmpa%aa}%ﬁoﬁﬁf f%z%—%}utes After
addlngpgatgnyﬁggtEﬁawppgtggq golution, the solvent was removed by
distilit o eiderButoxyearbosyd ard .NoThd - ted 1ide Sraazaspi rof 2
azeotré&ﬂﬁﬂh%n%lhgg§ZLd wilds BOG M1~ t%gce73to[6gggﬂn 0.82 g

53 8 Gt BB Bee ot e sgnppap gy = pele velion

foam golid hybs: BBas mhteTirnes ﬁéb‘?ﬁn@r‘(’ RS 1segl TAnbly

subsedquemetieantiob ¢dthmd fesiEddedri@Yepaidtadi um carbon
{ogzyptalyst (M water content, about 50% 376 ng), and

- NM%o%o%uﬁHens%ﬁ g/%s sm)rrego %f?t g}ﬁer@graltlﬁra G ),

urs in“h HEre. t hé
1-32-4 P m%(he 1sofvent? r Sovéd By (U st 1q%t|3ﬁ 4 Hz),
3.80 Uﬁﬁe@-rédacéa prdskure to obtain 452 ng (quantitative)
MS (ESH) tiYe.crusle trwrpet 10 conpound as a col orl ess
[o23d]r ansparent gummy solid.

[Reference Example 22]
7- (tert-Butoxycarbonylamine) -7-methyl-5-azaspiro[2.4]lheptan-4-one

[0231]

. NH, ' E—Boc
oZls . R
Me —
NH2 H
2HC)

[0232]
To a solution (70 mL) of the crude 1-(1,2-diamino-l-methyl

ethyl) ~1-cyclopropanecarboxylic acid dihydrochloride (800 mg, 3.46
mmol) in acetonitrile was added 1,1,1,3,3,3-hexamethyldisilazane
(7.38 mL, 34.6 mmol), and the mixture was heated under reflux in
an oil bath at 100°C for 4 hours under nitrogen atmosphere. The
mixture was cooled to room temperature, and after adding methancl
(70 mL), the solvent was removed by distillation under reduced
pressure to obtain crude 7-amino-7-methyl-5-azaspiro[2.4]heptan-4-

one as a pale brown gummy solid.
MS (ESI) m/z: 141 (M+H)™.
[0233]

To the thus obtained crude 7-amino-7-methyl-5-
azaspiro[2.4]heptan-4-one were added 1,4-dioxane (20 mL} and di-
tert-butyl dicarbonate (1.528 g, 7.00 mmol) at room temperature,
and the mixture was stirred at the temperature for 5 hours. Water
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[0259] 1H NMR (400 MHz, CDC13)5 ppm 0.38-0.43 (1H,

m, 0.55-0.60 (2H, m, 0.74-0.80 (111, m, 1.08 (3H,

s), 1.44 (911, s), 2.75 (1H, d, J = 12.0 Hz), 2.77

(1H, d, J = 11.5 Hz), 3.13 (1H, d, J = 11.5 Hz),

153.75 (111, brd, J . 12.068z), 4.44 (111, brs). M

(ESI) mz: 227 (MtH)+. [a]i)25'1 = +59.5 (c = 0. 185,

chl orof orm) [0260] [Reference Exanple 29] 20
(50 mﬁjLé%égﬁgt B%kpé%ggrEgggéfggigyxgérgEth%é ghg%%f'éLp %ﬁs
extragidd owithyohd.orof LR 2890 2uE | T &yd |- o pFlepy] I8 e LRERYS
were cdm¥inedidndlie-i4dox0ahi athydends cadhaxnysitfaceéd MB261]

de531ég (t%?nt wggl?@mﬁ&%% aﬁﬁ%ﬁ;atlon throu%h a short silica
gel gl 1% FrnspLin 8 Gy B ¥ LiTRcion undsy

reducgdggquFupp 83@1¢ﬁhy§ether was added to the re51due, and the
resul bidg divddpeorsdob- Wb RE25)eRed |worcddpdhoppdpyd] (B-09 Takol, 2
steps MBEMOX Y5l t4redicBY L 0- domX Qi Q) iangnh3teapbeaytic acid -
[023 i fl uoroboron conplex (663 ng, 1.836 mmol), and
3 rleth | am ne io 768 L, 5.510 mml) wer e di ssolved in
H-NMRyj (#00h i zg |y CPE ki Ide BES :mL 9 - 7ARY- §hel T xUre Wdé -4t PFr bef ™
1.16-1mAn(161.| mat B-28 48C Tor. 14 4%0UPE, B)To3th? f¥hctd.of =
10.3 maxt ugrazvve(za ,afideds asm xad, d«t,i 6nge501HL)boé) et hanol
B er t hangl,y+ water, 4:1) and triethylamne (5
Mfoz(ngL %d t he mxtur)e was heated under ref lux in an
| bath at 100C for 2 hours. The reaction m xture was
[Refexenge &o1W&®Aer 48&d under reduced pressure, and the
5 - Ben#elsi THAe emdis bk espd aaidonyi astimg) ~Jemeabgl( 300 nl), 10
azasp 2Rl was ke ruht b- aR% aqueous solution of citric acid
(0234120 ML), water (50 nmL x 2), and saturated aqueous
sol ution of sodiumchloride (50 nL). The organic |ayer
was dried with anhydrous sodium sul fate, and the
sol yent was renpved Ry distillation under reduced
re “@P‘é to obt WOBQ?Q (1.676 mml, 91% of the

&et ar get corrp 7]

H1

{02371 ,
To a solution (65 mb} of 7-(tert-butoxycarbonylamino)-7-

methyl-5-azaspiro[2.4]heptan-4-one (3.12 g, 12.97 mmol) in
dimethylformamide in an ice bath was gradually added sodium
hydride (55%, dispersion in a mineral oil, 538 mg, 12.33 mmol} in
5 minutes, and the mixture was stirred at the same temperature for
40 minutes. Benzyl bromide (1:851 mL, 15.56 mmol) was added, and
the mixture was stirred at room temperature for 1.5 hours. The
reaction mixture was diluted by adding ethyl acetate (300 mL), and
the solution was washed with water (100 mL x 2) and saturated
aqueous solution of sodium chloride (100 mL). After drying the
solution with anhydrous sodium sulfate and removing the
dessicating agent by filtration, the solvent was removed by
distillation under reduced pressure. The residue was purified by

silica gel column chromatography {hexane : ethyl acetate, 9:1 —



15 a yellow foam solid. [0263] 'H NVR (400 MHz,
CDC13)5 ppm 0.55-0.60 (111, m, 0.68-0.73 (1H m,
0.74-0.80 (1H, m, 0.92-0.97 (111, m, 1.22 (311, s),
1.40 (91-1, s), 1.43-1.59 (21-1, m, 3.13 (111, d, J =
9.8 Hz), 3.60 (311, s), 3.%8% 20(1H, dd, J = 11.0, 3.7
Hz), 3.85 (111, dt, J = 10.2, 4.5 Hz), 4.18 (111, d, J

:1OOHz) 447(111 m) 462(111 s), 4.79-4.99
111, d, J

Hz
21 51 i) otatadt (1 B 13%b7d) Tk (B G $hessgtect
compoyng s 2 2353[1@]'-”25% Eraflsaé@@f{tc gamTY2&911@hl orof orn
[0235{}0264] [ Ref erence Exanpl e 301
g/ - (afol bt - %E?%W%R‘mybaf%ftﬁ))gﬂ (et hyl-, 5Da§§39'6@[?2}1 m),

4

5 1.21- :§/] {%nuo?é 1: ;Zlf-?g%’S) Z2- f3l uoro%&tl%br%p_lj] 83 Hz 3 9 B
3.98 1iH4m) 3¢ -dithydfe- 9 odotuthot iH-3 4cz§r5bd>%§‘l'| g a‘El 1% w2,
4.56 [D268jrs), [70286F-3F5(5H, m). The procedure of

ms (ESef efencesfxampi:n 29 was repeated by using the crude
[o23dy?t) - 7- (tert-butoxycarbonyl am no) - 7- met hy1- 5-

]
azaspi_ro[ 2.4] ane produced in Reference Exanple 28
[Refe [mi’l@SEEﬁnD and

(~)- 5'63671?d41f—l7ud*r3§r'¢ bmuwmﬂ@vﬂmlﬁmaabr?ﬂm?m@ng- 5

azasp it [paxy heépdadi hyci®-adhdxiaquisrbennel 37 clrdyoxyl i c acid -
butoxyidHeeRABREAB) C@“ﬁéﬁﬁyﬂiguézﬁgplio$§14Tﬁ@ﬁﬁaﬂJZ -Qhkai n

The, ric ﬁu@ﬁ? cgfol5|9 é%%f%; 62 i%ﬁ@%%%%%%&b%ﬂ%%fﬁo) ~7-

15 methyyjﬁ:fgy pbﬁﬂ12 el a8y 4 (fff p uge@gl ﬁfample

23 (2.254 g, 6.82 mmol} was optically resolved in an optlcally
active column (CHIRALPAK AD, 20 mm diam. x 250 mm; hexane:
isopropyl alcohol, 90:10; flow rate, 20 ml:/minute; resolution, 50
mg per run) to obtain (-)-5-benzyl-7-(tert-butoxycarbonylamino)-7-
20 methyl-S-azaspiro[2.4]heptan-4-one (997 mg, 3.02 mmol, retention
time = 7.0 minutes, [a]lD?®*! =-113.9%° (¢ = 0.180, chloroform)) and
(+) -5-benzyl-7- (tert-butoxycarbonylamino) -7-methyl-5-
azaspiro[2.4]heptan-4-one (957 my, 2.90 mmol, retention time =
© 11.3 minutes, [0]lD = +108.8° (¢ = 0.249, chloroform)).
25 [0240]
[Reference Example 25]
(-) ~5-Benzyl-7- (tert-butoxycarbonylamino) ~-7-methyl-5-
azaspiro[2.4]heptane

10

[0241]
30
H H
N—-Boc N—-Boc
j—s—r\ne - Me
—_—
Y L

Ph Ph

[0242]

' To a solution (15 mL) of (-)-5-benzyl-7-(tert-

butoxycarbonylamino) -7-methyl-5-azaspiro[2.4] heptan-4-one (950 mg,
35 2.88 mmol) in dichloromethane at room temperature was added
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100.91-0.97 (111, nm), 1.21 (311, s), 1.40 (9H, s),
1.53-1.68 (211, m, 3.04 (111, d, J = 10.0 Hz), 3.61
(3H, s), 3.81 (1H, dd1107 4.4 Hz), 3.87-3.93
(11-1, ), 4.24 (111, d, J = 9.8 Hz), 4.46 (111, m,
4.65-4.85 (211, m), 7.83 (741, d, J = 13.4 Hz), 8.76
(111, s). M5 (EST) mz: 520 (MtH)+. 15[a]r)25'1 =
+133.2 (c = 2.230, chloroform [0268] [Exanpl e 91

trifl{%}zg{éé/_\e@ic aCJ.gEt l;yél n?L)azaS |r Ezmlxpg éamr:]ass tlrre_d agothe

‘same feugerEpure. fpyof @ cYErUopy The SsPhisitk yaE, FeuPHedriy 4-

distiPlriokeoquindelki nedlecednbmesire .acifterf Q26 ropifARTP]

dist i 2B thel éolheibn b&&@)ﬂ‘cﬁh’éﬁ@yl LAY - 7sd@1ﬂ§t%d5aqueous

sorue fERGH Bt ol DBt Stematntob bing LR 2" ana che
uoT 0CYCl Opro £SeSqufhs FR

solutjorg W%PBB%?FF% a"@r‘bh pﬁb&él’ﬁeéer!“n(ﬁé‘? é?IerT't:@ E’xa’f &) 29 The

organi{@7hveys YebF6compinedrasndi dyobdeditn adnchmusatedium

sulfateydr ﬁﬁbé@fi&ncaﬁjr@ 6:1;@ Hbassicﬁatsﬁlgarageeﬁ bot i18Agide the
solverfg el %e%@eﬁt _OLght Sﬂgf\! afé&xﬁ:éé’ %g%@sﬂk@m %e

r a us
reeia b SR SO AT 4 af Pas GRFIDG Ahe BRELEns
stirring dhej gohuticer Batdh fiecaliptiBt thHehibm edurdngn Bridride

(218 wpH wWag4f undherwadjaskiceld tbot e debyutaicei ,n gy dhechbbut Ton
was stdGhdd Zhersol hhon peraxhractss 1 1.t hage 8 X@hing

anothe%:og%%ltggn(gplJﬁfﬁ'flq{ﬂna]luﬁgﬂl%nﬂ%drf&e 1910(9291% g% ? 2%11101)

d "sol

and Strh_r)'fl(lghF%? A LM Bt RER CoRRRERCUTE 307 2
solutigngaascitayerslager @ndowbiaed (@il dilied lvﬁrt ﬁqaﬁhyﬂjrmbltlon
of soddadi hpisckidd e(0.@1dnihe andvesied WADIY emDVedrbycarefully
added q_hsﬁshhéa&f@ék Thee! PSLEHAS WA RYLE 6ds b%tlrred overnight
at rodf e%r (ygst alt|rzeat|(§10n frorq:gt hanI(l)IsH{indsutJL e crystg s aere o
pressur%? Obt Al §24
to fllfﬁ‘fﬁltlo’gz‘@/‘ar%’fgl} [Feliter e W&faﬁ Haﬁa‘F%mbﬁ’Wated under
reducegoptessufd X7l jobl@ ipp the 98x @Y -amino-5-benzyl - 7-methyl-5-
azaspiro[2.4}lheptane as a colorless transparent oil. The thus
obtained crude product was used in the subsequent reaction with no
further purification.
[0243]
'H-NMR (400 MHz, CDC1;}8 ppm: 0.37-0.45 (2H, m), 0.56-0.66 {(2H, m),
0.96 (3H, s), 2.48 (1H, 4, J = 9.0 Hz), 2.55 {iH, 4, J = 8.8 Hz),
2.74 (2H, 4, J = 9.0 Hz), 3.59 (2H, s), 7.21-7.37 (SH, m).
MS (ESI) wm/z: 217 (M+H)".
[0244]

The crude 7-amino-5-benzyl-7-methyl-5-azaspiro[2.4]heptane
was dissolved in dichloromethane (15 mL), and after adding di-
tert-butyl dicarbonate (1.255 g, 5.75 mmol), the mixture was
stirred at room temperature for 22 hours. The solvent was removed
by distillation under reduced pressure, and the residue was
purified by silica gel column chromatography {(chloroform :
methancl : triethylamine, 98:2:1 — 95:5:1) to obtain 586 mg {1.852
mmol, 3 steps, 64%) of the target compound as a colorless

transparent gummy solid.
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[ ab25.1+40.8 (c = 0.147, 0.1N NaOH). 11-1-NWR (400

MHz, 0.1N NaOD)5 ppm 0.49-0.56 (2H, m, 0.67-0.76

(2H, m, 1.12 .(3H, s), 1.43-1.64 (2H, m, 3.56 (3H,

s), 3.59-3.71 (4H, m, 3.99-4.04 (1H, m, 4.80-5.03

(1H, m, 7.65 (1H, d, J - 1B.9 15Hz), 8.45 (1H s).

El enentary analysis for C211123F2N304075Et OHO. 51-120:

Calculated: C, 58.37; H, 6.20; F, 8.21; N, 9.08.

ound: C, 58.23; H 5.99; F, 8.09; N, 9.02. M5 (Hl)
[0245ky7: 419 (M. 20 IR (ATR): 2964, 2843, 1726, 1612,
'H-NMRL5220 ¥B37,CDAE2S pé89, U380 39::56le13¢6, 033950 112:94(,1H m} ,
0.63-0.260, (1120%A) ¢b . 8§ 027/ (pExanpl .40] (3H, s), 1.43 (9H, s),
.44 F:ﬁ?&mcrno §- geily 1-5-57a3p, " 6 2541 heps annB- wlksbikilios, o

)’1I3 fég(kalrﬂl 'rocfcl O(F}IHO g 8% et Hoxs Z)I 3- glsh)s%lH d, J

13. 21 Z Joxdqd néM{neb@}oar"béﬁyﬁ aé?lél ['@273] 30[ 0274]
MS (ESIhe npizocexiut e(I»iafH)Exaan e 9 was repeated by using the

[alp25 % L7263 .6° (¢ = 0.129, chloroform)
[0246(3} ert - but oxycar bonyl am no) - 7-net hy1- 5- azaspi r o[ 2. 4] hep

[Refel?elntf(?r g&i ??LR?(Q]?,) 2-fl uorocycl opropyl ] - 8- met hoxy- 1, 4-d

{(+) -S-Bendiye -4 - (osvtbyisvrer@onsl oiagd]l ¢/ awdtdydradduced in

azaspﬂef{aremhepampl e 30 77 (1000 ng, 1.925 mmol) to
[o2¢7@btain 649 ng (1.546 nmmol, 80% of the title conpound
as a pal e pi nk powder. [0275] _

Ph Fh

t\J

[0248]
The procedure of Reference Example 25 was repeated by using

(+) -5-benzyl-7- (tert-butoxycarbonylamino) -7-methyl-5-
azaépiro[2.4]heptan—4—one {950 mg, 2.88 mmol) to oktain crude 7-
amino-5-benzyl-7T-methyvl-5-azaspiro[2.4]heptane as a colorless
transparent oil.

[0243]
H-NMR (400 MHz, CDCl3)8 ppm: 0.37-0.45 (2H, m), 0.56-0.66 (2H, m},
0.96 (3H, s}, 2.48 (1H, 4, J = 9.0 Hz), 2.55 (1H, d, J = 8.8 Hz),
2.74 {(2H, 4, T = 9.0 H=z), 3.52 (2H, s), 7.21-7.37 (5H, m).
MS (ESI) m/z: 217 (M+H)".

[0250] '

By using the crude 7-amino-5-benzyl-7-methyl-5-
azaspiro[2.4]heptane, the procedure of Reference Example 28 was
repeated to obtain 629 mg (i.985 mmol, 3 steps, 69%) of the target
compound as a colorless transparent gummy solid.

[0251]
H-NMR (400 MHz, CDCli)d ppm: 0.40-0.45 (1H, m), 0.50-0.55 (1H, m),
0.63-0.69 (1H, m}), 0.80-0.85 (1H, m), 1.20 (3H, s), 1.43 (94, s},
2.44 (1H, 4, J = 8.8 Hz), 2.59 (iH, d, J = 9.5 Hz), 2.83 (1H, 4, J
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mp: 211-214C. 5[a]D25'= +128.8 (c = 0.163, 0.1N NaCH)
1H NVR (400 MHz, 0. 1N NaOD)5 ppm 0.52 (211, n), 0.73
(2H, m, 1.07 (311, s), 1.42-1.64 (211, m, 3.45 (111,
d, J =10.3 Hz), 3.52-3.56 (111, m, 3.55 (311, s),
3.73 (1H, dd, J = 10.0, 2.Z2Hz), 3.85 (111, d, J = 9.0
Hz), 3.99-4.04 (111, m, 4.82-5.02 (111, m, 7.64 (1H
d, 10J = 14.4 Hz), 8.45 (1H s). Elenmentary anal ysis
for, C21E123F2N3041. OEf 011-0.51120: Calcyl ated: _C,

- 5.5 o3 g Gy Tk B LR, & 88, o, Sacgp {1y 4 0

= 13.35Hed;, K-78. O5H, Nor®.,07.. 2087(-BF) (P z:m)1419 (r). 15IR

MS (EIATR)/=:29¥07 @848)'.1726, 1614, 1577, 1537, 1452, 1439,

[a]D25.13=89+ 613260(c1§5d":2ﬁ§lﬁlzyhl%%%§orﬁl?65’ 1215, 1203 cm 1.

[025 [02761'[Exanple 11
2'}-(7-Am'no-7-msthy1-5-azasoiro[2.4]heptan-5-y1)-6-f|uo

[Refenepnop Exapple 27]

(=) -7 {{(ER 2Bt Bx¥tamauyicindmod py the Bayiet hraepsbidodR hyHeepane

[oz2s39xogui nol i ne-3-carboxylic acid hydrochloride [0277]

25[ 0278]
7-[7-am no-7-net hyl-5-azaspiro[ 2. 4] hept an-5-y1] -6-fl uo
rq;! [ (1R 2S)-2-fl ugrocycl opropyl]-8-nmet hoxy-1, 4-di hydr

0-M=Booxogui nol i.Ae- B-8ar boxylic acid in which
%egnsﬂé guration ga—«imleam' no group in the substituent at
sition 7is thke.sane as the one 30 produced in

Eéfnple 9 (18.07 1y, 39.4 nmol) was suspended in
Hhanol (54 nlL), and 1N hydrochloric acid (43.4;n,
43.4 mmol ) was added to the suspension at room
fo254f enperature. Isopropyl alcohol (180 nL) was then
@ddgdso Bt drhe i (x) Us eb¥Aasy 517 4 (ed-ti-Bugowpt erbdyat Yandhno) -

7-meth9?Csl Q8o SONE, i 18 dBthhe P BEL Rid, 218G 28U AR 1 B £t hanol
{40 mL) was added 10% palladium-carbon catalyst (M; water content,
about 50%; 349 mg), and the sugpension was stirred at room
temperature for 2.5 hours in hydrogen atmosphere. After removing
the catalyst by filtration, the solvent was removed by
distillation under reduced pressure to obtain 434 mg
{quantitative) of the crude target compound as a colorless
transparent gummy solid.

f0255]
*-NMR (400 MHz, CDCl3)8 ppm: 0.38-0.43 (1H, m), 0.55-0.60 (2H, m),
0.74-0.80 (1H, m), 1.08 (3H, =), 1.44 (9H, =), 2.75 {1H, d, J = .
12.0 Hz), 2.77 (1H, 4, J = 11.5 Hz), 3.13 (1H, d, J = 11.5 Hz},
3.75 (1H, brd, J = 12.0 Hz), 4.44 (1H, brs}.
MS (ESI) m/z: 227 (M+H)*.

[@]lp?®*?* = -63.5° {¢ = 0.277, chloroform)

[0256]

[Reference Example 28]

{+)-7- (tert-Butoxycarbonylamino) ~7-methyl-5-azaspiro[2.4] heptane

[0257]
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78 thoughly turned to crystal. After allowing to stand
at roomtenperature for 1 hour, the crystals were
collected by filtration, and washed with a snal
anmount of isopropyl alcohol (twice). The crystals were
then dried under reduced pr&ssure to obtain the 5
title conpound 12.91 g (27.2 nmol, 69% as a yell ow
powder. [0279] np: 226-228C. [al D25.3. = +41.10 (c =
0.347, 0.1N NaCH) 1H NWVR (400 MHz, 0. 1N NaOD)8 ppm
0.49-0.56 (2H, m, 67-0.76 (211, 10m, 1.12 (311,
) ,NdBo43- 1. 64 (2H, Bod. 56 (311, s), 3.59-3.71 (411,
Me 99- 4. 04 (%%Tjgwb 4.80-5.03 (1H, m, 7.65 (111
J = T3 9™Hz), (8. 45 (111, s). Elenentary analysis
fgr C211123F2N3041HC1' 11120: Cal cul ated: C, 53.22;
H>~&, 53; F, 8.02; N, 8.87; O, 7.48. 15Found: C
53.01; H 5.52; F, 7.90; N, 8.71; d, 7.53. [0280]
[0258Exanpl e 12] 7-(7-Am no-7-neth 1-5-azas iro[2.4]he
199-3 éahﬁ:lfdﬂ»'%'fo'(lj -5-benzyl-7- (tert-butoxycarbonylamino) -

7- metégi'% fﬂoufgr %?\ﬁg%ggﬁg pYéﬂ? %ﬂgﬁe tlh g)é).( ﬂ;ﬂl‘nél F' d:m/ e%h%nol

(40 mf_.bzxgaloqucll 21592 palladlum carbon catalyst {M; water content,
about 285 7274 enq)-,B@pdxybar Posiyd mgiarp Jwap- gt hygdsat room
tempefdtspd 2 .54 HaepkannShydteded ldt@ic@phelel R 28 )er? removing the
catal{/:ls&loﬁ%é’ Cédiﬁ;re%yaalas r&ﬁ&x@%ﬁo}l dﬁs@':_ﬁigf:@oﬂ &M&U'xré%ﬂc@:d

d t
pressyE T MRS BR, M RO rBAF R L RE. SOBstTYTer et
Compoﬁ%%l%ﬁcﬂwcP%Q§lﬁﬁ§ Bﬁa%%EﬁF%ﬂ¥tﬂﬂ@mﬁnéoéiéduced in
[025Fxanpl e 9 (267.2 g) was suspended in isopropyl alcoho

1H NMK3kd@0LNHzanéD@NﬂQV§&ﬁﬁh|@r3§ @cdd (1405wl 025630n@é)(2H m),
S74s tl rre%Ed t)oht-l—h8 at ?sgll I-|!%Ht h§)33§P’?§SS Stl rre

12.0 ) 4 175 ol e?amfle TSul g A at )

3.75 QH,O\MI'@Q Jo= Cégyot%z)(ooqnllti (1H brs) .

MS {ESI) m/z: 227 (M+H)*.

[@]p2®? = +59.5° (¢ = 0.185, chloroform)

[0260] '

[Reference Example 29]

7-[7- (tert-Butoxycarbonylamino) -~-7-methyl-5-azaspiro[2.4] heptan-5-

yvl]l -6-fTluoro-1-[{1R,28)-2-fluocrocyclopropyl] -8 -methoxy-1,4-

dihydro-4-oxoquincline-3-carboxylic acid

[0261]
Q ' 0
F COOBF, COCH
BmHM%T§>. |
+ F _—
: " B@
[0262]

The crude (-)-7-(tert-butoxycarbonylamino)-7-methyl-5-
azaspiro[2.4]heptane produced in Reference Example 27 (434 mg,
1.836 mmol), 6,7-difluoro-1-[(1R,2S)}-2-fluorocyclopropyl]-8-
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79 tenperature, isopropyl alcohol (2.4 L) was added.

The reaction vessel was cooled in a water bath at 5C,

and the m xture was stirred at the sanme tenperature

for 13 hours. The precipitated crystals were coll ected

by filtration, and after &4r drying for 5 severa

hours, the crystals were dried under reduced pressure

at 40C to obtain 223.3 g (471 mmol, 92% of the target
methoxg'Igp%gg%E}? & ty ec:!o}s‘!o%\ll.\lll g\i\grelé 3 [coazr %}Q}lﬁ%f g.lé:egc? Exanpl e
diflucgolperhy leuwbax UH6ERITL- bheh§ | enddl.] gy srigthyBandner
(o.7ssb@m.yl at 810 [AR8Y)] wde) @ sehl GeiisOnedire sty TheildorsdeB(5 mL},

and th ggéie W s =} r-£ dalﬁoé.ﬂtéff‘ H%Itﬂr%.tthﬁlo"c for 14 hours

To the ﬁS Je‘i’IM”] FEFna‘éd?‘? % 4} X@flylsg ¥EE98. 559 "o

ethanoﬁcnrensi Rl e ermamédu dea¢y. 44 ), 4560 FfﬁﬁFB‘YiL?%“lne (5 mL):
and théi mekbytd aranmmede eluhder sosfum Hydendeidi hathlgat 100°C for
2 hour&ont@ ,reéé%ioﬂxlmx?b@ttﬂre 3@.@; k) c@ﬁ@eﬁ@r@i@tﬂdﬁide}t reduced

pressu@?deg%c?n l‘?e 'ye%lﬁi%% @%L 5%{5%&‘?} léE:ﬁleAgggéatc’é ' (Zrdong'lL) .

era ure
ﬂ?%fﬁ , water

ours, et h

and waghed g ) SaFO08 AR eI (e SO0 6
(50 mL58%%) 6. emd gatmtnﬁoaquW% Fakutien afdegdimnchipride (50
mL) . TneadﬂganWa31ayEfraabfdnle@n@hheraﬁhh@mmms skhiureaclifane,
and thfl é&w&eﬂ%sa%%@vge ﬁﬂgwqu%%ar LRaaei feddcdd pPriessure
to obt§§ t%})'d &% ?73?}1?%0 aye t\?/gfr \é\;nhz:eg gl ﬁégtgf @tce%ngéu!nd as
a YellﬂFtFP%%u%ﬁ' i L x 2) and saturated aqueous sol ution of
[0263kodium chloride (1 L), and dried with anhydrous sodi um
1-nMR SH dAbEsz, Alben , Y& Pw:Ngot be-slessi cat,i iy ,ageris-by73 (1H, m),
0.74-0fbbtiAtl qf, bhggselyﬁrwlﬂma reﬂD%Qd(QM distiilafi@m, <),

B L AR

colum
(1H, d@hrdratidgiPaphy 7( Hékane- 35e@%&| eFaFelOS@fzbfi%“@7:é318
{1H, d;*J50:180 0 1z33: 6737t OLBObtmEi N 4sEer ddHs ovkr s4 a1 -posist i(BH.,
am), 73s9f(theditle compownd (stedr qausoapragA: 197 86)g (14658
(0. 7H, , 38@@ as a pale yellow oil, stereoisomer B: 20.22
%?% 7’ T 39% as a 35 pale yellow solid, and a

MS (EST} JAfre 5? {%¢%%ISOHEYS A and B. 9.69 g (37.1 nmol,
[@]s** 199 128- % pgal e §eRtow dilorofe@m)

[0264]

[Reference Example 30]
7-[7- {tert-Butoxycarbonylamino) -7-methyl-5-azaspiro[2.4] heptan-5-~

vl] -6-fluoro-1- [ (1R, 28) -2-fluorocyclopropyl] -8-methoxy-1,4-

dihydro-4-oxogquinoline-3-carboxylic acid

[0265]
O O
COOBF, CO0OH
BocHN%—?
e
ﬁ E DQ( OMe

[0266]
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[0286] Stereoisoner A: 2H NWVR (400 MHz, CDC13)8 ppm
1.21 (31ff, s), 1.52 (31ff, d, J =7.1 Hz), 2.31 (1H
d J=16.8 Hz), 2.73 (1H, d, J 10.0 Hz), 2.95 5(1H
d J =16.9 Hz), 3.69 (1H d, J 10.0 Hz), 3.72 (3H,
s), 5.51 (1H, q, J = 7.2 Hzp, 7.26-7.37 (51ff, m. M
(ESI) mz: 262 (M+tH) +. fal D25"2 = +90.1 (c = 0. 350,
chl orof ornm) Stereoi soner B: 10 1H NI\/R (400 VHz,
CDC13)8 ppm 1.39 (3H, s), 52 (3 =7.1 .
oThs yuagedyre)of Referepge Ezw%’l(em9 syt ag | mf) using
the cBu@® (A1J- derd- bul@XﬁC&tbOHKﬁ&ﬁiﬂ@1H7 -~gdetlyE-30. 3 Hz),
azasp%r@ﬂ-z (BHp ta%}Ee p505ﬁcéd-1%n I%bfe]:eﬂc% 8xildle 7285¢46230g,
1 osniior Plangh® g i oo, PP gy B B o by o
f% % Ydro oxoqul oline oXyLic a01
dzfluqr@bcrmn Tomel Ryl {B15xeg 1-1 (F)L TmphdnyP eolpisd dbya 108 i9di(A - 925
mmol, - 87%) YWE cdebexybat ea2ddf O 288oul08EMe 09€L Maw MbanD s\Wllid.
02 GﬂhPh i somer Aisoner A [0289] To a solution of the
1H-NMR tr(])yo zr,nSt h¥}3)% %)é%':l'ng.(@-'olfso (1H, m), 0.68-0.80 (2H, m),
0.91-0.97 (1H, m), 1.21 (3H, =), 1.40 (9H, s}, 1.53-1.68 (2H, m),
3.04 (1H, 4, J = 10.0 Hz), 3.61 (3H, s}, 3.81 (1H, dd, J = 10.7,
4.4 Hz), 3.87-3.93 (1H, m), 4.24 (1H, 4, J = 9.8 Hz}, 4.46 (1H, wm),
4.65-4.85 (2H, m), 7.83 (1H, 4, J = 13.4 Hz), 8.76 (1H, s).
MS (ESI) m/z: 520 (M+H)*.
[a]p2®'! = +133.2° (¢ = 2.230, chloroform)
[0268]
[Example 9]
- (7-Aminc-7-methyl-5-azaspiro([2.4]lheptan-5-yl} -6-flucro-1i-
[ {1R,28)-2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid

[0264]
o 0
F . I CO0H F COOH
|
7N - N .
_ OMe A F - OMe! F i
NH NH, '
Boe
[0270]

The 7-[7- (tert-butoxycarbonylaminoc) -7-methyl-5-
azaspirc[2.4lheptan-5-y1]-6-fluoro-1-[{1R,28)-2-
fluorocyclopropyl] -8-methoxy-1, 4-dihydro-4-oxoquinoline-3-
carboxylic acid produced in Reference Example 29 (870 mg, 1.676
mmol) was dissolved in concentrated hydrochloric acid (10 mL) in
an ice bath, and the mixture was stirred at room temperature for
20 minutes and washed chloroform (20 mL x 5). Saturated agueous
solution of sodium hydroxide was added to the agueous layer in an
ice bath to adjust the pH toc 12.0, and the pH was further adjusted
to 7.4 by adding hydrochloric acid. The solution was extracted
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25 phenyl et hyl ] pyrrolidin-3-yl -carboxyl ate

(stereoi soner A) produced in Reference Exanple 31
(19.86 g, 76.0 mmol ) and hexanet hyl phosphoric triam de
(30 m.) in tetrahydrofuran (300 nmiL), a solution of
l'ithiumdiisopropyl am de 7& heptane, tetrahydrofuran
and et hyl benzene (1.8M 63.3 i, 113.9 mmol) was 30
gradually added in 15 mnutes at -78C. After stirring

ture at -78C for_30 n1nut th i .odjd 12
with §NLAaD SOREAPY (o e Ty oBbebanal {1k Daretd bt
and themperidiudeven layed mf a5 mmcfetde;sozt,tltmm np & mI8C f or
{chlodoftait ,: tle€hahal UF ewatsr quenched blheaddigagisat dayatediere
corrﬂolﬁ"é&'eéﬂas $SQLH ;9P of nAPII U @oaﬁh{ar étgffa(tjego dHe) thEN8oBBent

24 98 BLUT e vas, exiracted wd b, ef byl acehate (300

was r?ﬁ_ve d “8F-* %?ganlc | aVer“was Washéa ? Yat er
recryq@aﬂ}qﬁ@t%og)faﬁa ANt e @ G@éu@r%%ﬁ%kﬁ(ﬂ?ﬁﬁ:@§68@uﬂ¥der
reducehlporeissare200 obdairifader mdr Vilng3si thoanBadnows sbdi title

compOLﬁ‘LH faat @, phhhe gessigalddid agent was renoved by
|Itrat|on and the sol vent was renoved by

(027 &IStI||atI0n under 5 reduced pressure. The resulting
mp:  18pndBCYr-oduct was purified by silica gel colum
[alzséh¥0ﬂﬁld@réph7 ¢ hexand .1Ne®a@H) acet ate, 90:10 -* 85:15
'H-NMR- (480: 20}, t®, 0btaiob)§0ppR: g ©f4d-he s5ki tlza Cﬁnpowrwv(cavs (2H,
m), 1 mzxt(@hesef S% leief-oj. SRR, lofn p8[§lo 5% 8513 Elgnh 71 (4H,
o A e el BT L 50
Hz), 8 4k5. (iHSGS)(s 811, n), 1.64-1.75 (1H m, 1.80-1. 85
Element@r¥lsnahysi o (Q:IB8ATN-04 0] 75E60R HAH02. 61- 2. 65

Calc{lléﬂedm c, Be8317(0u2H.d0; F,=s722;Hr),9&65 (0.211,d,

Foun c9 %a 3y z?r 62 49, 131%0% &,=918,0 Hz), 153.699
S (EI%? 9,5%1 04(0 611, 's), 5'.50-5.56 (111, m,

rr%. ESI) mz: 290 (M 0291]
IR (ATRRef e?%frﬁoe 2I§>€=énp

2831 1572, 1537, 1452, 1439, 1387,

1360, 43E6hy13Biretdndl- 3-26%0- lzp?F&mprhenylethyl]pyrrol|d|n
[027213- yIcarboxyllc acid [0292]

[Example 10]

7- (7-Amino-7-methyl-5- azasp1ro[2 4] heptan-5-vi) -6-fluoro-1-
{{1Rr,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid

[0273]
. o . o
]:J\\Jj, F COOH
|
- N
OMiXVF
N
Boc Fk
[0274] '

The procedure of Example 9 was repeated by using the 7-[7-
(tert-butoxycarbonylamino)} -7-methyl-5-azaspiro[2.4]heptan-5-yl] -6~
fluoro-1-{ (1R, 28)-2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid produced in Reference Example 30
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isomer A HOOC Me 2, "I'Ph isomerA 25[0293]
To a solution of the nethyl
4- et hyl- 3- net hyl-5-oxo-1-[ (R) - 1-
phenyl et hyl ] pyrrolidin-3-yl -carboxyl ate (stereoi somer
A) produced in Reference Exgnple 32 (10.63 g, 36.7
mol ) in tetrahydrofuran (330 nL) and net hanol (110
rrL) 2N aqueous sol ution of sodium 30 hydroxi de (110
20 mmol ) was added at room tenperature, and
<1000mn§t u%e9%%§m§ﬂ1>rrted°bﬁa% 319 htH -2AC60rCL or 855 ) ' the
titlehogmsouiTherg @agkilenpinkt ppedstas concentrat ed under
[o278pduced pressure, and after addi ng concentrated
p : %Hyldrﬁch oric acid to the concentrate in an ice bath
~ ,el,0F "acl |f|cat|on the mxture vvas extracted wth 82
[2]o*°ChFordfBr # (S0G A:1832 % ¥BA3HB) - The organic | ayers
H - NMRyvet4ed Oc dzi, n8d 1N alieioRrd @tmwi t & Shhipdr oo » sBd7in{2H, m), 1.07
(34, s))fate-1Afeer(2HeMY| Ng. 4Me(IdBssi,cat Enyo agemt) pYB.52-3.56
(m hiltsadd onyg the sel venhmasddermweqobw dQSﬁ'IJlé at i:0Bs (1m,
g unger .r du%e pre ? rfﬂt obt4a| @) 64 (1H, 4,
%quantl a(tlve é e title corrpcgun’d s’ p al e
rovifsold-¢> 'ﬁ%@'c?hde product was used in the
Elemesmmsneaéproﬂzzmﬁhmm T WPEHET 0pBHiT:i cati on.
Calduld®4l:' He NMR .(>4Q0 ayHz , 3 €DGE 3) &. q:ztprrm 1808s1. 08 (3. 6H,
Fou & 2%30224@ 233108, %0:4s 54 (S 2L M. 1.59-1.70
3

0.8 87(111 2’30(0811 t,J 66
Ms (E3$-‘Z ﬁ’z (@I = 10.3 Hz), 2.67 (0. 211,

ATQR)S H'z’?702 8845 0. 12712@ £#615,=1773, Hz~’)3713 3@(‘52(012%2 Jcli"“-ihf?
1360, LH4Z)1,313,63260, 81265 ,d,1215 1@03 &) 5.48-5.56 (111,
[o27d4), 7.26-7.36 (511, m. 15 ms (ESI) mz: 276 (MtH)+.
'%9151] [Reference Exan'pl e 34]

[Examﬁ
7 (72 _Blrﬂgtpré Oi()o L (Bt

[ (1R, IPRZ -LRUPTaCH PRk AR ImPTTe ey 1 . ‘ﬁs-dllwﬂro -4-
oxoguinxd-ibel-GRratbphenyd etdiyd hyfroehidihée

[0277]
o o \
F ‘.I OH F. A_COOH
, l
N - N
OMe X/F . DS:/ OMEXIF HCl
NH, NH,

[0278]

7-[7-amino-7-methyl-5-azaspirc[2.4]heptan~-5-yl] -6-fluoro-1-
[(1IR,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid in which configuration of the amino
group in the substituent at position 7 is the same as the one
produced in Example 9 (18.07 g, 39.4 mmol) was suspended in
methanol {54 mL}), and 1N hydrochloric acid (43.4 mL, 43.4 mmol)
was added to the suspension at room temperature. Isopropyl alcohol
(180 mL) was then added, and the mixture was stirred in a water

bath at 50°C for some time until precipitated gummy material
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[ 0296] HOOCH2N* Me's, O isoner AA PhAPh isomer AB
i soner A [0297] 25To a solution of the crude
4- et hyl- 3- net hyl-5-oxo-1-[ (R) - 1-

- phenyl et hyl ] pyrrolidin-3-yl-carboxylic acid
(stereoi somer A) (11.46 g)78%roduced in Reference
Exanple 33 and triethylamne (10.24 nL, 73.4 mol) in
toluene (150 nmL), di phenyl phosphoryl azide (10 29 nL

was added at _.roomite era%ure
thoug%yxttaar@e%ago SETFFE -at AFoom &tleerB@P& 1%t Yookt
tempengitnree$or ahdndur arkhei brwathlatW@KﬁDqQ%iﬂytﬁéubg fihgration,
and was2Rel WaBhNh X$hE k]l wadugtit! vEetsbyrasdi ng ety | (asttak e The
crysta(léoqre%) th ddf:lr&‘i %QlldgEI diﬁ@éd vasdied, W tth satuiated
1 %gFFous s ﬁz odlugr %gro encarb ate &%8% nL),
title &P 9 afd -€alliPat e gous solu
[0279§od|unrchlor|de 83 (200 nL) in this order. The
mp: 2bespbédiog organic |layer was dried wth anhydrous
[a] 525 :so_diJr §ul { Jats 0 .36 afOLQﬁ ﬁ%@ﬁyl ng the dessicating
1 t he so vent ved
H- NMRd g?% ?ron unét%ﬁ G o VBE 6§€Dr%. 67-0.76 (2H,

frégslra®t tai’n_it'he

m, 1. &PudéHpr%huét %%ﬁ‘é Br{mf& ah B i %‘cye‘? atd:® 3e 71 (4K,
m), 3.0Pudelpr OTHiCtm)i.n 4.188- EoﬁﬁrblHannhsdhféndﬂE was J = 13.9
Hz), 8duss@hMedsin 1, 4-dioxane (80 nlL), and after adding 6N

Elemen'amgogﬂégférg A 480,70, Lher Mggbur e was stirred in

qur h r on,.m xt yre
Ca1C€£% T ncgnt?gt% g% 5§é tée Ogé§§u§£9$; Ly % 48
Foungdpn&enfRaléi was %f%bt?bpﬁcgpr Ndl%t714é§ﬂmrtﬁ310
[0280&t hanol . Water (100 nlL) was added to the residue, and
[Exampagt@ﬁ]stlrrrng in an ice bath, saturated aqueous
- (7-2R2hHL y %aiyls%d'agggex% pXi Qrenér&%rp@d@q) 8L £1uoro-1-

moE st s e on sl

G

OXOqu1nﬁ%@ﬁ§ @wq&rh9$m%1ﬁ9601¢ﬁ$¥¢rQﬁhAQﬂidﬁ th anhydrous
[ozslbodlunrsulfate 15 the dessrcatlng agent was renoved
by filtration, and the solvent was renoved by
distillation under reduced pressure. The resulting
‘|sonercn1xture was separated and pugified by silica
umeogtr omat ogr aphy (chkornfo m.¢ooRet hanol
am ne, 100:0:1 -* 99:1: 98:2: 1) to obtaln

ﬁi;%fOEwP f stereetsemer~AA SyfryTe 20 conpound
(3R™P48)F) configuration, 284 nowd \ 2 stems; 77% as
pal e brown gummy solid, dndtHl.41 of the

®fereoi soner AB of the title conpound ((3R*, 4R*)

configuration, 5.72 mol, 2 steps, 16% as a pale

fo282brown gummy solid. [0298] 25 Stereoisoner AA

7-[7-{tert-Butoxycarbonylamino} -7-methyl-5-
azaspiro[2.4]heptan-5-yl} -6-fluore-1-[(1R,28)-2-
fluorocyclopropyl] -8-methoxy-1,4~-dihydro-4-oxoquinoline-3-
carboxylic acid in which configuration of the tert-
butoxycarbonylamino group in the substituent at position 7 is the
same as the one produced in Example 2 (267.2 g) was suspended in
isopropyl alcohol (1.6 L), and 6N hydrochloric acid (405 mL, 2.43
mol) was added to the suspension while the suspension was stirred
in an oil bath at 55°C. The mixture was stirred at the same
temperature for 3.5 hours, and after allowing to cool to room
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1H NMR (400 MHz, CDCL3
Hz), 1.19 (3H, s), 1.4
m, 2.05 (111, t, J .
Hz), 2.99 (1H d, J 5.53 (1H, q, J
Hz), 7.24- 35(511 n) 30sMs (ESI) m z: 247(MH—|)
[a] 25.1 = +126 6 (c = 0.470, chlorofornm Stereoi somer
_ AB 1H NI\/R (400 MHz, CDClS)8 ppm o 93 (311 s), 1.13
t, =7.4 FEL 1.46- ng 5-1.74
temper(a*mre n)lso,@rﬂ?myéﬁ cojol J(2~47Ifl B’S‘Flzﬁ*d %mePereactlaon
vessel wad ddt)led3illa(dited, baklr a& 3°¢z)and.t52 @iktuge Jas
stirrdd latiZhe Gadéd- Yedpetdhixe Mor MB GBSk . MiThe 24écipithted

crysti %?eﬂe coté)%gtéfi(%% pl%%%loﬁhl 9.f18f QE@I‘[QJ.ZLQ%I‘Y%.QLQ for

- -~
N
I
3
=
\]
>
H
(00]
I wi

erence
severa o) Th (FE &R SRARD) TAHISR RS STEERy AT
40°C th bhiteRR- 223 . phenid 6t mpblloy PR ) | of Néie [(GRYEL cBopownd/rs a
velloy :powder.somer AA [0301] To a sol ution of

[Dzsj]SR* 48*) - 3- am no- 4- et hy1- 3- net hyl - 5- oxo- 1-

henyl yl ] pyrrolidine (isonmer AA 4.16 g,
;z:ie’%%“g@]'gxp = gR{]etrah)ydrofuran 100 rrL) produced |1n
2HAAYe “ B8P eph

T Ni3ga
carboXyll382 g, 33 8 mmol ) was gradually added in 5m nut es
[0284]n an ice bath, and the m xture was stirred at room

tenperature .for 2 hours. The reaction mxture was
cooled in an ice bath, and after carefully adding
Meow®t er (1.22 wme%ea.z mml ), 15%
e

NTO — N~ O
’J\ ')\ isomer A
Ph Fh isomer B
[02853
To a gsolution of methyl (3R)-5-oxo-1-[(R)-1-
phenylethyl]pyrrolidin-3-yli-carboxylate (49.5 g, 200 mmol} and
methyl iodide (37.4 mL, 600 mmol) in dimethylformamide (1 L),
gsodium hydride (in oil; content, 55%; 11.35 g: 260 mmol) was
gradually added in 5 minutes at room temperature. After stirring
at room temperature for 2 hours, methyl iodide (24.9 mL, 400 mmol)
and sodium hydride (in oil; content, 55%; 6.11 g; 140 mmcl) were
further added, and the mixture was stirred for another 4 hours.
The reaction mixture was added to 0.5N hydrochloric acid (1 L) imn
an ice bath, and extracted with ethyl acetate (2 L + 1 L). The
organic layers were combined and washed with water (1 L x 2} and
saturated aqueous solution of scdium chloride (1 L), and dried
with anhydrous sodium sulfate. After removing the dessicating
agent by filtration, the solvent was removed by distillation under
reduced pressure. The thus obtained crude product was purified by
gilica gel column chromatography {(hexane : ethyl acetate, 80:20 -
67:33 —> 50:50 — 33:67) to obtain stereoisomers at position 3 of
the title compound (stereoigomer A: 19.86 g (76.0 mmol, 38%) as a
pale yvellow oil, stereocisomer B: 20.22 g (77.4 mmol, 39%) as a
pale yellow solid, and a mixture of stereoisomers A and B: 9.69 g
(37.1 mmol, 19%) as a pale yellow oil.
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aqueous sol ution of sodium hydroxide (1.22 nL), and
water (3.66 15 nlL) in this order, the m xture was
stirred overnight at roomtenperature. The insol uble
content was renoved by filtration, and the residue on
the filter was washed w t h80etrahydrofuran (3 tines),
and the filtrate and the tetrahydrofuran used for the
washi ng were conbi ne. The sol vent was renoved by
(028 istillation 20 under reduced pressure, and the
esi due was di ssolved in dichloronethane (70 ni).
Steregysqmg® Asutyl di carbonate (5.53 g, 25.3 mmol) was
‘H-NvMRdded, Maad thel JyExbph e was,:l.stcrmr ed) at1 rpomatenper gt ure. 1
Hz) , 3041 2(51}h8'dr Sg Thes s@lyant 2"\@? (gEoVed .?)’- di $1g 'r}f ti 9”95
nder Cc pres a e res ur i
dDgl‘l |1§alég§ 25§c%?]uﬁlnH c@onagf"ogﬁ %d@ (‘hekarfe (3 ét }r
5.51 &red 0718 HE) g? HF % 387:(85) ®b-obtain 4.45 g
MS (ESW3mBZ:mdé2 QM€Stéps, 79% of the title conpound as a

[a]p2®-Pal e,y qwn(elL o[Qﬁ@Zlcﬂ%f&%rMOO Mz, CDCL3)8 ppm
1.14-1. 22 30(1H m, 1.33

ftere%ﬁ 1 44 é9H s ). 145 (3H ),

H- ml(égoll"ﬁé% Cﬂqla PH“74113 14,5l 12‘32363(*1Hd f,=37-1
Hz), 2538 slﬁz)d 2763 Y643 HE),]2=99. 51H|z)d 2T 71 16118, Ha) , J3=09
(1H, B. T Hzlp.2.85) (1H3d,(13,=a9. 0 Hz)9.8.:28 ,( BHs1q,(38, =s),
5.51 @_HB ) g 4-7% (Pw bif%,-7733;91§ 33,(5H m. 85 M5

h% é =+54(c = 0.410, chloroform
3 [ e er enc Exan'pl e 36%
la] 1f<Beﬁz%/I1§>9yc§F15@ﬁ9 OBml t ert - but oxycar bonyl am

{0287ﬂno) 4- -methyl pyrrolidine [0304] Boo -M*Boc-M* M
[Refer2nble Examgke N 4' 1. -ThCbz 1 isoner AAi soner AA
Methyl 4-ethyl-3-methyl-5-oxo-1-[(R)-1-phenylethyl]lpyrrolidin-3-
vl-carboxylate

[0288]
MeQOC, MeQOC_,
'/kPh /I\Ph
isomer A isomer A
[0289]

To a solution of the methyl 3-methyl-5-oxo-1-[{(R)-1-
phenylethyl]pyrrolidin-3-yl-carboxylate (stereoisomer A) produced
in Reference Example 31 {19.86 g, 76.0 mmol} and
hexamethylphosphoric triamide (30 mL) in tetrahydrofuran (300 mL),
a solution of lithium diisopropyl amide in heptane,
tetrahydreiuran, and ethylbenzene (1.8M, 63.3 mL, 113.9 mmol) was

gradually added in 15 minutes at -78°C. After stirring the mixture

at -78°C for 30 minutes, ethyl iodide (12.2 mL, 152.0 mmol) was
added dropwise at the same temperature in 10 minutes. After
stirring at -78°C for 1 hour, the mixture was guenched by adding
saturated aqueous solution of ammonium chloride (100 mL). The
reaction mixture was extracted with ethyl acetate (300 mL}, and
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10[ 0305] To a solution of

(3R*,4R*) - 3- (tert-but oxycarbonyl am no) - 4-

et hyl-3-net hyl-1-[ (R) - 1- phenyl et hyl ] pyrrolidine (4.43

g, 13.33 mmol ) produced in Reference Exanple 35 in

di chl oronmet hane (40 niL), benzyl chloroformate (5.71

m., 39.9 mol) was added at room 15 tenperature, and

the m xture was stirred at the sane tenperature for 5

days, The solvent was renoved by distillation under
the orgeted s yigFevaghadt weth ogitdie (RA8 Plr¥f3lefrpy saturated
aqueoss | schuigiein odl soniahr oivbboigicapi®o o hexanesfteet bylying with
anhyd?@@éaééalﬁ%3sﬁqggtgo tﬂeGiéégﬁcéﬂiﬂgbhééﬂt3wég'ﬁbdbﬂ%dSﬁ

£ | Qe
f11tr$€'§$%,pga:ne@ tt?l Eg‘fvéh{. %&O%rg: 1?5’@#%? Yhder
reduce bRt i BhOEEI0 HPSHOTRYE FTaRIGt YR PR LR by
silicd.dd} koltmal PHromptodrashyl . G@xate, : npthyl 8ber%,( 2H: 10 —
85:15 My, 83.:23) Bo 2B 1. ,633% 8r3tid fitHe MompduBl (a mixture

of st%:peﬂsjoéne%*g %f g&%léléﬁ'?)é ? 6%9] %,%Q 711_!3 mr%s Aawé;é&%l?ellow

©il. 21'307 (MtBu)4. [a] n25.113.3 (c - o 120,
[029Q:]hl orof orm) [0307] [Exanple 13] 30

H-NMR/ -(R 0B R4 R* Q@ A1 pom 4- at.byl-13emethydmpyrriglindion- 12y4E; s),
1.45-6-4d uar @ul-m), 1.64-1.75 (1H m), 1.80-1.85 (0.2H, m), 2.24

10 ol 02292 Paber Sy oprap e i o B WLy

‘ox qw noI i'ne-3-tcarboxyl’ic aC|

P BB ofedire S fo ot dRpte B the dPadora)
3. 699 (@?’4,H4R’S? 13 bedy(O8tbarionyl- 3- (tert - but oxycar bonyl am
.50-5.9%) 14, b)ethybs 37 e hydmymnol i di ne (450 ng, 1.242
Mg (EdHYOk)/ -Pr Ofbicedq iy +Ref erence Exanple 36 was converted
to

[029183R* 4R*) - 3- (t ert but oxycar bonyl am no) - 4- et hy1- 3- net hyl
Refeﬁﬁ?FFo@FBWﬂ%e 34 ny, quantitative), and 294 ng of the
4-Ethygr-gduet hydss f@amﬂed[ W) t-A -ehgnylethyl] pyrrolidin-3-yl-
carbox@ilfilcugaeadl-[ (1R 2S) - 2-f | uor ocycl opr opy1] - 8- net hoxy-1, 4
[0292701 hydro-4- 10 oxoqui nol i ne-3-carboxylic acid -
di fl uoroboron conplex (434 ng, 1.201 mmol) to obtain
282 ng (0.662 mmol, 551) of the title conpound as a
"~ White powder. [OSlQl np: 90-93C
MeOOC_, HOOC, ,

Me Me
NTO —— SO .
)\Ph | | /kPh i
isomer A isomer A

{0293}
To a solution of the methyl 4-ethyl-3-methyl-5-oxo-1-[(R})-1-

phenylethyl]pyrrolidin-3-yl-carboxylate (sterecisomer A) produced
in Reference Example 32 (10.63 g, 36.7 mmol) in tetrahydrofuran
(330 mL) and methanol (110 mL), 2N aqueous solution of sodium
hydroxide (110 mL, 220 mmol} was added at room temperature, and
the mixture was stirred in an oil bath at 60°C for 5.5 hours. The
reaction mixture was concentrated under reduced pressure, and
after adding concentrated hydrochloric acid to the concentrate in
an ice bath for acidification, the mixture was extracted with
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15[a]r,25'1 = +220.2 (c = 0.113, 0.1N NaOH) 1H NWR
(400 MHz, 0.1N NaOD)3 ppm 0.96 (3H, t, J = 7.4 Hz),
1.27- 1.34 (4H, m, 1.56-1.72 (3H, m, 1.89-1.97 (1H
m, 3.30 (1H, d, J =10.7 Hz), 3.56 (3H, s), 3.61-3.70
(2H m, 3.78 (1H, dd, J =840.6, 2.8 Hz), 4.06 (111,
dd, J = 13.1, 6.0 Hz), 4.82-5.01 (1H, m, 207.65 (111,
d, J =14.4 Hz), 8.48 (1H, s). Elenentary analysis for
C21H25F2N304- 0. 25H20: Cal cul ated: C, 59.22; H, 6.03;
chlorgfomgn g@OONng+8$ XFb%d“L)C 'ggeorgrgq.qu% lg,zgerg wgrqgcomblned
and dhied.w8%h I!atlﬁh&EA&)Ls ngadivi Zuiielde. &1ty AERpvig§58he
dessiddfihg hih glﬁllé%tlmn’l%&e 63 kentd sk edbdedl B¢/,

0 7 I
dwﬂ%%”&oﬁ”%*“;lﬁ% Fotosd HENE BXOBLE AT, %yg |
(quanigh AV h i Ey?r%ﬂl‘%ﬁ rFlstlﬁ cE’E‘PBBS%?I %%ea Fd ryF solid.
The c8R msd)lcn was used in the subsequent reaction with no
furthet Buk-iFimathya- 5- oxo- 1- [ (R) - 1- ohenyl et hyl ] pyrrol i di n-3
(02 9}ylcarboxylate [0312] 87 N@Cﬁ[h@llOlOO Me) OMe 2:
1 O 1-ThVLPh|son9é BA isomer BB isoner 0313 The
H-NMR, (§083¥F e JfPRef r%?f?:e Ex 3 Feo%z %Na%Hr eatle -4H, 8],
1.50-ang 35 2Hnemhet hyd9-1- 70 (o 8H, m) .87 (lH m), 2.30
(0.8H3-methylse560kn) 1-3 () - ﬂk@ﬁ&nﬁheﬂhyl1®y3ﬂﬂﬂhd2n63-ybcam, a,
J = 9hoxyd) at@ 68t b em,som:erJ B) 7ppodyseds idp Ref.emenee 7 = 9.8

Hz), P%%”p gt §20 éago.%z‘s Mol )g L0 abtain 2y 27,6, 0f; 35 (sy,

stere0|soners

m) .
M8 (ESI) m/z: 276 {M+H)™.
f0295]

[Reference Example 34]

(3R*,48+%) -3-Amino-4-ethyl-3-methyl-5-oxo-1-[{R)-1-
phenylethyllpyrrolidine and (3R*,4R*)-3-amino-4-ethyl-3-methyl-5-
oxo-1-[(R) -1-phenylethyl] pyrrolidine

[0296] -
HOOC‘FQ TQ
_ isomer AA
Ph Ph isomer AB
isomer A
[0297]

To a solution of the crude 4-ethyl-3-methyl-5-oxo-1-[{R)-1-
phenylethyllpyrrolidin-3-yl-carboxylic acid (stereoisomer A)
{11.46 g) produced in Reference Example 33 and triethylamine
{(10.24 mL, 73.4 mmol) in toluene (150 mL), diphenylphosphoryl
azide (10.29 mL, 47.7 mmol) was added at room temperature, and the
mixture was stirred at room temperature for 15 minutes, and in an
0il bath at 90°C for 3 hours. The reaction mixture was diluted by
adding ethyl acetate (500 mL), and the solution was washed with
saturated agueocus solution of sodium hydrogencarbonate (200 mL),
water (200 mL}, and saturated aqueoué solution of sodium chloride
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position 4 of the title compound ((3R*, 4R*)
configuration, 7.84 mmol, 10% as a pale yellow oil
and 7.40 g of stereoisonmer BB 10((3R*, 45%)
configuration, 25.6 mml, 33% as a pale yellow oil.
[0314] Stereoisoner BA: 1HRANWVR (400 MHz, CDC13)5 ppm
1.03 (311, t, J =7.5 Hz), 1.25 (311, s), 1.39-1.55

(411 m, 179190(111, m, 2.78 (1H dd, J:8O
1H, d,

Hz),, (14, d, J = 9.8 Hz 3.17
{200 @P%3¥EFhi§ Gﬁd?EH T@F,rS?B%t{ﬁﬁjer%fn%F layey ﬁE? drled with
anhydfR6-spd3dsm( Sulfapng,. v EESEY mwErov2ed %hﬂ+®esqy@@Flng agent
by f;iﬁﬁaﬁhOﬁ +t06. 501@éﬁt(hAEZQemahbarBﬁoaﬂ@tﬁixaﬁm@hsaﬁHEr
reduc@ sqllEIéN%/g & G%&é) ér@@ur%t 11&‘9Q:Ife3%frm of‘]aﬂ
1socy§P -1 g%p(ﬁﬁ$é%ﬁpro Q%lﬁh of ?h4lsgcﬁa$%3e)Was
dissolyvegl ip] 114-dioygane 1@03111#5) aadzgf%qm adfling €N pygreghloric
acid @ROZIL(314heSphixttut? aklétigred #n7adl 442) bath25t+768%C for 2
hours (5¥fe MactMed ESDurtZyad 9ok Midrht e Le8Er reduced
pressqg%a %Palgg céﬁﬁené&é%%oWagh58g8££%59c4f%§1%Lsk%%&gﬁegffh
ethanqlypeiaEey Z‘-oé’t Ayl - B2feRAigPd sEoXdioL IERAE: offRf after
stlrrﬂn@thplprl¢©lb@ﬁhﬁ}aﬂtugatbdxﬁqueow&iQpruﬂﬂmglgﬁ sodium
hydroﬂmmaecﬂfefd@ DLEYPRatlon. PirHes @een 1 BBhgonext B was
extracltggll%]lth dl eﬁ:rh%%%dlﬂggo 01§1L Rﬁffd’dﬂ n&8 ,ExaRPtRe33rganic
layers gsﬁ,re 4 ? %%én?re‘% ng5 WOJX f‘nfl?/ﬂfo‘is %odlum sulfate,
the deﬁﬁéﬁ?F éﬁﬁyqlﬁj’}f-'r e a"ﬁﬁlogegh DY of bbAERR ( $P8r EBE sfbyent
was reBByed. B¢ ¢istA03tmonl hngeodueddced Refssrewce heamislting
lsomer3&1keu9@tﬁ&§‘ééﬁgidieQQHﬁﬁtﬁﬁﬂifiga K¥ dihg cer yde targst
chroma% ”%gﬁﬂ%gfsjnf PO%J % br %’Qt %1%&9 t&ﬁﬁa&?hgl nfﬁio 0:1 —

was uséd e subse
99:1: 1 —) 28: 2 1) to obtain 7. OO g.of stereoisomer AA of the title

compound ( (3R*,45*%) configuratiomn, 28.4 mmol, 2 steps, 77%) as a
pale brown gummy solid, and 1.41 g of the stereocisomer AB of the
title compound ((3R*,4R*) configuration, 5.72 mmol, 2 steps, 16%)
as a pale brown gummy solid.

[0298]
Stereoisomer AA:

H-NMR (400 MHz, CDCl3)8 ppm: 1.14 (3H, t, J = 7.6 Hz), 1.19 (38,
s), 1.43-1.55 (4H, m), 1.72-1.83 (1H, m), 2.05 (1H, t, J = 6.8 Hz),

2.77 {(1H, d, J = 10.0 Hz), 2.99 (1H, d, J = 9.8 Hz}, 5.53 (1H, d,
J = 7.1 Hz), 7.24-7.35 (5H, m).
MS (ESI) m/z: 247 (M+H)".

[alp®®* = +126.6° (¢ = 0.470, chloroform)

Sterecisomer AB: _

H-NMR (400 MHz, CDC1;)8 ppm: 0.93 (3H, &), 1.13 (3H, t, J = 7.4
Hz), 1.46-1.62 (4H, m), 1.65-1.74 (1H, m), 2.11 (1iH, t, J 7.1
Hz), 2.70 (1H, 4, J = 9.5 Hz), 3.00 (1H, 4, J = 9.3 Hz), 5.52 (1H,
q, 9 = 7.1 Hz), 7.24-7.35 (5H, m).
MS (ESI) m/z: 247 (M+H)"'.

[e],2%Y = +132.5° (c = 0.260, chloroform)

[0299] '

[Reference Example 35}
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reaction with no further purification. 10[ 0318] 2H NWR
(400 MHz, CDC13)8 ppm 0.98 (3H, t, J = 7.6 Hz), 1.41
(3H, s), 1.50-1.73 (5H, m, 2.30 (1H, dd, J = 7.6, 5.9
Hz), 2.96 (1H, d, J = 10.1 Hz), 3.32 (1l1ff, d, J =
10.5 Hz), 5.51 (1H, g, J =84.0 Hz), 7.23-7.34 (5H, m.
15 Ms (ESI) nmz: 276 (MtH)t. [0319] [Reference Exanple
39] (3R*, 4S*)-3- Ami no- 4-ethyl- 3-net hyl-5- oxo- 1 [(R)-1-
phenyl et hyl ] pyrrolidi ne 20[ 0320] HOOCHZN Me

(3R*, PRAN 43 P ot oRREapheRY BT > ¢ ety h- %ﬂp@ﬁh}fﬂww[ -

phenyl 8h €l uperHolR8i48%) - 4- et hyl- 3- nethyl 5- oxo-

rozedr [ (R) - 1-phenylethyl ] pyrrolidin-3-yl-carboxylic acid
produced in 25 Reference Exanpl e 38 (stereoi soner BB,
2.15 g, 7.03 mmol) and triethylam ne (1.96 nL, 14.06
mol ) in toluene (30 nL), diphenyl phosphoryl azide

H.N 1. , 9. 180 added room tenperature, and-
Mgﬁtengg%ure wasMg e¢d at roomtenperature for 15
.ﬁ es, and {h armgtl bath at 90C for 3 hours. The
reaction 89 mxtur¢ was diluted by addi ng et hyl
etrt e (200 nl), i he solution was washed wth
%@%Hﬁfted aqueoug%égj tion of sodi um hydrogencarbonat e

wat er, and saturated aqueous sol ution
[03Ofﬁ sodlun1chlor|de (50 m.) in this order The

fF U|t|9%t6 orggnkﬁkla%ﬁp-@agmgﬁbeg 2 {FEEUM@Ph S5 ~OXOo~1-~

[
sodi“um rem)wég[t SS|cat|n3mol) in

[(R)- %mftﬁqyéﬁtﬁyli PYYFatidime t Heomsry
tetrahifdtdfiuran dho0noe) prethed pmeggﬁeéeme oEF??taa@Hiet B&, lithium
alumiindgrapriaduct . 2oz tdhe Formmmblanwssogyadad Ely Higledhus 5

mlnuté)obtfﬂ '?:\%d 1EEug§tﬂr O%ttﬂé’] i Reni-ar ih of s @4 SPEHARILR

dig an
tempe%r&%?’ rfc 3%?%1 élelrrfx 1°nd1(dlegwtry(-)e) iwﬁ% so?&%d hp an ice
bath, HRf BhEH %?E?%uWa% %C%%IWe&atﬁrarﬁlo?% ot 16t GO or 15
aqueod Fdiogion Fhesodhol ilymnmxdter ¢1wag mbhceﬂﬁiaﬁé@ruﬁaeﬁﬁ

mL) id eiGedrpEesSthe mafthddvagoBeeptéat GvaBtight at room
tempefygﬁ ropg%@]lﬂg éﬁﬂﬂ lESQt@hEhwégrEHMHveaT%yl@?15§§tg&@ and
the re51du%dg% tﬂﬂtgll er wa was %dS%EH£ tetrahydrofuran {3
times), and the filtrate and the tetrahydrofuran used for the
washing were combine. The solvent was removed by distillation
under reduced pressure, and the residue was dissclved in
dichloromethane (70 mL). Di-tert-butyl dicarbonate (5.53 g, 25.3
mmol} was added, and the mixture was stirred at room temperature
for 25 hours. The solvent was removed by distillation under
reduced pressure, and the residue was purified by silica gel
column chromatography (hexane : ethyl acetate, 90:10 — 80:20 —
67:33) to obtain 4. 45 g (13. 37 mmol, 2 steps, 79%) of the title
compound as a pale brown oil.

[0302]
'W-NMR (400 MHz, CDC1;)8 ppm: 0.87 (3H, t, ¥ = 7.3 Hz), 1.14-1.22
(1H, m}), 1.33 (3H, d, J = 6.3 Hz), 1.44 (9H, s}, 1.45 (3H, s},
1.55-1.65 (1H, m), 1.74-1.82 (1H, m), 2.36 (1H, t, J = 8.8 Hz),
2.63 (14, d, J = 9.5 Hz), 2.71 (1H, d, J = 8.1 Hz), 2.75 (lH, 4, J
= 9.0 Hz), 3.28 (1H, g, J = 6.5 Hz), 4.73 (1H, brs), 7.192-7.33 (5H,

m) .
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15 aqueous solution of sodi um hydroxi de was added in
an ice bath with stirring for alkalinization. The
resulting mxture was extracted w th di chl oronet hane
(150 mL + 2 x 50 nmL), and the organic |layers were
conbi ned and dried wi th anggdrous sodi um sul fate.
After renoving the dessicating agent by filtration,
the solvent was 20 renoved by distillation under
reduced pressure to obtain 1.79 g (quantitative) of

MS (E$hk wfarde3Bar §tHXonpound as a greeni sh brown oil. The

[a] p**t*hus +obiaiRed orude, prlethiedrovag used in the subsequent
[0305pact|on MAth no furt her purification. [0322] 25

101 0 CDC13)6 ppm 1.13 ( 3H, t, J =7.6

[Referghc N%"%‘?'P%HNE%L) 1.46-1.58 (1H m, 149 (3H d, J =

(3R* 4R ) Benyg ..‘“m y \{te : (oF-: y 3 :

ethyl 23 @ tiylpyrdplidin®. 8 Hz), 3.13 (111 d J=o. 8 FE)

[osod.51 (111, q, J . 7.2 Hz), 7.24-7.35 (511, m.MS (EST)
mz: 247 (MtH)4. 30[0323] [Reference Exanple 40]
(3R* 4R*) - 3- (tert-But oxycar bonyl am no) - 4- et hy1- 3- net hy
-1- phenyHethyI pyrrolidine [0324] 35 90

_Boc- M oef® i sonmer BBi sonmer BB [ 0325]

ocedure of Re er nce Exanpl e 35 was repeated by

"t he ~ertee

(3 48*) - 3- am no- 4- ébpyl 3-met hyl -5-oxo-1-[(R) -1- 5

ph&nyP&t hyl ] pyrrolidine produced in Reference Exanpl e

3iorfestpar eoi somer B&metaX9 9, 7.03 mmol) to obtain 2.03
g (6.11 mol, 5 steps, 877s) of the target conpound as
[o305a pale red oil. [0326] 1H NMR (400 MHz, CDC13)8 ppm

%8§ 631deibn c?f 3%&*1 ﬂze% i{%é-réh ekgxcia%onﬁ}laminé)l-a;-
eciyL ggerbg [k tema gl Tpgripdig o o7 1o 39
mmol):pnpdgcgg)langégqnge(yxaypleg g +E) l%?%?FQ?ff ana (go_mL),
benzyl9 chldzrpfom®e ({58171 mL,J39. 98mmo].—nz)wasg BBle@d 8L, rgem] =
temper@thrk?) and. 70 (Wibdsurey Shs ét1Drdd 3t (Gl same. téhpbbature
for 5 (iE]%JS) nﬁ{e sﬁ%e&%@ag rétﬁ&)xpgé]by d'i%‘glqga(:goﬁ Qn&fcgémeduced

or of o
pressure, and regidue wasg purified by silica gel column

chromatography (hexane : ethyl acetate, 90:10 — 80:20 — 67:33) to
obtain 3.94 g (10.86 mmol, 81%) of the title compound as a
colorless transparent gumnmy solid.

[0306]

'H-NMR (400 MHz, CDCl;)& ppm: 0.94-1.00 (3H, m}, 1.12-1.22 (1H, m),
1.41-1.47 (12H, m), 1.59-1.69 (1H, wm), 1.82-1.95 (1H, m}, 3.12-
3.26 {(2H, m), 3.65-3.75 (1H, m), 3.96 (0.3H, 4, J = 11.5 Hz}, 4.10
(0.7, m), 4.43 (1H, brs), 5.09-5.18 {(2H, m), 7.27-7.38 (5H, m}.
MS (ESI) wm/z: 307 (M-tBu)®.

[a]p?5? = -13.3° (¢ = 0.120, chloroform)

{0307]

[Exarnple 13]
- [(3R*,4R*) -3-Amino-4- ethyl 3-methylpyrrolidin-1-vyl]-6-£fluoro-1-

[(1R,28) -2-fluorocyclopropyl] -8 -methoxy-1, 4~-dihydro-4-
oxogquinoline-3-carboxylic acid
[0308]




[ 0327] [ Ref erence Exanple 411

(3R*, 4R*) - 1- Eenzyl oxycar bonyl- 3- (tert - but oxycar bonyl am
ino)-4- 20 ethyl-3-nethyl pyrrolidine [0328] Boc-M Me
VL Ph isoner BBi somer BB [0329] 25The procedure of

Ref erence Exanple 36 was rggeated by using the

(3R*, 4R*) - 3-(tert-but oxycarbonyl am no) - 4- et hyl- 3- net hy
1-1- [(R)-1-phenyl ethyllpyrrolidine produced in

Ref erence Exanple 40 91 (stereoisoner BB, 2.03 g,
6.11 nmmol) to obtain 1.752 g (4.83 muol, 79% of the
target conpound as pi nkagurmy solid. [0330]

1H NVR (400 MHz, 294-1.00 (3H, m,

12-1.22 (3H m, 47 (12H, ™, .69 (1H,
Boe M. /4 82P%ds (fH m Mgilfzs 3.26 (2H, <3

(LA M, 306 (0.3H OFAE 115 KR) ., 4, JH m,

443 (THbris), 5.709- —m 7N, wH, n .

MBOPESI ) nlz: 307 (MtBu)4. [a]p25 1 X +10° B =
PR chl oF®WEOY) 10[ 0331] [ Exanpl e 14 |
[030 7-[ (3R*, 4R*) - 3- Ami no- 4-et hyl- 3-net hyl pyrrolidin-1-yll -
-fluoro-1[ (1R, 2S) - 2-fl uorocycl opropyl ] - 8- net hoxy- 1, 4-
dvhy@dogqa P%‘)‘(@ﬁfllﬂfﬂ)lﬁiﬁélﬁrcﬁpb@@m@é doi Fhe5CEEse)
(3R*, {10333]-benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-
ethyl-3-methylpyrrolidine (450 mg, 1.242 mmol) produced in
Reference Example 36 was converted to (3R*,4R*)-3-(texrt-
butoxycarbonylamino) -4-ethyl-3-methylpyrrolidine (304 mg,
quantitative), and 294 mg of the product was reacted with 6,7~
difluoro-1-[(1R,2S)-2-fluorocyclopropyl} -8-methoxy-1,4~-dihydro-4-
oxogquinoline-3-carboxylic acid - difluorcboron complex (434 mg,
1.201 mmol) to obtain 282 mg (0.662 mmol, 55%) of the title
compound as a white powder.
[0310]
mp: 90-93°C.
[alp®®? = +220.2° (¢ = 0.113, 0.1N NaOH).
H-NMR (400 MHz, 0.1N NaOD)§ ppm: 0.96 (3H, t, J = 7.4 Hz), 1.27-
1.34 (4H, m), 1.56-1.72 (3H, m}), 1.89-1.97 {(lH, m), 3.30 (1H, 4, J
= 10.7 Hz), 3.56 {3H, &), 3.61-3.70 (2H, m), 3.78 (1H, dd, J =
106.6, 2.8 Hz), 4.06 {1H, 4dd, T = 13.1, 6.0 Hz}), 4.82-5.01 (1H, m},
7.65 (1H, 4, J = 14.4 Hz), 8.48 (1H, s).
Elementary analysis foxr CoiHasFeN3;04°0.25H.0:
Calculated: C, 59.22; H, 6.03; F, B8.22; N, 9.87.
Found: ¢, 59.09; H, 5.84; F, 8.79; N, 9.89.
MS (FAB) m/z: 422 (M+H)™.
IR (ATR): 2958, 2873, 1724, 1618, 1541, 1508, 1431, 1363, 1313,
1277, 1234 cm™.
[0311]
[Reference Example 37]
Methyl (3R*,4R*)-4-ethyl-3-methyl-5-oxo-1-[(R)-1-
phenylethyl]pyrrolidih~3-yl-carboxylate and methyl (3R*,45*%)-4-
ethyl-3-methyl-5-oxo-1-[{R)-1-phenylethyl]lpyrrolidin-3-y1-
carboxylate
[0312]
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By using a procedure simlar to Exanple 1, the
(3R*,4R*)-1- 20

benzyl oxycar bonyl- 3-(tert - but oxycarbonyl am no) - 4-et hyl
-3- methyl pyrrolidine produced in Reference Exanple 41
(439 ng, 1.211 mmol) was c@nverted to crude

(3R*, 4R*) - 3- (t ert but oxycar bonyl am no) - 4- et hy1- 3- net hyl
pyrrolidine (285 ng, quantitative), and 283 ng of the
product was reacted with 6,7- 25

di fluoro-1-[ (1R 2S)-2-fluorocycl opropyl] - 8-net hoxy-1, 4
- di hydr o-4- oxoqui nol i ne-3-carboxylic acid -

me00 f | uor obor on Meoop| e 434 ng, 1.201 mmol) to obtain
Mg (0. 565 nie 7% of the title conmpound as a
hhe=powder. [ 0334],~30 np: 167-169C. [a]r,25.1. =97.6

(c 0.127, 0.1N Na 1H:HMRep 400 MHz, 0. 1N NaOD)5

ppm "AB. 96 (3H, t, Ph6. OistiderBB1. 25- 1.44 (5H, m,

tscﬁ‘r%ré 68 (2H, m, 1.94 (1H, nm, 3.37 (111, d, 3 = 92

5 Hz), 3.54-3.76 (6H, n), 3.97-4.02 (1H, n), 5.02

[031:‘(]1H dm J = 66.4 Hz), 7.65 (1H, d, J = 14.6 Hz), 8.39

1H, s). Elenentary analysis for

RIDZE. SHRVE BEoIe Foargdradddvat, reppared fy using

the m@tlibﬁi, FmeBh38:-5Nox®- 27[ (BFaupiien@]l e 6By Bllpy#tol6.dAd- 3Fy 1l -
carbo®y Nst2r@8i s £ FB)prHdicet? In( MeHd fend R ARl 31

B sy e oiEee Sl ¢ S,

positigy [ﬁ?é’fferté‘ﬁc'él%(%n‘iﬂ”@%ﬂ (dPREBAR ) SRR S PRy

mmol, Wed#)l @shalpalervel ivheeid- @adhd -Rat & ?ﬁmremsomerc@\l

( (3R* d*l)' configuration, 25.6 mmol, 33%0088H pal&/@GeQliNw oil.
[0314]

Stereoisomer BA:

'H-NMR (400 MHz, CDCl,)8 ppm: 1.03 (3H, &, J = 7.5 Hz), 1.25 (3H,

s), 1.39-1.55 (4H, m), 1.79-1.90 (1H, m), 2.78 (1H, 4dd, J = 8.0,

6.5 Hz), 2.95 (1H, 4, J = 9.8 Hz}, 3.17 (1H, d, J = 9.8 Hz), 3.64
(3H, s), 5.52 (iH, g, J = 7.1 Hz), 7.25-7.35 (5H, m).

MS (ESI) wm/z: 290 (M+H)"'.

[e]p®*'! = +106.7° (c = 0.520, chloroform)

Stereoisomer BB:

"H-NMR {400 MHz, CDCl3)8 ppm: 1.00 (3H, t, J = 7.6 Hz), 1.38-1.47
(4H, m), 1.51 (3H, d, J = 7.4 Hz), 1.63-1.70 (1H, m), 2.26 (1H, dd,

J = 7.4, 6.4 Hz), 2.98 (1H, d, J = 106.3 Hz), 3.28% (1H, d, J = 10.3
Hz), 3.53 (3H, =), 5.52 (1H, g, J = 7.1 Hz), 7.25-7.35 (BH, m). "
MS (ESI) m/z: 290 (M+H)'.

[a]p®®** = +130.0° (¢ = 0.110, chloroform)

[6315]

[Reference Example 38]

(3R*,48*) -4-Ethyl-3-methyl-5-0x0o-1- [ (R) -i-phenylethyl] pyrrolidin-
3-vl-carboxylic acid

[0316]
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15[ 0337] To a suspensi on of
2-0x0-1-[ (1R) - 1- phenyl et hyl i pyrrol i di ne4-carboxylic
acid (1165 g, 4.994 nol) in dichloronethane (10 L) was
added O-tert-butyl-N, N -diisopropylurea (3020 g, 15.00
nol) at roomtenperature wg8h stirring, and the
reacti on systemwas cooled 20 by adding ice water to
outer bath when increase of inner tenperature and
start of the ref |luxing were noted. Wen the
MeDBoper re decr dased t oom tenperature, the
Megutiien m xture ﬂﬁszégéiied for 1 hour after renoving
' dath, and fo NS Tur's by heating to 40C. After
ing the reactionjm xture in 25 an ice bath for 1
hou pme i nsol ubl e €0onpent was separated by
flltrat and t he, S nt was renoved by
di §PF gtl on under reduced pressure. The residue was
[o31purified by silica gel colum chromatography (silica

glqie pH@eqthit b RSl dHRN £ A6 §Qe33 \@ééﬂilep%%.@éat By using

b 25. 6409 of, i soners
the me })QO %Ogl "t lkﬂ % thylg'B(_ é%gl 3w s%/ fﬁ;ﬂl tlhou
pheny K DY B RO LR 1 o b U L oS Sy S T HP A Bne? et €
7.03 weed wrthHogedsepaRkefisremesi Fzanphe 3Ubseqidmirsieps 9

(quantd iBed)ived BACERE Z@hidd takigebVBoapothd lis of ddie beowrrsSolid.

The t}ﬁi% I?)%%ta ﬁeaaf%@dé %ﬁ%&% QS_' OWse[iO%"i)’sdhe S%‘J::?Z,'lbsleQIWent
ar,| % % CDC13)8 ppm™ 1.4
reacticgywifp /g’ g‘z‘;r?%ﬂ’i Pudfl F°8%388) | 2.59-2. 74 (2H, n),
[03183 95-3.03 (1H, m), 3.14 (1H dd, J = 9.77, 8.79 Hz).
1H-NMR3(490(MH51 Ght13$§;p§h;77o.58353Ht)t,'Zr%ﬁn?ssﬁzQSFn.4@.(3H,
s), 1 SdHgh3pakari fy, |§ogfer(1Hll—l-d}§VRJ(4=06 WHzs . €DGAB) &2 pam (1H, d,

= 101111%I ad: 35)”1% g% c1)18fd581%€4 HEZ@ T 3?(511&6&2)'

7.23- 7 ﬁé§39T i0 [Reference Exanple 43] tert- But y

MS (ESG35W/3 med Hy 108HX 0- 1- [ (1R) - 1- phenyl et hyl ] pyrrol i di ne3
[0319icar boxyl ate

[Reference Example 39]

(3R*,48%) -3-Amino-4-ethyl-3-methyl-5-oxo-1-[(R)-1-

phenylethyll pyrrolidine

{0320]
Ph
somerBB ! isomer BB

[0321]

To a golution of the crude (3R*,485%)-4-ethyl-3-methyl-5-oxo-
1-[(R)-1l-phenylethyl]pyrrolidin-3-yl-carboxylic acid produced in
Reference Example 38 (stereoisomer BB, 2.15 g, 7.03 mmol) and
triethylamine (1.96 mL, 14.06 mmol) in toluene (30 mL},
diphenylphecsphoryl azide (1.97 mL, 9.14 mmol) was added room
temperature, and the mixture was stirred at room temperature for
15 minutes, and in an oil bath at 90°C for 3 hours. The reaction
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[ 0340] 15 [0341] To a solution of tert-butyl
2-0x0-1-[ (1R)-1- phenyl ethyl ] pyrrolidine-4-carboxyl ate
(30.05 g, 0.104 nol) in N, Wdinethylformam de (210
m.), iodonethane 26.0 nL (59.28 g, 20 0.418 nol), and
then sodi um hydride (55% &% oil, 11.35 g, 0.260 nol)
was added at roomtenperature in nitrogen atnosphere
while stirring the m xture. \Wen inner tenperature

i ncreased to _about 50C, the _reaction m xtur

mixture dfaed HAusee By 2Ny SE¥lvarerated R0 dter r %Bgt e
solutiAfit emschanjedgwitie sEthirattedaagneens rlntbdonap 2508 Lver
hydro éﬂaaﬂbahuts 0f0 I, thead XbUraLYASarsd igatedafed 23ueous
soluti %u sgﬁﬁ}lﬁe@ﬁiépﬁén pslou Fn%) L e ddit 0 ek dresult:.ng
aqueous so | on.of tr # of 1@%)%|tr|gdagfter
Organ%ﬂu}%§55 §oof F%% a&#?gFog?l Y e SRR ufef or
removig® mhﬁuti@§81t:¢remﬁ xaaind igasbex £+ beradd afl -t rhet Rpfvent was
removedl elyatigst BD0ation SHer kedthed opgestrd ayeobtatnetB crude
produé%“ﬁw @ﬁg &AM &@5§ﬁ“§§@c§anﬁﬁéur%E@ﬂt%ﬂ%eQbﬁaﬁﬁédﬂdﬁﬂae

chlor de After dryin t vqr.ous
preduc oélun1sg% é 1socyana£§ﬂsg%ﬁ% JEol GIQB H 4-dioxane

(16 w1pi) ppgy ﬁ%nhYWTfWJﬁ FeRt 61 ek dfcer §ouhber

soluticeuernd phessixteirelhescendentdaie amasalpiubiaﬂ:hedtbﬁO"C for
3.5 hdu@sh 'ﬁié 63 @€lonC @l 4HAr € hionaiogeaphy ctal thdon makiced
pressui%ar @% i 3ﬁ§ghtré¥é %Egy£z§8f¥égféé¥1y5dlst§mge§f%fﬂh

utlon | a oner exa e et
ethanojcett? }%ﬁageﬁgH eH é‘hef}/ Yo e&“bt(glonm#b E %)éd
aqueousf spi-yhipo| f % Jllgfb#é'ﬁirﬁ’ﬁéd?l‘ﬁse did a&slaem% with
stirrisgl fdr AXkDIirgi{=4A.03%) Thelunﬁqiﬂlag|myxtsnaewasﬁextracted

with diehtobUhdtndd) 150 mL, + 2 x 50 mi), and the organic layers

were d mﬁﬁfu@gfealé% Sa&géq [vﬁl%ﬁbaﬁhgami a_é;]rrp)éﬁ%‘f b 'ne)xf%e%ar
remowegc%é?sdﬁﬁﬁcafl@s @fsar éy 3LEEAY dheyse ‘fe%

removeg Py @lﬁlljlatp.cm md@rp@aduqe@yj(elsppred tOJ obtaim ol +§ g
(quant3t8BitdH ofl,thk T AMe]l thiryet Scibdulid ad, an:e&ﬁlahkhngn
ocil. %%g?gﬁkﬁggﬂalﬁedlégadé pEdduck: %%B7u§8d(§ﬁ|tﬁg sui4knt
reaCtltﬁ*RS"lgﬁ hyar ox&r{%rné’?l%]lﬂgg%&%yl [(1R)-1-

[032 henylethyl]pyrrolldlne 3- carboxyl at e
H-NMR (400 MHz, CDCl;)8 ppm: 1.13 (3H, t, J = 7.6 Hz), 1.27 (3H,
sy, 1.46-1.58 {(1H, m), 1.49 (3H, d, J = 7.1 Hz), 1.68-1.80 (1H, m),
2.10 (1H, t, J = 7.0 Hz), 2.68 (1H, 4, J = 9.8 Hz), 3.13 (1H, 4, J
= 9.8 Hz), 5.51 (1H, g, J = 7.2 Hz), 7.24-7.35 (5H, m).MS (ESI)

m/z: 247 (M+H)™.
[0323]
[Reference Example 40]
{3R*,4R*) -3- {tert-Butoxycarbonylamino) -4-ethyl-3-methyl-1-[(R) -1~
phenylethyl] pyrrolidine
f0324]




15[ 0344] [ 0345] To a solution of
tert-butyl (38)-3-nethyl-5-oxo-1-[(1R)-1- 20

phenyl et hyl ] pyrrolidi ne-3-carboxylate (10.0 g, 33.0
mmol ) and triethyl phosphite (6.78 nL, 39.6 nmol) in
anhydr ous tetrahydrofuran @865 nL), |ithium
bistrinmethylsilylamde (46.1 niL, 46.1 mol, 1.0M
solution in tetrahydrofuran) was added at -5C, and the
m xture was stirred at the sane tenperature for 30
mnutes. 25 After bubbllng oxygen gas into the

Hmeac n m xt Bee— our's, saturated aqueous
#ion of ammbimi ehl ori de (150 nL) was added to
t ikture_ip an bath, and the m xture was

coficent r at ed undereﬂfduced pressure. Water (100 ni)
SSpgded to the r rhie and the m xture was extracted
1§%%p3§thyl acet'ate é 0 mL x 2). The 30 organic |ayer
was washed with SEPEY 4t ed aqueous sol ution of sodi um
[032§mlor|de (200 nL), and dried w th anhydrous sodium
SHU ate AlLer of oovng, Lhe, sabyent s by, flistid t%gag using
nder uce FeSsSure, 1he . res
the CBIJS cFFder brgnﬁmﬂﬁ%ﬁ%ﬁ'ﬂaﬁh?e%&a%egxo TR -
5 phenyhe:tétsam@yrrmidmemmdu@dobmaﬁnferencg Emrm% 3¢ the
(Sterédl'g’s!&ne&fsBQQW@O?Bdg,aS? aPakeiyekbovboialy $L[b§tgam(ﬁig.l]__| fiho1,
Y
ool U G ot e )
o32el5y m. Ms (FAB+) mz: 320 (MH)+. 5 HRVB (FAB+) m z:
*H- NMRC&H@@ m:sx, CIBH26A0Eem 320.- 88623EFound! 32011883, [RI1-1.21
10  (1H, W)ATR).21 3383,d29T78; 233%1z)236042179H, £)684,.5483H, 3),
1.55-14036, (14368 , 1804311269, (13234, , 13677 cmd, {,017] 9.2 Hz),
2.55 {lgﬁf%re € 5’(9”%& Azﬁ]slllo( 1%3 t¥'9 5 Hz), 2.92 (1H, t, J

d
= 8. 7ﬁf?ény| et%ylr]?ézrgol T o3, Fbdyi0atdH [ 5388 4 RS (SH,

m) .
15 Ms (ESI) m/z: 333 (M+H)".
[a]1p?%r = +30.3° (¢ = 0.405, chloroform)
[0327]
[Reference Example 41]
(3R*,4R*} -1-Benzyloxycarbonyl-3- {tert-butoxycarbonylamino) -4-
20 ethyl-3-methylpyrrolidine

{0328]
C e
Ph bz i
isomer BB isomer BB .
[0329]
25 The procedure of Reference Example 36 was repeated by using

the {(3R*,4R*)-3- (tert-butoxycarbonylamino) -4-ethyl-3-methyl-1-
[ (R) ~i-phenylethyllpyrrolidine produced in Reference Example 40
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Phl) NPh 15[ 0349] To a solution of tert-butyl
(3R) - 4- hydr oxy- 3- net hy1l- 5- oxo- 1-
[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3-carboxyl ate (9.35 g,
29.3 mmol ) in tetrahydrofuran (150 nmL), a solution of
borane in tetrahydrofuran §82.6 nL, 96.6 muvol, 1.17M
solution in 20 tetrahydrofuran) was added in an ice
bath, and the m xture was stirred roomterrperature for
14 hours. Water (20 nL), ethanol (80 mi), and
(stereois@usy &% neg-P209nl§ - Werwolddée® PBtRHe 1‘e7a'—??t iSor{4-83 mmol,
79%) of Xthe eadmgeanconpotmad hgs angatilee prinkt guremyeao st ed
[o33dgnder refI ux in an oil bath at 88C for 2 hours. After

1 Co n i reacti unde duc

o QB BBch 13,6885 ) O L o WIrel 00 g .
a@tzé%l Wentle %yjr ot etldtre 206 - ft- 3( “}L; g

3.26 [%Iry.eml)v»a§ wAsBeds W 1th gat.uBatdéd (Qq@lﬁouﬁ% s3bl=ut]110ﬁ Hfﬁ')r 4.10

(0. 7H,scwbl um.ahl eritden£200 siga-sang deHedm th. EaHw.dBOUSH, ).

MS (E%Bst#/‘% Subg-at gy 'gh +sol vent was renoved by

a5 at_l on un reduced pressure, and the residue
[elo™ 30~ wakP pur itFi 8d° b%/G%'I I‘?hzc,lé’r 5I°r813I um chr onat ogr aphy
[0333dhexane : ethyl acetate = 3:1 -* 1:2) to obtain 4.75 g
[Exam;(]fesma ) of the title conpound as a colorless oily
(3@“@%@“@6Amiﬂ§5@4ethy1 3- meth%&b%ié@&ml]c@cﬂwro 1-
. gbvide p Gta)

[(1R BB, _F163:-530k1, ., 1.44

d, J

. N
DD
%

ST =
959EHiﬁ&iiﬂaihiﬁﬁiﬁﬁxiﬁi4ﬁiﬁkd, J=9.8 3.9 H), 2. 75-2.82
(033201111, n), 2.92 (1H, d, J - 9.8 Hz), 3.31 (111, g, J =

6.6 Hz), 4.38-4.45 (1H, m), 7.20- 7.30 (5H, m). MBS
(FAB+) miz: 306 (MrH)+. 5 HRVS (FAB+) nfz: Calcd for
C18H28NOB: 306.2069; Found? 306.2064. IR (ATR)v: 3450,
2976, 2931, 2785, 2 0, 1603, 1493, 1477,
54, 1367, 281, 1255 "cnt [ 0351] [ Ref er efice

o
( 'R) 1 25 'yAocar bon{:fmeg&fydrox-s-

COCH

Br boxyt=at N 0352+—eHB:4F=o—t5—>~
Chz

isomer BB isomer BB

f0333]
By using a procedure similar to Example 1, the (3R¥,4R¥*)-1-
benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-ethyl-3-

" methyvlpyrrolidine produced in Reference Example 41 (439 mg, 1.211

mmol) was converted to crude (3R*,4R*)-3-(tert-
butoxycarbonylamino) -4-ethyl-3-methylpyrrolidine (285 mg,
guantitative), and 283 mg of the product was reacted with 6,7-
difluoro-1-{{1R,28) -2-fluorocyclopropyl] -8 -methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid - difluoroboron complex (434 ng,
1.201 mmel) to obtain 256 mg (0.565 mmol, 47%) of the title
compound as a white powder.

[0334]
mp: 167-169°C.
[a] >t = ~97.6° {c = 0.127, 0.1N NaOH).

'H-NMR (400 MHz, 0.1N NaOD)d ppm: 0.96 {(3H, t, J = 6.9 Hz), 1.25-
1.44 (5H, m), 1.49-1.68 (2H, m), 1.94 (1H, m), 3.37 (1H, d, J =
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HO-Me ?2-'0 15[ 0353] To a solution of tert-butyl
(3R) - 4- hydr oxy- 3-net hyl-1-[ (1R) -
1- phenyl et hyl I pyrrolidi ne-3-carboxylate (2.00 g, 6.55
mrol ) in ethanol (10 nL), 1N hydrochloric acid (6.88
m., 6.88 mml) was added afp2room tenperature, and the
m xture was stirred for 10 20 m nutes. After
concentrating the reaction m xture under reduced
ressure and dissolving the residue in ethanol (50
10.5 ﬁ@) . 3% Pal’fadPBm Blar g?crr?%ét-gﬁyétlﬂ( 28b my)PAnedHad g8, 7 =
66.4 End theéSsudfendi of wakt &t iHa)ed8i-A%aklBi Ishath at 50C -
Elemeh @yl ArQyks si _ﬁohydglgg;@'mﬁ?_rtli)silner@, Sﬂﬂkfd;ﬁr filtering
actd o fuge, -t he. t S
calcyg%ézgﬁfra(%'egiwgﬁd %I hes'?gihﬂ‘gdeiﬁgﬁ %Ogﬁ?j' and
Foungyi at%%*%ﬁd#%n@hﬁéfogen é¥ o t@'% 0 m.) were added
MS (FAR) tHe:r e$2duli+Hnd benzyl oxycar bonyl chloride (982
IR (ATH),: 62887 mpé)o wassaddedsiin an2s cerdicst,h15TNe MBXTurktos,
1456, WaS; St i1hked aks§ 00 dLMeREal URGsh0Em3 hours, and the
anmgeactlon m xture was extracted with ethyl acetate (100
X 2). 30 The organic |ayer was washed with
[Refexenagy Paguddlis sol ution of sodiumchloride (20 ni),
tert - By ldli-edoni t b { SRhyidriesyd edbyil putfot kdinkhd - late
[0336was renoved by distillation under reduced pressure and
the residue was purified by silica gel colum
chromat ogr aphy (hexane : ethyl acetate = 2:1 -4. 1:2)

to ogpghn 2.00 g (91.1% of 35 +title conmpound as a
ess oily substance. 4] 2H NMR (400 MHz,

C
0;%1%)8 ppm 1.30 (311, s% 1344 (911, s), 2.10 (111,
ddN"J = 30.9, 3.8 Hz), 3.96°8745 (211, m), 3.68-3.79

(2 ., 4.45- 4.51 (111, g 13 (211, s),

7.28 8 (511; m. 5 M5 (FAB z: 336 (MrH)+. HRMS

(FAB z: Calcd for C131126N05+336. 1811; Found:

336.1789. IR (ATR)v: 3421, 2978, 2941, 2885, 2364,
(03371788, 1707, 1687, 1498, 1456, 1423, 1367, 1319, 1257,

213, sddBdn&iBr? od 3382b-10 ([ Ref ef afcheampl epdFlolidine-

t - Bu . .
s-car bR G Aoty 8. Rebhy 2 iSRS a R 30

Xyca ) oxgﬁyrro -
was ad@g@b82§gﬁ¥ébutyluN,N ~diisopropylurea 20 g, 15.00 mol) at

room temperature with stirring, and the reaction system was cooled
by adding ice water to outer bath when increase of inner
temperature and start of the refluxing were noted. When the
temperature decreased to room temperature, the reaction mixture
was stirred for 1 hour after removing the ice bath, and foxr 3
hours by heating to 40°C. After stirring the reaction mixture in
an ice bath for 1 hour, the insoluble content was separated by
filtraticn, and the solvent was removed by distillation under
reduced pressure. The residue was purified by silica gel column
chromatography (silica gel, 4kg; elution sclution, hexane : ethyl
acetate, 3:1) to obtain 925.2 g (64%) of a mixture of isomers at
position 4 as a pale yellow syrup. Although separation of the
isomers was easy, the isomers were used without separation since
the subsequent step involved racemization. H-NMR spectrum of the
isomers authentic saple is shown below.

[0238]
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[ 0356] 15 [0357] To a solution of oxalyl chloride
(1.01 m., 11.7 nmmol) in dichloronmethane (40 nL), a
solution of dinethyl sulfoxide (1.11 nm., 15.6 mml) in
di chl oronet hane (5 nL) was added at -78C, and the 20
m xture was stirred for 109s nutes. After adding a
sol ution of tert-butyl
(R) - 1- benzyl oxycar bonyl- 4- hydr oxy- 3- net hyl pyrroli di ne-
3-carboxylate (1.97 g, 5.87 nmol) in dichloronethane
Low pelayrify) ige#eStirring the mixture for 1 hour,
'H-NMR T(4@bhyiani gec(H.608pnt, BAD (ml )vas .addésl, and I he 7.08),
2.59-M%M gﬂ'zﬁi,W?zi‘),szibéﬂ_eﬁ.9372@1-1f,0En)ﬁ03[TiL@Ut__ﬁ§, 2mand=iB.an, 8.79
C r N e ot he reagt ure were
H?} ! éa'd‘%eda?;t,graét gd”g%UJ’e%'uze's?—g’l l%i)éneb?ga%nmu%'cwéri de
High pdgnity 4/8™G&fer (100 ni), and the mixture was
H-NMRexX@0ac Ved, WbhlgBhpbmacet @tce (9200 sil. .33 . (e dr ghr 7-32),
2.59-4 aper{zwgsmyashedz vé 11 water m¢ 100. pt) (Bnd &Ht Ur at ed. 01,

5.62 BAUEQUE SQhti @R of sadi i chl gni dg) (190415 362081, ).
(0339 ri'ed 30 with anhydrous sodi um sul fate. The sol vent

s renoved by distillation under reduced pressure,
[Refergnge ﬁ:éafﬂééﬁd%%] was purified by silica gel colum
tert - Btvdnme 86y F aphyt iexameccetihfI( 18¢ el apeny Terhy 1l by3ro) idne -
3_Carﬁﬂﬂyﬂﬂﬂel.68 g (85.890 of the title conpound as a
[0340§£é0r|ess oi ly substance. 35[0358] 98 1H NWR (400
, CDC13)8 ppm 1.34 (3H, d, J = 4.9 Hz), 1.38 (9H,
s), 3.46 (1H, d, J = 12.0 Hz), 3.81 (1H d, J = 19.0

"Hz t10- 4.19 (1H m, 4.35 (1H. _dd, J =5.9, 12.0
£o08y E R d
8

ilﬁf?, 5.19 (211, s), 7.30- 7. ‘. 5 M5 (FAB+)
o miz: 334 (MtH)+. Cal cd forO 4ANO5: 334.1654; Found:

34.1643. 294T, 2889, 1768, 1M1, 1498, 1454, 1421,

1134 cm 1. [0359] 10 [aéx@ce Exanpl e 48]
[0341}

To a solution of tert-butyl 2-oxo-1-[(1R)-1-
phenylethyllpyrrolidine-4-carboxylate (30.05 g, 0¢.104 mol) in
N,N’ -dimethylformamide (210 mL), lodomethane 26.0 mL (59.28 g,
0.418 mol), and then sodium hydride (55%, in oil, 11.35 g, 0.260
mol) was added at room temperature in nitrogen atmosphere while
gstirring the mixture. When inner temperature increased to about
50°C, the reaction mixture was cooled to 30°C by adding ice water
to the outer bath. After changing the bath to a water bath at an
outer temperature of 17°C, the mixture was stirred for 23 hours.
The reaction mixture was poured into cold aqueocus solution of
citric acid (1L of 10% citric acid and 500 g of ice), and after
stirring the mixture for 30 minutes, the mixture was extracted
with ethyl acetate (800 mL, 500 mL). The organic layers were
combined, and washed with saturated acqueous solution of sodium
chloride. After drying with anhydrous sodium sulfate, the mixture
was subjected to filtration, and the filtrate was concentrated
under reduced pressure. The concentrate was purified by flash
silica gel column chromatography (elution was started at hexane :
ethyl acetate of 5:1, and after elution of the low polarity isomer,




10

15

20

25

30

35

tert-Butyl
(5) - 1- benzyl oxycar bonyl- 3- net hyl - 4- et hyl ene
pyrrolidi ne-3-carboxylate [0360] 15 [0361]
To a solution of nethyltriphenyl phosphoni um brom de
(2.02 g, 5.65 nmol) in anh§4rous tetrahydrofuran (30
m.), n-butyl lithium(3.11 nL, 4.78 mol, 1.54M
solution in hexane) was added at -78C, 20 and the
m xture was stirred for 20 mnutes, At the
hexang emsdtattuPESTALS oFRE | Birnsed: 5Pt 4 piit yFO obtain 10.63 g
(33.7%R)efl Highzpbbxythy biosynder3the title compound as a white

golid rretltsy§14goz<4>1oyﬂ)oldfdlme~ ﬁoE@fi@(ﬁsain%r( br4begt-Buidbl (4R) -
n
o-neeR A8 G R RIS o LR WA -egede vae

also ?ﬁ%ﬁﬁﬂqg ‘was stirred at 55C for 3 25 hours. To the
[0342leacti on mi xture was added 10% aqueous sol ution of
‘w-NMRCi(2bbCv@g] ciB0Q) Flgpm N ansicertrdt hs) and sthezgol afion: 7.10
Hz), 2"‘@57 C(Qﬁcgﬁgr.gtfdlﬂrtﬂq{z)rs‘éﬁt@ggt(gﬁes@wcﬁ‘ Mét, ‘étr 83003 .05
(1H, xtrac 9 & ‘ﬁf @%gtgfeB(ioboﬁgqﬁhZ)s %ﬁqugga i
7.1 Hﬂ)ayérz%ag %%sﬁ@d dﬁ h saturated aqueous 30 sol ution of
[034330di um hydr ogencar bonate (50 nL) and saturated aqueous

[Refers@lcd! E@BmBie Sadi um chloride (50 nl), and dried with
tert - M AN 9RS . 30 W81 f a8y The. 500 vent (4gs removed by

=t et n 710
EEEE&EE%&&Q@@YKrg *ﬁhne:37§ %Qxxl.igzzu; co?o?Fege oi ly "
[0344dubst ance. 35[0362] 99 1H N14R (400 MHz, CDC13)5

pn1 1.36 (311, d, J = 6.6 Hz), 1.39 (911, d, J =2.0
Hz 24 (111 dd J = 13 7, 11.2 Hz), 4.05-4.16
4.19-4.29 (1HQ m) |.5.04-5.18 (411, ),

3 FABH)S nf z: 332 (MtH). . 5 HAMB
( AB+) niz Cale faqr FQGhD4: 332.1862; Found:
32.1869. IR (ATR)9 76, 2935, 2873, 1705, 1498,
,)qpégo 1417, 1362, 13Q8\_1275 1257, 1213, 1159 cm 1.

63] [Reference Exanpf% 49] 10 '

[0345é5) 1- Benzyl oxycar bonyl- 3- net hyl - 4- net hyl ene

8 (511, m HO

yrrolidine-3- carboxylic aC|d 0364
o a solution of tert-butyl {38)-3-metliyl-5-oxo-1-[(1R)-1-

phenylethyl]pyrrolidine-3-carboxylate (10.0 g, 33.0 mmol) and
triethyl phosphite (6.78 mL, 39%.6 mmcl) in anhydrous
tetrahydrofuran (165 mL), lithium bistrimethylsilylamide {(46.1 mL,
46.1 mmol, 1.0M solution in tetrahydrofuran) was added at -5°C, and
the mixture was stirred at the same temperature for 30 minutes.
After bubbling oxygen gas into the reaction mixture for 2 hours,
saturated aqueous solution of ammonium chloride (150 mL) was added
to the mixture in an ice bath, and the mixture was concentrated
under reduced pressure. Water (100 mL) was added to the residue
and the mixture was extracted with ethyl acetate (200 mL x 2}. The
organic layer was washed with saturated agueous solution of sodium
chloride (200 wmlL), and dried with anhydrous sodium sulfate. After
removing the solvent by distillation under reduced pressure, the
residue was purified by silica gel column chromatography {(hexane :
ethyl acetate = 1:1 — 1:4) to obtain 9.61 g (91.3%) of the title
compound as a pale yellow oily substance.
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15[ 0365] To a solution of tert-butyl
(S)-1-benzyl oxycar bonyl-3- nethyl-4-nethyl ene
pyrrolidine-3-carboxylate (710 ng, 2.14 nmol) in
di chl oronmet hane (8 nmL), trifluoroacetic acid (4 nlL)
was added in an ice bath, apd the m xture was stirred
at roomtenperature 20 for 2 hours. Saturated aqueous
sol uti on of sodi um hydrogencarbonate (20 nlL) was added
to the reaction mxture, and the m xture was washed
(0348 t h diethyl ether (20 ni). After adding 1IN
‘H-NMEhy(dooc iHer | ¢DeG) @ ppmt ha .2gueobBs [ By®r mit,he .sixeube (3H,
m) , smamr aqﬁedmmt’ﬂ edlorof asm, (&0 L x 2), and the
MS (Fﬁga \g? drl ed with 25 anhydrous sodi um

RS f“”i‘ea/are?gﬂp B o hCa00 Jh L2061 orty B natl- 53,

IR (ATH)M:e 8ofpolRT8as 28360] 8Bfesslbid.y 1S84st angd, ]1O366]1362,
1304, liddVR1£400 ME7 &DE13)8 ppm 1.44 (311, s), 3.23-3.36
[034747111, n), 304.11-4.30 (311, m), 5.09-5.25 (411, nm,

. M5 (FABL miz: 276 (MtH. HAMS
[Refergt, Eﬁ’)énf‘mp %de for. CL5111eN04; 276 1236, Found:
tert-Buryll 438) -4 glavq AdpllétBhT1-

pheny Ye8hvi] Benzgl i e&et - but oxycar bonyl ani no) - 3
[032g9met hyl-4- nmethyl ene pyrrolidine [0368] 5 TS)COOH
- Boo

Q Lk
Me )
HoMe, ..-Lo/l< Hof? 3 0

)\Ph )\Ph

[0349]
To a solution of tert-butyl (3R)-4-hydroxy-3-methyl-5-oxo-1-
[{1R) -1-phenylethyl]lpyrrolidine-3-carboxylate (3.35 g, 29.3 mmcl)
in tetrahydrofuran (150 mL), a solution cf borane in

- tetrahydrofuran (82.6 mL, 96.6 mmol, 1.17M scolution in

tetrahydrofuran) was added in an ice bath, and the mixture was
stirred room temperature for 14 hours. Water (20 mL), ethanol (80
mL), and triethylamine (20 mL} were added to the reaction mixture
in an ice bath, and the mixture was heated under reflux in an oil
bath at 88°C for 2 hours. After concentrating the reaction mixture
under reduced pressure, water (200 mL) was added and the mixture
was extracted with ethyl acetate (200 mlL x 2). The organic layer
was washed with saturated aquecus solution of sodium chloride (200
mL}, and dried with anhydrous sodium sulfate. The solvent was
removed by distillation under reduced pressure, and the residue
was purified by silica gel column chromatography (hexane : ethyl
acetate = 3:1 — 1:2} to obtain 4.75 g (53.1%) of the title
compound as a colorless oily substance.

[0350]
'H-NMR (400 MHz, CDCl;)}8 ppm: 1.25 (3H, ), 1.32 (3H, d, J = 6.6
Hz), 1.44 (9H, s8), 1.92 (1H, d, J = 6.6 Hz), 2.39 (1H, 4, J 9.5

It
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[ 0369] To a solution of

(S)-1-benzyl oxycar bonyl- 3-net hyl-4- net hyl ene

pyrrolidi ne-3-carboxylic acid (590 ng, 2.14 nmol) in

10 toluene (21 nmL), triethylam ne (597 ul, 4.29 mol)

and di phenyl phosphoryl azgsle (508 gl, 2.36 mmol) was

added, and the m xture was stirred at roomtenperature

for 1 hour. The mixture was then heated under ref |ux

in an oil bath at 125C for 1 hour, and concentrat ed.
Hz) . TR cOkoefflr af e= wast dissbifdd Pn’i-2:88% oldhe W8 ALy2 (1H,
d, J 4% andiz6N Rydto¢Hiorac Bci & .€4HAL) a8 added. (1ARt &, 7.20-
7.30 B mphng for 1 hour, water (20 nL) was added to the

MS (F%éaZtM? thrgeoigtq )and the mxture was vvashed Wi th

The_aquequs. | | ka
HRMS \fRH) 5 Era qES%uglﬁgﬁNﬁ’Fr ort %6t ‘:'@ggru orfdl:¥40¢ Fbea.
(ATR)OI:0gBHEGN RONTaL e 29and 2X8F A3 WILTROGhLBROf GtAAT 10093,

1477, Masa,2i36The12€1 orges,c 1zayeemwas dried wi th anhydr ous
(0351 od| um sul fate, and the solvent was renoved by
til Iatlgn %&d reduced pressure. The residue was
R dic

[REferc?né“? Fved® hl or onet hane 548 m.), and di -tert-but¥l_
tert -Byutydr Y3RAr &- POy WRKY SR TPONAn A Y BYREoTH s AStRYIRYFEglidine

3-cartgattiat&he sol vent was stirred at 25C for 19 hours, and

[p3soffhe reaction mxture 25 was concentrated under reduced
pressure. The concentrate was purified by silica gel
col um chr omat ogr aphy (hexane : ethyl acetate = 5:1 -*

3:1pto jobtain 514 ng (69.25) of,the title conpound as
Ho 8Meg O} J{ss oi l'y substancg, 37 3021-1-NWR (400

13)5 Ppnt>=1. 42 S) 146 (3H, s), 3.56
» t, J = 9.2 Hz), 3.85-3)98 (13, m, 4.13-4.26.
(414, m, 4.62-4.74 (1H, ¥, 5.01-5.17 (414, m, |
"2 7.38 (5H, m. M5 (FAB%) mz: 347 (MA-H). HRMS
(FAB+) mlz: Calcd for C29H27N204: 347.1971, Found:
[0353347.1954 101 IR (ATR)v: 3334, 2976, 2931, 2873, 1695,
1498, sd148i orll 410 tek398nut FB6 B3R 128y dikdddr - 31 @& bhy1165( (1R) -
1-phe %hyﬂ?&igéoﬂfﬁﬂh%r@n%§r§5§§P£€e5 H.& g, 6.55 mmol) in
ethanogﬂ'te rt 1 %%% %&g%ggl QQ}&026 %dﬂ%&hy% %Snﬁttngﬂ s
dded a room temperature, and the mixture was stirred for 10
minutes. After concentrating the reaction mixture under reduced
pressure and dissolving the residue in ethanol (50 mL}, 10%
palladium-carbon catalyst (200 mg) was added, and the suspension
was stirred in an oil bath at 50°C for 14 hours in hydrogen
atmosphere. After filtering the reaction mixture, the filtrate was
concentrated, and the diethylether (30 wlL) and saturated sodium
hydrogencarbonate (30 mL) were added to the residue, and
benzyloxycarbonyl chloride (982 pl, 6.88 mmol) was added in an ice
bath. The mixture was stirred at room temperature for 3 hours, and
the reaction mixture was extracted with ethyl acetate (100 mL x 2).
The organic layer was washed with saturated aqueous solution of
sodium chloride (20 mL}, and dried with anhydrous sodium sulfate.
The solvent was removed by distillation under reduced pressure and
the residue was purified by silica gel column chromatography
(hexane : ethyl acetate = 2:1 — 1:2) to obtain 2.00 g {91.1%)} of
the title compound as a colorless oily substance.
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[0373] 10Ammoni a gas was bubbled into a sol ution of
(5)-1- '
benzyl oxycar bonyl- 3- (tert - but oxycar bonyl am no) - 3- net hy
1-4- methylene pyrrolidine (488 ng, 1.41 mol) in
tetrahydrofuran (7 nL) at g78C to produce a m xed
solution of liquid ammoni a and tetrahydrofuran (20
m.), and sodium (162 ng, 7.04 mvol) was added. 15 The
m xture was stirred at the sane tenperature for 10
[035%) nutes. Saturated aqueous sol ution of ammoni um

Aa-nME h{aod derz(,2@pol)) vasmaddeds @t (3W8G) ,and ashdoHi, xBure2.10 (1H,

dd, J\A@S:a?;g?,r r£d ?tz)r,ownéeﬁm@g a(tz}It',enf)QrSSQSHime&Hl,T;ﬂl_)t,h@.cls—
reactj.on | ur queous sol ution
4.5t 6??%6%%Uﬁghﬁdﬁgﬁéﬁ%gfggﬁgféﬁ%gb(%E§,mghd the sol ution
MS (FHRY 30 Zéxt? t@%*uﬁth chl oroform (200 nL x 2). The
HRMS ¢FRBINI 0/kayctalwss fdni ScHaiNds : ard3@riddd isotrwd subpai £782.
IR (ABRVIhess0l vesis Wasanempved, bysgli stiddagt non7yundes7, 1498,
1456,VEQH§Pq%ﬂﬁ€S§§&§ L, Ot &y 3218 199 (42 9% of the title
[035§£npoun as a colorless crystals. [0374] 25[a]r)25'1
2= 274,09 glc = 1.04, CHC13). 1H NMR (400 MHz, CpCl3)6
[Refepppfe ExXerries87{ 1211, m), 2.90 (11-1, d, J = 11.7 Hz),
tert-Budbl ((RM-fi-bdpnzylexidarbdin)l - 33meOhgl 57-¢Adhyuroligies-3-
carbofyldse d, J = 16.1 Hz), 4.64 (111, brs), 5.01 (1H t, J
(03561 2 2 Hz), 5.04 (1H t, J = 2.2 H). 30 M5 (FAB+) nlz:
D13  (MH) +. HRVB (FAB+) miz: Calcd for CL1IH21N202:
213.1603; Found: 213.1600. IR (ATR)v: 3284, 3199,
29780 2922, 2829, 1695, %?60, 1556, 1441, 1365, 1333,
1288% 1219, 1248, 117@Mgnu./1/\€>375] 35 [Exanpl e 15] -
HQA) A FIQ(3S) - 3- Ani_no- 3~E-h @~ 4-net hyl ene
pyrrolidine-I- 1]-6-fl{uono-1- :
[ (&R 2S) - 2-f 1 uor occnet Mpx- 1, 4- di hdr o- 4- -
oxgqui nol i ne- 35 carboxyld ¢ acid [0376] [0377]
To a solution of
[035713S) - 3- (tert-but oxycar bonyl am no) - 3- net hyl 4- net hyl ene
Y BOLLELPEoh 2d8 Jb1vh- CR1BWRAEL D, 6H MRt hyil sukdexi dén
dlchl%:%(egp%lpng(%pagiF,t hélls?o uq:elo(nlsoGE laime%h%f% gg?%c_))xz%ed {(1.11 mL,
15.6 wmolR 28) d2chlopperiiEineprGpil] - Bafed®d5d -2t 478 Ry il 4he
mixtwexoge solirned Eaarfoxinuceaci ;Aftal fddddngbar apkution of
tert-HARRl &X) ¢ B3BehElyloR3h bRl ) - Wwehgd feieed -nttthyilbgrrol idine-
3~carﬂq%§&QEg %@?9%%#!r§¥§#“ﬁﬂb@?”EheﬁPéﬁfoBﬁ%éHQhe3(QQY§L) and

T I on r n r
stirring t%gaggxgure éfjfaﬂgﬁi,cgrggpﬂyféﬁgheiygqsa mL, 42.9

mmol) was added, and the mixture was stirred -78°C for 30 minutes
and in an ice bath for 30 minutes. To the reaction mixture were

- added saturated agueous solution of ammonium chloride (50 mL) and

water (100 mL), and the mixture was extracted with ethyl acetate
(200 mL x 2). The organic layer was washed with water (100 mL) and
saturated agqueous solution of sodium chloride (100 mL), and dried
with anhydrous sodium sulfate. The solvent was removed by
distillation under reduced pressure, and the residue was purified
by silica gel column chromatography (hexane-ethyl acetate = 10:1 —
3:2) to obtain 1.68 g (85.8%) of the title compound as a colorless
olly substance.

[0358]
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15 to the concentrate were added a m xed sol uti on of
et hanol and water (ethanol : water, 4:1) (25 nL) and
triethylamne (5 nL), and the mi xture was heated under
ref lTux in an oil bath at 90C for 3 hours. The
reaction m xture was concepgrated under reduced
pressure, and 101 aqueous solution of citric acid (50
m.) and 20 water (50 nL) were added to the residue,
and the m xture was extracted with ethyl acetate (100
*H-NMRyl (40 02 MHZThED@kg &nPem| ayeB4wddHEvadhell <ni4-1? Wt er 1(39 (9H,
s), 3§ @Hl st drat e@l. acmous .$al UllHondof I sediuf &l or Ra&0-
4.19 (5@ Hy), 4The Qigankg, |ayers wasidrbedzw td, mnhedr,o8$, 7.30-
v 40 sul fate, and the solvent was renoved by
["at i on under 25 reduced pressure. The residue
M3 F%%é HV%SOF%%H ®4Héoncent rated hydrochloric acid (10
HRMS (FAB')nman: i ¢lelsdt Hora@aHifi@s sol33td-3A5%as Baundredd 3t - 1643.
IR (AT t £9PEr afdie LeBalOingautes.y Wauer, (2@s41) 1@, 1369,
1290, tqgkhes s gactjon mxture, and the m xture was
(0353 ed with chlToroform (50 mL x 2). In an ice bath, 10
1/1 aqueous sol ution 30 of sodi um hydroxi de was
[Refexpnne) H@gmphe 4Blieous layer to pH 12.0, and the pH was
tert-mojwist{sd uebénﬁylmxxuhhhmmydeaeeathﬁleﬁﬂhvdnd@hhgr|c
pyrrojgaiﬁe;§h@a§gbg§1§gbmﬁs extracted with chl oroform (100
1036 X 2). The organic |ayer was dried with anhydrous
odium sul fate, and the sol vent was renoved by
di stillation under reduced pressure. The 103 residue
- was purified by recrystallization from ethanol, and

the& cr als were dri nde educed pressure to
-0 tﬁu 4 ng (57.9- itle compound as a pal e
Iom10rysLaL&¢_[037 ] 5 np 100-102C. [a] D25.1 =
.9 (c = 0.39, 0.IN'NAOH) 1H NMR (400 MHz, 0.1N

0D)5 ppm 140(31 1z s), 1.49-1.72 (21-1, m,
:51-3.67 (5H ), 4.00-4.09 (1H ), 4.46-4.53 (1H
(03611, 4.21 (1H, d, J = 14.9 Hz), 4.97 (1H, d, J = 64.5

hl%)) go@&tiérlf"of_s)me %rﬁﬂnﬁkn Q%Z@sﬁlﬂu(nltﬂroﬁlldé 2.02 g,
.65 gl & bbb ioeluta i AR Bhbyy L

(3.11 ML,54338 mnoD, 17-544 sp@uIAOanrar#éexaele)swamadﬁedsafaz7 8°C,
and thle m@xﬁmrehWaéIBtmiIENBfQESBP miwute)s ARkEhe' sans| R
temperGATREY: a 283t il bf el -bhbyY, (HB4l-betbl8ox¥43bbonyl -3 -
methy 1:3:9? ?@019@1‘3‘% 31 %boi%f&telaﬁalé:@ 1, 5@3%%]31 in
anhydjws ESBE e r ch =Bc dy B pBRY) 395 S AERgE. SEadupt Ly
increagiagpthe| Reddrsptiase- Soglpigtire oras Btirdiely af o5 3 ndy 3
hours .y 1T - theo-rEduyivdomix 2uBe deds [abiddd 10% agueous solution of
citricP8R28XaZb NRLP-GARO% YL Badh] Gadd3EY solution was
concentrated under reduced pressure. Water (100 ml) was added to
the concentrate, and the mixture was extracted with ethyl acetate
(100 mL x 2). The organic layer was washed with saturated agqueous
solution of sodium hydrogencarbonate (50 mi) and saturated agqueous
solution of sodium chloride (50 mL), and dried with anhydrous
gsodium sulfate. The solvent was removed by distillation under
reduced pressure to obtain 710 mg {(49.3%) of the title compound as
a colorless coily substance. '
[0362]
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25[ 0381]

(-)-7-(tert-butoxycarbonyl am no)-7-net hyl-5-

. azaspiro[ 2. 41heptane (391 ng, 1.73 mol),

(35)-9, 10-di fl uoro- 2, 3-

di hydr o- 3-nmet hy1- 7-oxo- 7H-pgrido[ 1. 2. 3-de] [1, 41

benzoxazi ne-6- carboxylic acid - difluoroborane

conplex (580 ng, 1.76 mmol ), and 30 triethylam ne

(0.490 nL, 3.52 mmol) were dissolved in dinethyl
*H-NMRs Ul4f06x M@ . (B8DE3) 3 and: t He 3ol (gHi of: V%S“SQ-IGrrI'Té’drl A-ap (9H,
d, J oi1.batd) ,an.4aC(iBy @&, hbur 93.T0 tLhe2r@act i O0omdxllar é2H,
m) 4\/\@34 agdade(%a fih xeq. @@lytwm@af ab hanobo ands svafmr, m) .
MS (F#E,t al 3 ;@f 2) (7 m,) and triethylamne (2

z nd the xtHure was heat ed under ref lu 0 1{)

HRMS i | mlééfhcétlcléé’é FefdiB  hold%s 18PRe redth Cfon 32.1863.

TR (ATR)i:Ur 29WaSs TINECems7at, ed70hder49&ducied  pléddur &36andi308,
1275, ti‘gasrporlgqntranegv\@lsldi ssolved in ethyl acetate. The
ﬁol ution was washed with 10% aqueous sol uti on of
citric aci g vv?i and saturated agueous 5 solution
ﬁ| 6

[Refeﬂa%n%%dﬁxamp

carbo:byl:djeltda.kil ation under reduced pressure. The resi due

The cirganl c Izilyer vvas dr| ed wi_th

[o3sa¥as purified by silica gel colum chromatography
di chl oronet hane : nethanol, 98:2) to obtain 761 ng
(5.37 mmol, 90% of the title conmpound as a 10 yel |l ow
oi Ly product. [0382] 1H NWVR (400 MHz, CDC13)8 ppm
%‘ED. (1H, m, 0uR3 }_iL(lH m, 0.71-0.79 (1H,
87=0.96 (1H, (3H, s), 1.42 (9H, s),

W \\
?@61 (3H, d,_J__..=.,6.8:Hz 3.32 (111, dd, J = 10.3, 2.2
), 3.89 15(1H, dd, %"= 11.0, 2.2 Hz), 4.15-4.69 (5H,

&), 7.68 (111, d, J =714.2 Hz), 8.54 (1H, s). M5 (ESI)
mz: 488 (MtH) +. [0383] [ Exanple 16]

i036530(3S)-10-(7- Ami no- 7- et hyl - 5-azas iro[ 2. 4] hept ane- 5-

; hkrg.EbMQEQon of tert-butyl (8)-l-benzyloxycarbonyl-3- .
methy Sl By QEﬂegpﬁ?géﬁgﬁiﬁéxﬁacg§b8¥ i gof 1¢ABwe] 2l 1a4hmol)
in dlﬁﬁ?EQ%ﬁg ane (8 éf? cygéff%o%%gce 9§%§ id (4 mlL) was added
in an ice bath, and the mixture was stirred at room temperature
for 2 hours. Saturated aqueous solution of sodium
hydrogencarbonate (20 mL) was added to the reaction mixture, and
the mixture was washed with diethylether (20 mL). After adding 1IN
hydrochloric acid to the aqueous layer, the mixture was extracted
with chloroform (100 mL x 2), and the organic layer was dried with
anhydrous sodium sulfate. The sgolvent was removed by distillation
under reduced pressure to obtain 5%0 wmg (100%) of the title
compound as a colorless oily substance.

[0366]

4-NMR (400 MHz, CDC1;)8 ppm: 1.44 (3H, s), 3.23-3.36 (1H, m),
4.11-4.30 (3H, m), 5.09-5.25% (4H, m), 7.27-7.39 (5H, m}.
MS (FABY) m/z: 276 (M+H}™.
HRMS (FAB*) m/z: Calcd for CigH;gNO,: 276.1236, Found: 276.1222
IR (ATR)v: 3064, 3032, 2979, 2945, 2877, 2362, 1705, 1672, 1498,

1423, 1362, 1309, 1257, 1213, 1167, 1124 cm™

[0367]
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(35)-10-(7-(tert-butoxycarbonyl am no) - 7- net hyl -
azaspi ro[ 2. 4] hept ane-5-y1]-9-fl uoro-2, 3-di hydro-3-neth
y1l-7-o0x0-7Hpyrido[1, 2, 3-de] [1,4]
benzoxazi ne- 6-carboxylic am (761 ng, 1.56 30 nmmol)
was di ssolved in concentrated hydrochloric acid (6.5
m.) in an ice bath, and the m xture was stirred at
roon1tenperature for 120 minutes. The reaction m xture
[Refeyprcedita®lf 68 chl orof orm and saturated aqueous
(5) -1 sRéntyloncyohrbodi UAs hyickoxils cxasaatidepl ani ndye Jaaeddyd -4 -
methyl&Y€rpJiaAngiae bath to a pH of 12.0. Hydrochloric
[036§F'd 35 Was then added to adjust pHto 7.4, and the
ol ution was extracted 105 wth | ower Iayer of a
m xed solution (chloroform: nethanol : water, 7:3:1).
After conbining the organic |ayers, and drying with

Mangpgrous sodlun1su?&a H*&khe sol vent was renoved by

'stillation under ced pressure. Chloroformwas
lded to t-he—esi du nd 5 the insoluble content was
enoved by filtratioff The filtrate distilled under.
% educed pressure. Thé& residue was purified by
crystallization fromethanol, and dried under reduced
[03aﬂressure to obtain 260 ng (O 68 mmol, 43% of the

e S
aﬁg’%[m D%@ () ‘%y%g? 9%86‘] R TYRTY
met y%qﬂﬁ)gﬂ%{o rﬁl mmol) in
toluerk 710 MTH , (zmetlnqlarmrese ((533111#13)4 2_9 49n<{19H ang djphenyl
phosplbr¥1HA)k1d8. $568. 08, (21k nifbl)153s738@=dB5 kil Lhemnixture
was sthrd®d %.11_1rogm Q&n J_Lizt)uredf f@ﬁ’ 4. ﬂgule,THé) mi4thZedw®d then

heate%%qﬁhgﬁ?% Z é% 1 y: 14 4 Eﬁébi? &%ﬁ% %ﬁd
I i léﬁajr 3511% ?olr 253
concengzayEa 1, Vi FRNGENLAZEE, ke To0HE VAR /6 a2 N00r 1§ ™)
and 61p.138iroehlargs; acpj.d 16 69-') Z‘@SI\/Bd(iﬁﬁD) After 58817(7%594) fpr 1
hour, water (20 mL) was added to the reaction mixture, and the
mixture was washed with diethylether (50 mlL). The aquecus layer
wag alkalized with saturated aqueous solution of sodium
hydrogencarbonate, and extracted with chloroform (100 miL x 2). The
organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The
residue was dissolved in dichloromethane (8 wh), and di-tert-butyl
dicarbonate (936 mg, 4.29 mmol) was added in an ice bath. The
solvent was stirred at 25°C for 19 hours, and the reaction mixture
was concentrated under reduced pressure. The concentrate was
purified by silica gel column chromatography (hexane : ethyl
acetate = 5:1 —» 3:1) to obtain 514 mg {69.2%) of the title
compound as a coloriess oily substance.

[0370]
IH-NMR (400 MHZ, CDCl;)8& ppm: 1.42 (9H, s), 1.46 (3H, s}, 3.56 (1H,
t, J = 9.2 Hz), 3.85-3.98 (iH, m}, 4.13-4.26 (2H, m), 4.62-4.74
{1H, m), 5.01-5.17 {(4H, m), 7.27-7.38 (5H, m).
M8 (FAB*) m/z: 347 (M+H)'. _
HRMS (FAB*}) m/z: Calcd for CigHa/N204: 347.1971, Found: 347.1954



IR (ATR)v: 3365, 2979, 2877, 1619, 1572, 1519, 1444,
1413, 1398, 1376, 1359, 1338, 1328, 1307, 1280, 1108,
1081, 867 cm 1. [0387] [Reference Exanple 53] 25
tert-Butyl
(38) - 3-net hyl - 5- oxo-1-[ (1RjgiL- phenyl et hyl ] pyrrol i di ne2
Lcar boxyl ate and tert-butyl
(3R) - 3- net hy1-5-oxo-1-[ (1R) - 1-
phenyl et hyl ] pyrrolidi ne-3-carboxylate [0388] 30
IR (ATRB89] 3F¥34a 29Tai i2ABlof 2868t - BaPYl PEVKO0-1B4B(1RELY, 1390,
1363, phesy) etdnd,] ppneol Ldémhesd*car boxyl ate (30.05 g, 0.104
foz7fPl) in NN di met hyl f or mam de (210 ni),
odo han %g&o m., 59.28 g, 0.418 35 nol), and

[REfejt’% ide (55% in ol 1135 0 260 mol)
{ o hy'li : 1V Lo pyrrolidine

{037?alt m)sphere V\,hl le stirri ng the i xture When i nner
tenperature increased to about 50C, the reaction
m xture was cooled to 30C by adding ice water to the
outer bath. After changing the bath to a water bath at

ManNEnguter tenperat urguedfjIgC the mxture was stirred
r 23 hours. The rea%f—ﬁfn m xture was poured into
| d aquedus Sol ution{ofdcitric acid (1L of 10%citric
cid and 500 g of |ce),H and after stirring the m xture
4or 30 nminutes, the mxture was extracted with et hyl
acetate (800 nL, 500 nmL). The organic |ayers were 10
[0373donbi ned, and washed with saturated aqueous sol ution
10 Sfmssd AR e hiras | kighb ARt dntdr i aglukion arfhy@ods sodi um
benzy I9#yicalr-®ont/De3 A xd i -iasysaljeatednieo f 43 ineathyar 4 -and
methyltel?z% bRt 81 M8S (LONGRNT rlatﬁﬁdm{ﬁagf ik e@é&%y@&%%ﬁ%ﬁ (7
econcentr te was, urlflf If;\.c,l |ca% 4
mL) atco|7 E g1 feT o s &r%lég armHekAndc
tetrahysir@tfﬁyﬁnaé@ ofars FOdéHHl ARBRrui (it iU THELY hwafoadded.
15 The mipgharei ysi sbiered kexame sasehybmpestiate: ias dlfangsdtes.
Saturstel) abjQe6bt abon A3 68&oﬁ%moa‘:hnb:gi&e90dz@r iy Wwsenedded
QL t
e 750 S e rey g g TR
minute: car“ﬁ%x St a§§léi’“mﬁﬁ 3 || 39 2T B
solutigyl afi 690t weBrdusiganspEbpuayp (3RS, zeld the solution was
20 extractetihyleb- axtedeidrdR)2Dophenyl 21 hy|They orghhlic nbaBer ardso
dried ¥Ykat anipsr&als it redral039%ha High Rakhitt YabSesREved
by distillation under reduced pressure to obtain 218 wmg (72.9%) of
the title compound as a colorless crystals.
[0374]
25 [alp®®! = -74.09° (c = 1.04, CHCli).
'H-NMR (400 MHz, CDC1;)8 ppm: 1.41-1.46 (12H, m), 2.90 (1H, 4, J =
11.7 Hz), 3.45 (1H, 4, J = 14.2 Hz), 3.50-3.57 (1iH, m), 3.69 (1H,
d, J = 16.1 Hz), 4.64 (1H, brs), 5.01 (1H, t, J = 2.2 Hz), 5.04
(1H, t, J = 2.2 Hz).
30 MS (FAB') m/z: 213 (M+H)*.
HRMS (FAB*) m/z: Calcd for Ci;H,N0,: 213.1603; Found: 213.1600.
IR (ATR}v: 3284, 3199, 2978, 2922, 2829, 1695, 1660, 1556, 1441,
1365, 1333, 1288, 1279, 1248, 1176 cm ",
[0375]
35 [Example 15}
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1H NMR (400 MHz, CDC13)5 ppm 1.34 (9H, s), 1.52 (3H,
d, J =7.10 25Hz), 2.27 (1H, d, J = 17.0 Hz), 2.93
(1H, d, J = 17.0 Hz), 3.05 (1H, d, J = 10.1 Hz), 3.32
(1H, d, J = 10.1 Hz), 5.50 (1H, q, J = 7.1 Hz),
7.23-7.38 (5H, m. Low polgydty isomer: 1H NWVR (400

MHz, CDC13)5 ppm 1.18 (3H, s), 1.44 (9H, s), 1.52

(3H, 30d, J =7.1 Hz), 2.26 (1H, d, J = 16.9 Hz),

2.63-2.69 (1H, m, 2.91 (1H, d, J = 16.9 Hz), 3.63
7~[(3§1FB—%miqp:a—g@t@y&t§-mg;nyﬁqp§4py§rogiéiqe1;+y§1-6-fluoro-1-
[ {1R, Zg P62 7f Bbrdulvic 1 BbropPBRHY -nldeicerenc a - Exappt@-H64] 35

oxoquifbl 1RV B3k 41 BYLEQXY- 3- met hy1- 5- oxo- 1-[ (1R) - 1-
-3-carboxylate [0392] 107

1037 393] To a solution of tert-butyl
(3R) - 3-net hyl-5-oxo0-1-[ (1R) - 1-
phenyl et hyl ] pyrrol i di ne-3-carboxylate (9.90 g, 32.6
mmol )pand tn. 5 ethyl phosphle- (6.71 n, 39.1 mmol)
_ (NLE60RH) , it hium
, 45.7 mmol, 1.0M
MWas added at -5C, and the

©on i T Terra ;
Mgt e_vas stirred the rtenperature for 30 -
m nu . After bubfl Mg oxyg gas into the reaction
m xture for 30 mnutes, 10 saturated aqueous sol ution

[0377gf amoni um chl ori de (150 nm.) was added in an ice
ath, and the m xture was concentrated under reduced

P S §Pé UEHER 69T (43 7r) ERAS ~HHERTY $r Ay 1ead gl s aRgt by 1 -
4-metinHend pyurelhdsnextidctrad W-0R wrby) Bretimedhy20guhfoxide
(3.1 ), T:liae@h aghend ayEis WAs washedn § hasatd)raied luoro-1-

[ (1R, z%queleﬂuée H&b ﬁgﬁqd'su%‘ﬁﬂb '984(%%%3}% ), and

W e
oxoqu i iReT PoHREPRY 114 (At “vad LLBRETR T L GaTRer (337 n,
934 pmddueedeppradedr eandaridier MEXEESE dvRS valsl JHad Rited OB
tempersithurea fgel 3cdiywmn CTheometogiapmixtvweawes: cethgftrated, and
to thedGeibarriitd wérd Adds0a088k8 folhdc b CAetbbnbheand

watert(lttlél%ggﬁnpoymf &Hm‘ésy@& %&%'é a?rﬁ%% éS mL%_l, and
the myﬁFurg B3sot q@t?qimn r§ &gX31%7a?]_ ath4a6298 or 3
hours . 2The @ea®1481 511§ZFUF§I—Wa$r) con;cegg:ra:,tegzupgﬁp: ﬁ?du‘EEEPBQS]
pressure, and 10% agueous sclution of citric acid (50 mL) and
water {50 mL) were added to the residue, and the mixture was
extracted with ethyl acetate (100 mL x 2). The organic layer was
washed with water (50 mi)} and saturated agqueous sclution of sodium
chloride {50 mL). The organic layer was dried with anhydrous
sodium sulfate, and the solvent was removed by distillation under
reduced pressure. The residue was dissolved in concentrated
hydrochloric acid (10 mL) in an ice bath, and the solution was
gtirred at room temperature for 10 minutes. Water (50 mL) was
added to the reaction mixture, and the mixture wag washed with
chloroform (50 mL x 2). In an ice bath, 10 mol/l agueous solution
of sodium hydroxide was added to the aqueous layer to pH 12.0, and
the pH was adjusted to 7.4 by adding concentrated hydrochloric
acid. The solution was extracted with chloroform (100 mL x 2).
The organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The

t hyl S|IyI am de
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25 [ Reference Exanple 55] tert-Butyl

(38) - 4- hydroxy-3-net hyl-1-[ (1R) - 1-

phenyl et hyl ] pyrrol i di ne-3-carboxylate [0396] 108 To

a solution of tert-butyl

(3S) - 4- hydr oxy- 3- met hy1- 5- gyp- 1-

[(1R) - 1- phenyl et hyl | pyrroli di ne- 3-car boxyl ate (5.13 g,

16.1 mol ) in tetrahydrofuran (100 nL), 1.17M sol ution

of borane in tetrahydrofuran (45.3 nlL, 53.1 nmmpol) was
residygdeas | PRt liese Dyat Acrasih bl ian vk £4PE AbBaRe) « vl Ahe
crystabenvéenpiriaidl nedbor rddudeiinsresAhitrer toonbeats addnmat he
(57.958a6E | Ofk NPW ohBORRA T SAUCRA IR 83UHR, chpdEl14.10
[037%), et hanol (100 mL), and triethylamne (5 nL) were

added to the concentrate, and the m xture was heated
mp:  AHUEPO2PEf |ux in an oil bath at 90C for 2 hours. The
fal p2°rreactiienatr(xt ur e .vas concawtarat.ed 10 under reduced

-l @9UMEZ , 2801 M R5D)628BmIL )1 Was @dded)toithe-1 72 (24, w),
3.51- gonge %ngo Ihﬁonléxﬁé”ﬁlﬂ"’?% exU@%tEd Inetnny' 4.21 (1H,

et
0. 3 SoT T A deaaql ot s ) ﬁg%”" dabiriel B o,

)., 7c'h1 oHH}ed(ZQ’O k¥ ; 4 i) dr§-éd Vilih énhsT/dTonsz %’f’dl -um
Elemestdfatanalifstier fohecs,HlFpddon,s®H:be filtrate was 15
Calctzﬂra%%atraé e%ﬂ@e}erlHr eguged py essurex ang. Lhe I esi due
1S puri il,Lc ge% mat ogr aphy
Fou xahe :' g’qe a?% ‘?[lo lﬂml E?o obtain 1.50 g
MS (E %)1%/)Z of4%e ¥i¥)'e conpound as a coI orless oily
IR (ATRIbst akg®e, [103G8] 1303 H NVR7 ( 4084 INHZ,508DC13pE3 ppde, 1356,
1338, 1126 ,(32%1,s)1184.83*(311, d, J = 6.6 Hz), 1.44 (9H,
o37$3), 2.42 (IH dd J = 9.8 3.9 Hr), 2.49 (111, d. ) =
cf'ﬁz;%m§9§ 211, dd, J = 10.0, 5.9 Hz), 3.30 (1H,

[REfeE; 4.45 (1H, br s), 7.20-7.30 (511, m.
(38) - [7Editprft By ngzecanmrhylamqpmaqmﬂlnéf_e‘}_ence Exanpl e

azaspfﬁﬁ[ﬂ:eﬂheBuané 5- yl] 9-£1luoro-2,3- dlhydro-B-methyl-7-oxo—7H-

pyridd 85), 3-Benzy| axysaihenylind- By dsoxyxgt etdndapyrrol i di ne
{0380§-car boxyTate [0400] 30 O M HO.4HO N ") Lth

0 0O

F COOBF, COOH
BocHN-z—? _ |
+ F N —_—
N .
Boc
[0381]
(-)-7- (tert-butoxycarbonylamino} -7-methyl-5-
azaspiro[2.4}heptane (391 mg, 1.73 mmol), (38)-9,10-difluoro-2,3-

dihydro-3-methyl-7-oxo-7H-pyrido[1l.2.3-del [1,4] benzoxazine-6-
carboxylic acid - diflucroborane complex (580 mg, 1.76 mmol}, and
triethylamine (0.490 mL, 3.52 mmol) were dissclved in dimethyl
sulfoxide (5 ml), and the solution was stirred in an oil bath at
40°C for 24 hours. To the reaction mixture were added a mixed
solution of ethanol and water (ethanol : water, 5:2) (7 mlL) and
triethylamine (2 mL), and the mixture was heated under reflux in
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[0401] To a solution of tert-butyl

(35) - 4- hydroxy-3-net hyl-1-[ (1R) -

1- phenyl et hyl ] pyrrolidi ne-3-carboxylate (1.49 g, 4.88

mmol) in 35 ethanol (30 nmL), 1N hydrochloric acid

(5.12 nmL, 5.12 mmol ) was 104 MS(EST)n z: 358( M+Na) +.

O[ 45 oasl t.of oay hoie(3l.8np)i ihooehn 3 L,aslto fdnty

ufxd 81g,1.mM ndclrmae( L a de t-8Cn hitr atre

oOmmts ouino 3)1tr- Sbtltr-uy ezl xcroy--yrx--ehlyrldn-
an oilrbéuh at (ZO°GLIor waterhq2® .m The arehadd@inumixture was
concehyds ogenaatcdonatiaced. Phegsud,. Andnohe wenesmidcete twas

dlssoﬁ.bgdr%'%l akdchenzy ey anhenyh ¢4 orddied §36nphos
aaueoys S TUEIdy U3 clV oL P it P Bel S PR o Mg

rre
solutigp of rRAFAM gRhoEkEe act™dF RFERNLE h%Y%‘&é{a;%) regdovit
anhydxo@$ . sdhienr esulifetag angarie dayentwesswashededvilvh
distiSBitH et ethdRquUeeuscsal ptéouef. SoHe Wresith® Wde EARiPidqd by

51llc$ ? Pr&§¥$ﬁﬂ Eﬁrgﬁgggéfﬁﬁh Gﬁfaﬂl%QB&@EﬁanévtEﬁeﬂﬂﬁﬁol

50:2) Ly MEkF 1 JEQuPE, (antl (T 5o He chabpur 11t THHS 25 =

yellow¢ilsa RySICUES- urm chr omat ogr aphy (hexane . et hyl
fo3szcetate, 2:1 -* 1:2) to obtain 1.48 g (90% of the

-nvE | o $RFP0BBE1AS 2pRQl 05! £850 Add V(1subshanees3[0492] (18, w),
0.71-0.79 (1H, m), 0.87-0.96 (1H, m), 1.21 (3H, s), 1.42 (sH, s},
1.61 (3H, 4, J = 6.8 Hz), 3.32 (1H, 44, J = 10.3, 2.2 Hz), 3.89
{(iH, 4dd, J = 11.0, 2.2 Hz), 4.15-4.69 (54, m), 7.68 (1H, 4, J =
14.2 Hz), 8.54 (1iH, 3).
MS (ESI) m/z: 488 (M+H)".

[0383]

[Example 16]

(38)-10- (7-Aminc-7-methyl-5-azaspirof2.4]heptane-5-y1)-9~fluoro-
2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3-de] [1,4] benzoxazine-~6-
carboxylic acid

[0384]
O 0
: |
N N N N
RS X EX
NH NH,
Boc ;
[0385]

(38)—10—{7—(tert-butoxycarbonylamino)—7-méthyl—5—
azaspiro[2.4]heptane-5-yl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo-T7H-
pyrido[1,2,3-de] [1,4] benzoxazine-6-carboxylic acid (761 mg, 1.56
mmol) was dissolved in concentrated hydrochloric acid (6.5 wmL) in
an ice bath, and the mixture was stirred at room temperature for
120 minutes. The reaction mixture was washed with chloroform, and
saturated aqueocus solution of sodium hydroxide was added to the
agqueous layer in an ice bath to a pH of 12.0. Hydrochloric acid
was then added to adjust pH to 7.4, and the solution was extracted
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1H NWMR (400 MHz, CDC13)5 ppm 1.30 (311, s), 1.44
(911, s), 2.10 (111, [0403] [Reference Exanple 571 25

tert-Butyl

(38) - 1- benzyl oxycar bony1- 3- net hyl- 4- oxopyrrolldlne 3-

car boxyl ate [0404] 30[ 0405jp§0 a solution of oxalyl

chloride (736 pl, 8.58 mmol) in dichloronethane (30

m.), a solution of dinmethyl sulfoxide (811 gl, 11.4

mol ) in dichloronmethane_(5 nL) was added at -78C and

with LREeH; 2VA% Wad SireredolBrian (RIHAOSOTA soneikiainlof:
water(38)31il er A£t85 bohyinimy ttheutopiganic layers, and drying with
anhydbeﬁg yb@cxmréaﬂrﬁélae4 By Er 8% Yo S1dTRidyy lHRwbekl :s!y Nerstihh@tion

under a%£§§VéfH§%ﬁ%£d ﬁ%ﬁéﬁ#%%ﬂﬂwy )aﬁaeg é%] g%%ﬁéﬂ% and
the lﬁﬁﬁ}u | SN RE (ﬁm%ﬁe¢n_yﬁif Elﬁﬁ6P¥-vwEP%|%%ﬁtrate
dlstléﬂa@dun@ﬁninﬂﬂeC#dxpueesmas sfliher sdsatue 786 frowwridded by
crystAL Nz £Si oo e8Rah6®, batd), dfidd IDderNvé@Sced bressure to

obtaih €868 I & HaXibe, We5£) agdded,satiynat edn Uss g  yellow

ded sol uti on of annnnluntchlorlde (50 nL) and water
powade nL) and the m xture was extracted wi th ethyl acetate
[038¢1200 nL x 2). The organic |ayer was washed with water
mp: 2AcBO@70EY. and saturated aqueous sol ution of sodi um
[a] 25 Chl Of 4 ghe ¢ elooon}ag and dhizedyw t h anhydrous sodi um
| fat Af er..t filtragi the fiJtrate
H- NMRig(ﬁc?‘%{ aS EN ero OO‘d ced pée%sur x){ §_£I|I OW% 0.76 (24,
+ LY uit e ff onﬁt% ré?:r‘l’iy hekané--&t Byl + atetAtd, 6810(2iI m)
3.73-3:8H 28.ofai A- 38 31y, (D6 =of? tE‘hEitht‘ll e‘l%IﬂTﬁ@ur{dHasma:
4.52-£0d0r{185s woi, | y.sabstmnce. .3[&4(1@] 4182 H NVRe 4001, Mz ,.

Elemerfd %)r&l@'@ms toBdcfBlbN @L, = 4.9 Hz), 1.38 (9H s),
12.0, = 19.0 Hz),

1
calc}l% 2h3Me (GfHOl ' 453 1H 8%3(01 b o gE’12 0 Hz),
Foungl: ) o ¢ Fpy. 00 )Hr75365 74 (%iiran)lO -68407] 20

MS (FARefmZencd8Exail)é. 581
IR (ATR)v: 3365, 2979, 2877, 1619, 1572, 1519, 1444, 1413, 1398,
1376, 1359, 1338, 1328, 1307, 1280, 1108, 1081, 867 cm™

[0387]

[Reference Example 53]
tert-Butyl (38)-3-methyl-5-oxo-1-[(1R)-1-phenylethyllpyrrolidine-
3-carboxylate and tert-butyl (3R)-3-methyl-5-oxc-1-[{1R)-1-
phenylethyl]lpyrrolidine-3-carboxylate

[0388]
Q
A&L 4 — }‘S‘“\\\"k [f\ J<
| o
0%y , N
e Aen
[0389]

To a solution of tert-butyl 2-oxo-1-[(1R)-1-
phenylethyl]pyrrolidine-4-~carboxylate (30.05 g, 0.104 mol) in N,N-
dimethylformamide {210 mL), iodomethane (26.0 mL, 59.28 g, 0.418
mol), and then, sodium hydride {55%, in oil, 11.35 g, 0.260 mol)
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tert-Butyl

(3R) - 1- benzyl oxycar bony1- 3- net hy1- 4- net hyl ene

pyrrolidi ne-3-carboxylate [0408] 25 [04091 To

a solution of nethyltriphenyl phosphoni um bronmi de (1.67

g, 4.68 mml) in anhydrousigetrahydrofuran (20 ni),

n-butyl lithium(2.54 n., 3.96 mmol, 1.56M solution in

hexane) was added at -78C, 30 and the m xture mas

stirred for 20 mnutes. A solution of tert- buty
was afded-at pEvsy (CERPeuR BBRS 1138 1HETIREEN4 25RO 1R |‘~641r1@ 3-
stirrias biohey rabaurk. 200tgsn Irb@rmehnper atwdyidraoessed to about
50°C, tiﬁ'}é' %@Eggﬂrﬂ{ké %ﬁagm@gﬁgggfgoaiowﬁysﬁgﬁlng ice water
to the n(g‘?%asetf ‘ﬂheer rﬁhx W%iis{ STITT e%[ %t %%§8¥ bat% %% an
outer h*@%mgeraltemeh @fr &3 cmerrmtcmdée WERS aitfded ef0%Eqd@ obRUTS -
The reattutdaromigfturgldasipoireddinto 501l iqueowh saitianhef
citri@ngbidie 1 Ul esVast £0N Rl ahadsyodgrof efuned and after

0. d
stlrrPﬂggsﬁ'tg (?rll,x\éﬁtrgr f&f_l' 90 rgn)nd’{%% a@ﬂg miQEﬁ{@ v%%?%t?cgtr ?ggd

b ql was_ extract M%g

with gphyl f)cetﬂ’i& 6?&%rﬂ“% IR fertilas WS HEE h LEXPEF st i
combingfiecusl Fasbedt vorh osatgmt@m @ﬁpeiauaes?%@wa ofgfgdium
chlorilid edavtéh amhydy oushs adhytdrsut febdlunAfstdifathe the mixture

was sﬁﬁjécrt%ﬂ en, fm@riﬂéﬂ at;adVesie ¢QNELAEL atad d@?ﬁ':%htrated
under reicijuce% E)Ir% HLE, %h et g?ncgﬁfﬁ V\\F?ass %ldl;_,l %Sg Q;Y flash

rona

5111ica@tlareLumD: Thram%taqratpawogte&ﬁﬁ ? o“% TPt fgxane
ethyl tdcdt@teomfodnd, asnd ebter |ebs it® ¢ifl yheubsvapebarity isower,

hexand H MYRy(1480ebike wDRCIhtyegpab 4:35 SHbithinl 18.63§
{33. 7HZ)of 111%?1 ﬁgiéf'l%g’ls]omexzoq lE'él‘t §u‘g§41 (@é’é) —@dme%hyl E-oxo-

- (e gyt efyig S Dhe d el 49 8 e honsa.
14.91 [Rfdr éﬁéeOEx:h%|@]%.]lty 1somer of tert utyl (3R)-3-
methy )= $R)oxa:—Bemi;dzbxyqaxetmﬁﬁh?lmpyhmlndmmc@m@oxylate was
also dptarekudi ne-3- carboxylic acid [0411] O L. Ta_scooH

{0390§0 [0412]
High polarity isomer:
'H-NMR (400 MHz, CDCl1;)8 ppm: 1.34 (9H, s), 1.52 (3H, 4, J = 7.10
Hz), 2.27 {(1H, &, J = 17.0 Hz), 2.93 (1H, 4, J = 17.0 Hz}, 3.05
(14, 4, J = 10.1 Hz), 3.32 (1H, 4, J = 10.1 Hz), 5.50 (1H, g, J =
7.1 Hz), 7.23-7.38 (5H, m).
Low polarity isomer:
H-NMR (400 MHz, CDC1l.)6 ppm: 1.18 (3H, s}, 1.44 (9H, g), 1.52 (3H,
d, J=17.1 Hz), 2.26 (1H, d, J = 16.9 Hz), 2.63-2.69 {(1H, m), 2.91
(14, 4, J = 16.9 E=2), 3.63 (1H, d, J = 10.0 Hz), 5.51 (1H, g, J =
7.1 Hz), 7.26-7.37 (5H, m).

[0391]

[Reference Example 54]
tert-Butyl (338)-4-hydroxy-3-methyl-5-oxo-1-[(1R)-1-
phenvilethyl]lpyrrolidine-3-carboxylate

[0392]
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[ 0412] To a solution of tert-butyl

(3R) - 1- benzyl oxycar bonyl- 3- net hyl-4-net hyl ene
pyrrolidi ne-3-carboxylate (750 ng, 2 26 nmol) in

di chl oronmet hane (8 nmL), trifluoroacetic acid (4 nlL)
was added 25 in an ice batipy and the m xture was
stirred at roomtenperature for 4 hours. After
concentrating the reaction m xture under reduced
pressure, saturated aqueous sol ution of sodium

hydr ogepcarbonate (20 nL) was added to the residue,
,&n’xture was d wth diethylether (20 niL).

Q
he
H@ agueaus L ayefO3(k added 1N hydrochloric acid
o#Qrtacidification, g he solution was extracted with
crﬁoroform(loo m. x 2¥. After drying the organic
B W th anhydrous rum sul fate and filtering, the

filtrate was concentrated under reduced pressure to
rozoxbtain 665 ng of the unpurified title conpound as a

Gl of I iﬁt%hyo 12 ~E ML - [ (
e A Tt T B

ethyl r@hosl;@;wrj;g] {(PREL e‘FTenC@ Bxampile 612 ydrous tetrahydrofuran
(165 {I3R) -ntBenmybosyrmdﬂﬂmab-ﬂyat ent dbul oXyT arrhompl. aninno) ;
1.oM sHIBRLRLIA- ¢ % r%”gg'sdéaged[%l'-@ ct eL&EHe

mlxtu %Q% g'é'&% ajj%% g%égﬂﬁg fOE hCl mlnutes After

-1- benz car

bubbli P&Veapng r@agzsftan( %”2’6“%0‘?3 i r‘i’ F%PHEﬁ%
saturgizg ppeonsi @@hyttﬁacm i @@8onghn ghb3ridm| (158nal) was added
in an diggheayh, pies ptres yiazir-ée wab36ogten Zr kP dmpide rweeuced
pressﬁ%dedb]a@ép (tlhﬁJ rtHL)ft gé? %@cﬁeétﬂd‘ rﬁ%e%sahuégtgg% tbl}]e en}lxture
vas eq:3RRFRA' UEEs nn Soeack ToBb IS A0 PRE Sl hayer
was Wa@é‘ﬁéei’f%F]at FHFPEIHST SAEPYA APkt heHnPerbraréde (200
ml}, andsddisdoviigd damhybobugi erdmem(8ubijte 6NARydroche dfildration,
the fidehetbdwat)caSeraddedd aRdel hfediicdd ramsirst,i Bhe@dthor

I‘ESldLl% QQBV ﬁuryﬂﬂ ﬂgglﬁka\"ﬁél aggﬁﬂp]ﬁ Ocﬁﬁﬁnartglﬁgﬁgﬂ?et?lgee}?ane :

m Xt ure, xture S Was

ethyl aggtats. 1the _a’ e t‘l’a%‘?awas" -dPk 8l i178d b9t 4

- compousg aF af cRR kY v GRLAY] BHPOFARERH um

[0394fhydr ogencar bonate, and extracted with chloroform (100
y- NMRnhcxo Mz Alcoeh , éﬁ the; prgapy ¢ 1|5@1yan)W' bhe amhygy o(tiSH
m), 3. 29 bum, Syl f atg” and ghi_ %t Ration, n'i)heéc L5268 VRS, m), 7.26-

nceptrated under reduced
7.38 (5H

f0395]
[Reference Example 55]
tert-Butyl (38)-4-hydroxv-3-methyl-1-[(1R)-1-
phenylethyl]pyrrelidine-3-carboxylate

[0396]
‘ 0
. O /k J<
. Me
r— N
O N N
Ph : ‘ Ph o

[0327]
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25 pressure, and the residue was di ssolved in tol uene

(8 mL). Ditert-butyl dicarbonate (592 ng, 2.71 mmol)

was in an ice bath, and the m xture was stirred at

roomtenperature for 67 hours. The reaction m xture

was concentrated under redyged pressure, and the

residue was purified by silica gel columm

chromat ogr aphy (hexane : 30 ethyl acetate, 5:1 -* 3:1)

to obtain 487 (629% of the title conpound as

cot @rl-”’@éé‘téPPyngutb%‘fta‘FFB@Yl[ d@%ﬁl]wc?\lﬁ}??‘l( @U@eﬂ'/ﬁi’l 5-oxo-1-
[ (1R} -COGISY lephyllpt2rd Didlirsd-3 -TadbokgHts) (5 3.5, ( 1811 mmol)
in tetrahhdrc¥FuZahlz)108. 85r 3. 19&7@’11bb1uﬂ’lon4oﬂ-30cfka2@ @2aH m,

1 4 ,17 /5 e384
tetral'?yé%% Z.% g%%ﬁijmlilgs rog'r)lcéa%xglij? a% be 8 th, and
the mipgpyres (alsef"Fl By eERERBT S ?Wf] A&y | ™
concqunaﬂyngdthg F@aqEﬁon mpﬁqurgognger r¢@uaqe] pressure, water
(10 mIAMM@thangas (vWas dubblaed itrtietaysahitée o6 ofL)( 3Mreladded to

the c&ﬁr&wr%gcaaﬁ@% Snibltehde Qﬁgomg@é@w&&m@@l& RBtAY oil

e rrolldlne 469
batn 3 Sosichol SR S AL l%?ﬂgrsuﬁ?o‘aﬁ%e fdndhyrgtea
under F@IAYCRINPERSFIER PEhBNEE 4R80tBY) FRRIASgFako( 2be
concenfirpteandlisodiixougEsdapgexbra@tamot ithwas hydidedetate hid0 mL
x 2). swhgtréwulﬁmﬂg %&@bﬂ&@ ma§e§twigeuagﬁed:metﬁagsturated

o TRELEL o Uodl ag; £S3546 34f]. AHPR320ERON
anhydrdys” FOQLUR RS | 1 %ﬁ%ﬁ» S dBer Aitr b1 e by vas

Conceﬂ##ﬁﬁﬁésunq%rﬁﬁ%ﬁKéﬁhﬁﬁéﬁsﬁrﬁtu@@dWH§3dﬁﬁ%@u§aW9FaPﬁﬁlfled
by sildqeequs Solwtn ahr@imagediruphity dhegencar kangtieacdOatd) ,3:1 —

1:2) tdNdpthenM Xare mas)exkr aptedi W d s asm( d80chless
e organic | ayer was dried by anhydrous sodi um

oily éﬁb a?e after filtration, the filtrate was

(039 &oncentrated under reduced pressure 20 to obtain 255
TH-NMR mijt (853%z ,0fcDCAe) & ivdve conPOUMH ass)colloBBed8Hergstdl=s.6.6
Hz), 1.44 (9H, &), 2.42 (1H, &d, J = 9.8, 3.9 Hz), 2.49 (1E, 4, J

= 10.0 Hz), 2.94 (2H, dd, J = 10.0, 5.9 Hz), 3.30 (1H, g, J = 6.6
Hz), 4.45 (1H, br s), 7.20-7.30 (5H, m).
MS (ESI) m/z: 306 (M+H)".
[0398%]
[Reference Example 56]
tert-Butyl (38)-1-benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-

3-carboxylate

[0400]
o
Me ,L( /L:
N
i
Ph
fo401]

To a scolution of tert-butyl (38)-4-hydroxy-3-methyl-1-](1R)-
1-phenylethyl]pyrrolidine-3-carboxylate (1.49 g, 4.88 mmol) in
ethanol (30 wL), 1N hydrochloric acid (5.12 mL, 5.12 mmecl) was
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[0420] 1H NVR (400 MHz, CDC13).5 ppm 1.41-1.46 (12H,

m, 2.90 (1H, d, J = 11.7 Hz), 3.45 (11-i, d, J = 14.2
Hz), 3.50-3.57 (1H, m, 3.69 (1H, d, J = 16.1 Hz),
4.64 (1H, br s), 5.01 (1H, t, J = 2.2 Hz), 5.04 25(1H,
t, J = 2.2 Hz). [0421] [Exmgple 171

7-[(3R)-3-Am no-3-neth 1-4-nmethylene p rrolidine-1-
1] - 6-fl uoro-1-

[ (1R, 28)-2-fl uorocycl opropyl] - 8- net hoxy- 1, 4- di hydr o- 4-

added 3t ol HFTIREREE ST B ar Bk YIS Mty Te] Badoytinmed at 10
mlnut{asng]o/ palladidn cadglnucetalpét (1.40 g) was added to the

react{SR)midctidrey,t abut awcguﬁémﬁl@ﬂ m:a)s 3tmetdy| # i Rythength at
40°C r Ol g!r?eu(l en a%gﬂ%}?v]e%e at ?flxonz.%al y|pr%U|S{19é(l. d%fter
fllte%%%g &EPS mlxture ohcentratlng the illtrate,
tetralpydrpigpm. @Pu@ﬁbcy‘ﬁ‘%ﬁ# ol L. mrer@oxgdium.- di hydr o- 4-
hydrogogtinalaitae {3 Cardpoxad ia maoild wedef ddsd ey aheC aaplk éxe,

and bérf%eld%ca}bgg Mio%\ﬁ{]@e (%%%e%} agdsé rfﬁnﬁ thlali fﬂ@ﬁh&r

added tﬂr h reacglon mthtL{reigdncem:r at| ggat Jaaom
|on m x ure thanol

temPe”?ﬁd’c‘E%e é‘FhénBPurswaﬁféjr e”@‘ffftF@SWh"tl} ek ﬁC@FWFaM% mL
x 2). (@hs nt;ulmenm agddechito laher ress dirssheagndithesatwrared
aqueovdBs:dleatietl updesangl |dmdradan (90l mbaf et QAedf aitR
anhydxtlﬂg %odﬂlﬁ Eﬁfféﬁé)n gké%%”ﬁq@’aﬂl%qﬁ%hr a{:ﬁg f‘{]fl@fate was

C ressur ueo utiq
concerlgratei sRER ol GresehThy ) S8, 010 S0l voe Rt ifisd
by Sllrl@éil g&e. cThenp shuaustwgeaphyr deexhei t letéyRykcatatat e2:1 —

) tolo®talinxi238 @nikatie odr gani tit by erompasindashed wbldrless
oj_]_y Sdlseanes0 nb x 3) and saturated aqueous sol ution of
{0402§od| um chloride (50 nL). The organic |ayer was dried
anhydrous sodium sulfate and filtered, and the
"1 101Ry {99 Y DN B PRt dd GndaR, r 8luckdthr E¥6ure.. Phd0 (1H,
dd, J 2038eRceht? HBD wds 24i-3s6PvEeFH i Mmorkcéd-Baf8d (2H, m), 4.45-
4.51 (hgdrothl ®riz @o,d =05 mlpsin.an ($e bat.h, and the

MS (Ess;@I My kon 3mas (sigpfed at room tenperature for 10
[0403 ﬁnnutes Water (50 nL) was added to the reaction

ture, and the m xture was washed with chl orof orm
[Referﬁﬁf% ﬁ{aﬂp%‘? 57ﬂ0 rml/l aqueous sol ution of sodium

carboxpaaheto pH 11, O and concentrat ed hydrochl oric acid
[oa0s4¥as added to adjust the pHto 7.4. The sol ution was
then extracted with chloroform (100 nL x 5). The
organic |layer was dried wth anhydrous sodiumsulfate
filtered, and the fidtra&e was concentrated under

andg,
“0{"_%%&%(]' ressure. Tt‘@z\nﬁ?@g fate was
—_——
N )
z Z
[0405]

To a solution of oxalyl chloride {736 pl, 8.58 mmol) in
dichloromethane (30 mbL), a solution of dimethyl sulfoxide (811 ul,
11.4 mmol) in dichloromethane (5 mL)} wag added at -78°C, and the
mixture was stirred for 10 minutes. A golution of (38)-l-tert-
butyl tert-butyl benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-
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30 purified by recrystallization fromethanol, and the

crystals were dried under reduced pressure to obtain

210 nmg (43% ) of the title conpound as pal e yell ow

crystals. [0424] np: 236-239C (deconposition). 115

[a] D 1H NWR (400 MHz, 0.1N@NaOD)8 ppm 1.39 (3H, s),

1.41-1.66 (211, m, 3.55 (111, dd, J = 9.6, 3.2 Hz),

3.61 (3H, s), 3.63 (1H, d, J = 10 0 Hz), 4.02-4.07

(1H, m, 4.33 (2H, dd, J = 25 9, 15.1 Fté 5 4,99

3- carpgg_ytyla@e gl 44T, 7429, mtgofg)5 J(rgﬁlthoyome hqneHZ 10 mlggwas
added( 2&hdt the @ ZeHwps Ft68rdd Hord 1 hour14JEkﬂd:hylamﬂﬁe (4.37
m., 3§1%§m9|1> J%as %hglnHélzidegl ec{??t{‘tt@{eylznﬂ%h)éé'ﬁaé Utirred at -78°C
ror SERBREIO G % @ 8L Bath, R0 pngeds To fpddiion
mlxm{%l‘?’@(%ﬁ%‘jﬁd E‘%GraES@Gaq‘iW Sféll§1°‘159f a@muw&e goride
(50 mLB68Rd MtEr X306, mL26%nd 23¢ mMikgQrelwdd @ntrlact[e(m%]:h
ethyl[&Eﬁﬁﬁﬁﬁ“%ﬂoﬁxﬁmpkezﬁZ]Tﬁbhbkganlc layer wasg washed with

water Iiﬁgl Z%n. ﬁggﬁ gﬁgé £$i§ﬁj é%§ﬁ5989y$f ééﬁlum chlorlde
(100 T A2 V20 Po S CIRBESEOH 01 B LT, BERGT Che
£iltrabieh, Hydr éémtéareewitﬂlccmcgmtea@eeomd% @%%f/ pEggeure
by siMda wasl addedint Ehebhyt efdphy( 4heflant-ebhdl mietaard 10:1 —

3:2) € beAG Ul.a6eg(1868) Mg thhel cABE l: ﬂx@%sb%t Ro18Rdess
011y d ure was stirred at 80C for our.

feacton mxture was concentr at ed under reduced
@ressure and water (400 nL) was 25 added to the
1H -NMR' dgi0duBlz ancDpChe Snppub ur € .Ras (@Mt rdct®d= Wi.tth Had hylL .38 (9H,
s), 3apetate @200 alix.B)Hz)Lhe @it fagt wasswasihed wWzth 4.10-
4.19 miermy(mosgté%ﬂ)d@nda sakunat ed gagepuss S0l Ubkons9l 7.30-
7 40 |u21chlor| e (200 mL) inthis order, an the dried
! rnhydr ous sodlun1sulfate After the filtration,

[040%]he filtrate was concentrated under reduced pressure,
[ReferZhcanExehweleeS8due was di ssol ved in acetone (150 nlL).
tert-BUE NI (SRS Ol UbeRy WL Al aguaetsy B0 tidthyiehesodi um

pyrrofﬁﬁﬂﬁ@lgtgagﬂéx§ﬁéhe

[0408]
[} /L:
0
OMe, O’k Co Me o
.

N N

é Z
[0409]

To a solution of methyltriphenylphosphonium bromide (1.67 g,
4.68 mmol) in anhydrous tetrahydrofuran (20 mL), n-butyl lithium
(2.54 mL, 3.96 mmol, 1.56M solution in hexane) was added at -78°C,
and the mixture was stirred for 20 minutes. A solution of tert-
butyl {(38)-1l-benzyloxycarbonyl-3-methyl-4-oxopyrrolidine-3-
carboxylate (1.20 g, 3.50 mmol} in anhydrous tetrahydrofuran (4
mL) was added at the same temperature, and the temperature was
gradually increased, and the mixture was stirred at 55°C for 3
hours. To the reaction mixture was added 10% aqueous solution of
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108 mmol ) (50 nL) and a solution of benzyl oxycarbonyl
chloride (18.4 g, 108 mmol) in acetone (50 nL) in an
ice bath, and the m xture was stirred at room
tenperature for 2 hours. The reaction 35 m xture was
concentrat ed under reducedjjparessure, and water (400
nm.) was added to the residue. The m xture was
extracted with ethyl acetate (200 nL x 3), and the
- .extract was washed with saturated 116 aqueous
citrigopgiq off biidodiuaichtdrbaid (200 Fby, &KL (¢ wit h
conceatthyited usidead redusead f ot es suife .er waber f {1aor alli) omast a@ded to
the céhééﬁ@aﬁ:g/yagnaoeﬁs%%ﬁ@&b%@e_ exkeduced ‘Pil'ﬁf'%tﬁl%nl aBdtate
rasi gRA [ .,GO
(o0 8 A %%%ﬁ@‘fz He deirobes) vafld Rl 0 filzapea aqueous
solutypn £ 13m Chgou4deyf (G &It)-t IaE‘chHb%‘Et et s aghydrous
sodiumodwiiadss ohfyepridoudiltfes28h, ' thelVR (400 eMHzs
concetidGEHB upRe tedfcdd 39-ddElike, Mhnd2¢b8- ZedfBiue? Whs Bhirified

si 93%'6 o, 8 ' 044 g - '%%é §, 1 =
?:1) g%zj:%tﬁl ’3%52%‘[3%%;?@ é:’%g( r‘iﬁ%;é%]‘%g As %%ologe;s

olly guisdidi@oxycar bonyl- 4- oxopyrrol i di ne- 3- car boxyl at e
'H-NMRLGR0430kz 0 W) Bt 6By %80, 36713H, . dcapa <. 6[ @481] 1 Too a(9H,
a, J =($<ﬂ.lbt em, o, ek thH,?'cic%\,l‘ @er;zyiboxyC@fltbp&yg)-,N4t.%@-%éls (2H,
0X%WC 0 e ropi :

m), 4 GAORECR RPN o 200 Vy hCh A ok 8" (3bos
[0410dol ution in ethanol, 40.6 ni, 119.3 nmol) was added,
[Refergnge Reambpkeuf® was heated under ref lux for 2 hours.
(3R) - IABeRIzyT ORgeat @iy NG ‘nlee hiyeaet in@thyl el e rupde i nedsiced
carbodf188SHEea the residue was dissolved in water (100 ni).
[0411?3 Concent rated hydrochloric acid was added to this
olution in an

0 J(
WO \EME,_ COOH
—_—
N
z

N
1

Z

[0412]
To a solution of tert-butyl (3R)-l-benzyloxycarbonyl-3-

methyl-4-methylene pyrrolidine-3-carboxylate (750 mg, 2.26 mmol)
in dichloromethane (8 mL), trifluorocacetic acid (4 mL} was added
in an ice bath, and the mixture was stirred at room temperature
for 4 hours. After concentrating the reaction mixture under
reduced pressure, saturated aqueous solution of sodium
hydrogencarbonate (20 mL) was added to the residue, and the
mixture was washed with diethylether (20 mL). To the agueocus layer
was added 1N hydrochloric acid for acidification, and the solution
was exXtracted with chloroform (100 mL x 2). After drying the
crganic layer with anhydrous sodium sulfate and filtering, the
filtrate was concentrated under reduced pressure to obtain 665 mg
of the unpurified title compound as a colorless oily substance.
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ice bath for acidification, and the solution was
extracted with chloroform (100 nL x 3). The extract
was washed with saturated aqueous sol ution of sodium
chloride (100 m.), and dried with anhydrous sodi um
sul fate. After the filtrat{en, the filtrate was 30
concentrated under reduced pressure, and the residue
was purified by silica gel colum chromatography
(hexane : ethyl acetate, 2:1) to obtain 16.7 g (72%
*H-nmrof (4tolve Mt | eDebyhdoppd: asl .a4pdBE, bebwn3 02343 .Bréoddst . m) ,
4.11-£0482{35,1%f ,M6.06SE) 291 @aH 344 ,( Mtbal-fr. 3§ 04538] m) .
[041 hReference Exarrpl e 64] Ethyl
£ 1- benz %carg?nyl 3- net hyl - 4- oxopyrr ol i di ne- 3- car box
[Refeyenie 3(51 0435] To a sol ut| on of et hyI
(3R) -1 - BrapwllasyiFaa PERKY 43 A{ R h o3’
methyl{dnd mrr&lzidmml) in acetone (30 rrL) pot assi um
[oa1Larbonate (0.95 g, 6.9 mvl) and nethyl iodide (1 ni)
were added, and the m xture was stirred at 45C for 1
hour. The reaction m xture was concentrated under
%@ged pressure, gnd ter (20 mM.) was added to the
ntrate. The eBefas extracted with ethyl 15
cetate (0. x 3)Y. The extract was washed with 10%
N‘agueous sol uti on of'nsodi umthiosulfate (20 nl) and
Z sat ur at ed aqueous sa ution of sodiumchloride (20 m.)
in this order, and dried wi th anhydrous sodi um
[0415ul fate. After the filtrati on, the filtrate was
caneesoiat ddn untlef3R)edubed zpi egsgaashomnd t-wethgdr due
methy]‘!@ﬁa wrlrtawdlﬁé’) byesidd:6a igebceal laﬁnzs:hﬁrwmt agr aphyene (20
e%?qﬁgml n%éB@C?fateBB Pm%lil?ggtéﬁ %hgggK%IQ{

otnd"ds & oW Ol

aZlde [ GA%611 Nﬁ/ﬁz R0 LS eééf§) 82 "%1 tugp vag shirred
at roorn Eemppratuss wﬁ 1 Jgay. 3Ths 'Qll?i'@lred Wag heﬂeqf ypder
reflu:3.i88 aflHi1 dbadh =l A 1d°tzfor 41 OHoud. 28£€8% lcomdentdaling the
reactiohl hix@urd, =t &ridnt ract9whdHai S301v/eB0ry/ 14Q -Ghbkane (8
ml) . %’k h%régﬁari@ é:ci%O(?AI(M_ifﬁ) was %M% t£1Q4r§¥J]:ture was
stirred for 2 hours. Water (20 mL) was added to the reaction
mixture, and the mixture was washed with diethylether (50 mL). The
aqueous layer was alkalized by adding saturated agueocus solution
of sodium hydrogencarbonate, and extracted with chloroform (100 mL
x 2). After drying the organic layer with anhydrous sodium sulfate
and filtration, the filtrate was concentrated under reduced
pressure, and the resgidue was dissolved in toluene (8 mL). Di-
tert-butyl dicarbonate (592 mg, 2.71 mmol) was in an ice bath, and
the mixture was stirrxed at room temperature for 67 hours. The
reaction mixture was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography (hexane :
ethyl acetate, 5:1 — 3:1) to obtain 487 mg (62%) of the title
compound as a colorless oily substance.

[0416] .
14-NMR (400 MHz, CDC13)8 ppm: 1.42 {(9H, s), 1.46 (3H, s}, 3.56 (1H,
t, J = 9.2 Hz), 3.85-3.98 (1H, m), 4.13-4.26 (2H, m), 4.62~-4.74
(1, m), 5.01-5.17 (4H, m), 7.27-7.38 (5H, m}.

[0417]
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30 [Reference Exanpl e 65] Ethyl
1- benzyl oxycar bonyl- 4- hydr oxy- 3- et hyl pyrrol i di ne- 3-
carboxylate [0438] 118 [0439] To a sol ution of
et hyl 1-benzyl oxycar bonyl-3-net hyl- 4- :
oxopyrrolidine-3-carboxyl ageg(1.0 g, 3.28 nmmol) in
nmet hanol (20 5 nL), sodi um borohydride (0.19 g, 4.92
nmol ) was added at -20C, and the nmixture was stirred
at the same tenperature for 20 mnutes. To the
[Referggeei Bramwl@ ild were added saturated aqueous sol ution
(3R} -0f (aarDrBurdehlatiots 1 6Rfnal ) 3 amdwat-ar-me2Byiéle mndrolidine
[oa1bhe m xture was extracted by ethyl acetate (20 nmL x
3). The extract was washed 10 with saturated aqueous
solution of sodiumchloride (20 nL), and dried wth
anpydrous sodiumsul fate.qyAfter filtration, the
TPt e was concent r{eegNthrder reduced ‘pressure, and
the resi due—was purifjyed, by silica gel colum
romat ogr aphy (hexaney” ethyl acetate, 3:1) to obtain
2. 57 g (57% of the tlwle conpound as a 15 col orl ess
oi ly product. [0440] 111-NMR (400 MHz, CDC13)8 ppm
[0413) 23-1.34 (614, m, 2.90-3.87 (414, n) 4.11-4.56
(Bddon iy g% Was( Bhkbldd ihto & 2dintiod. 34- T3RN0-1U(-5H,
benzyﬂ&xy&@fﬂG lenh%ergOﬁuﬁé&f@arbéﬂﬁﬂ&ﬁiﬁb)LBQ&@EE&E*&
netny RIS (062 inae 3id, oR, Ao BSFFBRY ORI O
nL) agarHy: pgtgroF@qqz% wixgdoeedution of lquld ammonia and
tetrahydrofuran (20 mL), and sodium (154 mg, 6.70 mmol) was added

to this solution. The mixture was stirred at the same temperature
for 10 minutes. Saturated agqueous solution of ammonium chloride
(10 mL) was added at -78°C, and the mixture was stirred at room
temperature for 30 minuteg. To the reaction mixture was added
saturated aquecus solution of sodium hydrogencarbonate (30 mk),
and the mixture wag extracted with chloroform (100 mL x 2). The
organic layer was dried by anhydrous sodium sulfate, after
filtration, the filtrate was concentrated under reduced pressure
to obtain 255 mg {(85%) of the title compound as colorless crystals.
ic420]
H-NMR (400 MHz, CDCl5)8 ppm: 1.41-1.46 (12H, m), 2.90 (1H, 4, J =
11.7 Hz), 3.45 (1H, 4, J = 14.2 Hz), 3.50-3.57 (1H, m}, 3.69 (1H,
d, Jd = 16.1 Hz), 4.64 (1H, br s), 5.01 (1H, t, J = 2.2 Hz}, 5.04
(1H, t, J 2.2 Hz).
[0421]
[Example 17]
7-[{3R) -3-Amino-3-methyl-4-methylene pyrrolidine-l-vylj-6-fluoro-1-
[{1R,28)-2~-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-

oxogquinoline-3-carboxylic acid
[0422]
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, (COOEt ODDEt 17?1 [0443] To a solution of ethyl
1- benzyl oxycar bonyl- 4- hydr oxy- 3-
nmet hyl pyrrolidi ne-3-carboxylate (0.55 g, 1.8 mml) in
N, N 30 di nmethyl formam de (10 nL), nethyl iodide (0.22
m., 3.6 mmol) and sodium hygyide (55%in oil, 117 ng,
2.7 mol) were added in an ice bath, and the m xture
was stirred at roomtenperature for 1 hour. 119 Ice
wat er was added to the reaction m xture, and the
n1xture was extracted with etgyl acetate (20 nmL x 3).
The e{tract was washed s th ter 0O nmL x 3) and
e§OBCeous sol uti o dam chl or i de (20 m)

‘hlé ordeL_qand drie hydr ous sodi um 5
e. After fil U%n

thg filtrate was
c t pated under r ced@%@§§§ure,-and the residue
was ified by siH ‘bel col utm chr omat ogr aphy
(hexane . ethyl acetate, 2:1) to obtain 0.38 g (66%)
of the title conpound as a pale yellom10|ly product .

" lesgl ol 900 RSB e
4-metlpjlens PA’rFQI]-Ildé’fe 72380 g, 39 - 2§ Hmm jI\B”-L(@@"'I?thfiﬁlzSué*:@Qf"lde
(3 mL) Mididchyl@ddhe [Ref qrignce skxanple 844 457-difluoro-1-
[ (1R, zls)B@nmhl@we £ DOy j&]wJ&féﬂ&o% gt bya d:ddadi ne- 3-ca
oxoqu12 éﬁ;ﬁ? CQQBQX;LPJTC c%@%@ofgt cﬂpl@ {433 mg,
1.20 Wpc&én??F8x§€§?%oﬁV@i4jﬁ%ﬂﬁé% re. was s 1rred at 35°C for 15
hours nefhyepyeententinad-139c sRBoxgaat ol Ouigguye, 1a18inadl §olution
of etletdnehd(#atdy Veishadded Ntagueous) solutnign aedd sodi um

triet @hﬁﬁbdQO(é ﬂiﬁ’wéygjéda% ame ¥t URE %@éléﬁé'wéﬁé ?ﬁg4ggkture

vas nebe LoRenoll ot 4y lan HarbEHRe S ATEd LOpbis. e
reactignn JlXEUEE a¥@S (AMGANEAERS ¥BIPH oF SRRShPUCRPIF SnadNd 10%
agqueougdgedutNohyadf oetioird @cdel d5Q10L N gnd awakdthe( 59 RLUr gere
added Was c@xt ragi@ae by Tobl Qi Rf @Fén 20 dltracded ThehexthivdCtacetate
(100 m\ﬁ'.a% ‘Q@ShgﬁdV\&ﬂé‘ o?t%tdfﬁ%t %Q éﬂuﬁgyswéé’ﬁé& 'm%‘:hofnaégg' YED mr. x
) anddoPurdfedifalliq BdiLRTol Aeth DGLAE O e
organic layer was dried w1th anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The
concentrate was dissolved in concentrated hydrochloric acid (5 mbL)
in an ice bath, and the solution was stirred at room temperature
for 10 minutes. Water (50 mL) was added to the reaction mixture,
and the mixture was washed with chloroform (100 mlL x 3). 10 mol/1
agqueous solution of sodium hydroxide was added to the agueous
layer in an ice bath to pH 11.0, and concentrated hydrochloric
acid was added to adjust the pH to 7.4. The solution was then
extracted with chloroform (100 mL x 5). The organic layer was
dried with anhydrous sodium sulfate and filtered, and the filtrate
was concentrated under reduced pressure. The concentrate was
purified by recrystallization from ethanocl, and the crystals were
dried under reduced pressure to obtaln 210 wmg (43%) of the title
compound as pale yellow crystals.

[0424]
mp: 236-239°C (decomposition).
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concentrated under reduced pressure to obtain 0.31 g

(89c)of the title conmpound as a colorless oily

product. [0448] 1H NWR (400 MHz, CDC13)5 ppm 1.33

(3H, s), 3.34-3.47 (111, nm), 353.36 (311, s),

3.53-3.75 (211, m, 3.85-318p (111, m, 4.09-4.18 (1H,

m, 5.14 (1H, s), 7.25-7.40 (51-1, m. 120 M5 (EST)

mz: 294 (MtH) +, 316 (M+:Na). [0449] [Reference Exanpl e

681
[elp 1-Benzyl oxycarbonyl-3-(tert-butoxycarbonyl am no) - 4- net
*H-NMI 0003 MEZD DELI YN0 Yo bbai: ne . D456, mraMe0s 2, LEHL2H, m),
3.55 %gﬂ;AHﬁpcoal Zlq ¢J 3. ;é%flioxsliOT@Ha s9lusi@n pfm, a, 7 -

Yg-0%Y
10.0 pdyr?*ofb?d?% B o oK 35&“?au?dci C0=3%%;%1. ]ofz'lm%ﬁy
4.99 {Hiy djr'uéhe €307 nil¥! rt?ﬂé’ih IF%amtneJ(e 297 nilz) 2 DH 6migH) t.
J = 2ahdHzdi pvedpl (pHosphor y+ azixdeéiz}0. B44A (1H1.43 JmDl2). 0 HZ)
ElemeM&i6; 38@8¢siandothe, Al i . was stirred at 125C for 2
Calcnﬁ.(%rt%d Al ersc? grcent fét.’z%gf‘h% IfACY 09,] ? 71 Xt Ufe(4

re uced _ préssare, digxarde (4 ni), "water
Four’;ﬁj) P torfdentr ar 64’ h%}dr%c‘fﬁ‘orbf'c Perd-(1'm.) were
IR (A’-él:dded 2%6<Ih628r565| ddes,ahdle hel®d kit urse anad4sei r 126 at1327,
1306, 5E A,on220howniso, VWdEr omtd. m.) was added to the
E042§@act|on m xture, and the m xture was washed w th
gte6£ O m.). The aqueous | ayer was
Ep h 10N sodlun1hydrOX|de aqueous

[Referﬁqég
Ethyl :?mﬂN"PRHZY (rotled e thne 8P Om. x 3).

methzlmﬂmuﬂwﬁQaeglqmst@@shed Mﬁth saturated aqueous sol ution
[0426Qf sodium chloride (20 nmL), and dried wi th anhydrous
sodium sul fate. After filtration, the filtrate was
concentrated under reduced pressure, and the residue
was di ssol ved

HCl - H,N" “COOEt E100C

/\N/\\,COOEt
'
Z

[0427]
To a suspension of glycine ethyl ester hydrochloride (41.9

g, 0.3 mol) in ethanol {300 mL) was added triethylamine {41.8 ml,
0.3 mol) and ethyl acrylate (10.8 mL, 0.1 mol) in an ice bath, and
the mixture was stirred at 80°C for 1 hour. The reaction mixture
was concentrated under reduced pressure, and water (400 mL) was
added to the residue, and the mixture was extracted with ethyl
acetate (200 mL x 3). The extract was washed with water (200 mL x
2) and saturated agueous solution of sodium chloride (200 mL) in
this order, an the dried with anhydrous sodium sulfate. &After the
filtration, the filtrate was concentrated under reduced pressure,
and the residue was dissolved in acetone (150 mL). To this
solution were added agquecus sclution of sodium carbonate (11.5 g,
108 mmol} (50 mbL) and a solution of benzyloxycarbonyl chloride
{18.4 g, 108 mmol) in acetone (50 mL) in an ice bath, and the
mixture was stirred at room temperature for 2 hours. The reaction
mixture was concentrated under reduced pressure, and water (400
mL) was added to the residue. The mixture was extracted with ethyl
acetate (200 mL x 3}, and the extract was washed with saturated
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25 in ethanol (10 nL). Di-tert-butyl dicarbonate (0.27

g, 1.22 mol) was added to the solution, and the

m xture was stirred at 50C for 1 hour. The reaction

m xture was concentrated under reduced pressure, and

the residue was purified bygsilica gel colum

chromat ogr aphy (hexane : ethyl acetate, 6:1) to obtain

0.27 g 30 (72% of racem c body of the title conpound

as a colorless oily product. [0452] 1H- NMR (400 Mz,
aqueo PSS ispnmofl sgdiumqshYarigde (2P0 8L30- 3nd 20y Iad with
anhyddus ddiunlkhlfgte) Affel Hap, £H1 08200 (EhElLLfil)krate was
conceﬂtE%Eé@fﬁ%d%§l%edﬁled%%r@gédﬁ§5|Bnﬁf%hes§gs{&@3%wés pukikieq

by 51%%%%6%ﬁuc%6u§§ ﬁrﬁm & ra%?pkégbOd éc?%&y tééétate, 5:1)
to Obﬁ?ﬂh35bﬁféWﬁﬁﬁe§ ??cﬁh?iQﬂﬁ%ﬂn&?@@PHﬁﬂya%sﬁr&?%ﬁ¥1ess oily
produmlptically active colum, and fraction a (0.29 g, 43%

[042g3 and fraction p (0.28 g, 41% which are enanti omers

e t.itl ound we S ct| el y,obta
3 59 4%% Mﬁz’ SC% cts {%%g |?§bn§ Of%t)h{eE 13?lca (28, m),
':?e B - 40 SR PRR AP {Bme CEE, 25 M 728677 - 28

(5H, T solvent : 2-propanol : hexane, 1:9 10 Flow rate:
MS (EH0 md/=zm nz et eetd)on: UV(254nm) Retention tinme: about
[0422f 1 mnutes (fraction a), about 23.5 m nutes

fracti 54] 15 [ Ref erence Exanpl e 69]
[Refe g@ﬁ?éxé%arbon Ian1no) 4 gethoxy 3vnethylpyrrol

[04308HBoc f'.1 20 [0456]  To a solution of
1-benzy|oxycarbony1 3- (tertbut oxycarbonyl am no) - 4- net h
oxy- 3-net hyl pyrrolidine (fraction a)

0. COOE
aodc/\m/\\,COOEt _ zwj_
z | N
Z

[0431]
To a solution of ethyl 3-[N-benzyloxycarbonyl-N-

(ethoxycarbonyl methyl)amino] ethylpropionate (26.8 g, 79.5 mmol)
in ethanol (200 mL), sodium ethoxide (20% solution in ethanol,
40.6 mL, 119.3 mmol) was added, and the mixture was heated under
reflux for 2 hours. After concentrating the reaction mixture under
reduced pressure, the residue was dissolved in water (100 mL).
Concentrated hydrochloric acid was added to this solution in an
ice bath for acidification, and the solution was extracted with
chloroform {100 mL x 3}. The extract was washed with saturated
agueous solution of sodium chloride (100 mL), and dried with
anhydrous sodium sulfate. After the filtration, the filtrate was
concentrated under reduced pressure, and the residue was purified
by silica gel column chromatography (hexane : ethyl acetate, 2:1)
to obtain 16.7 g (72%) of the title compound as a pale brown oily

product.

{o4a32]
'H-NMR (400 MHz, CDC13)8 ppm: 1.25-1.33 (3H, m), 3.87-4.37 (7H, m),
5.16-5.22 (2H, m), 7.23-7.41 (5H, m).
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(0.29 g, 0.8 mol) in nmethanol (10 nL), 5%
pal | adi um carbon 25 catal yst (water content, 50% O0.15
g) was added, and the suspension was stirred at room
tenperature for 16.5 hours in hydrogen atnosphere. The
reaction mxture was filterngd through celite, and the
filtrate was concentrated under reduced pressure to
obtain the title conpound as a colorless oily product.
This 30 product was used in the subsequent reaction

MS (ESfx Mi%s f3k4 h@FNaurification. MS (ESI) nmfz: 231

[0433IM+H) +. [0457] [Exanple 18] 122

[Refeggd@g@ﬁhmgié §2f hoxy- 3- met hyl pyrroli di ne-1-y1)-6-fl uor
Bl 2 xk'_g é% ?ﬁﬁho'- ‘i' 'Qﬁmé 3 -carboxylate

fromfraction a) 5[0458]

[0459] To a sol ution of
3-(tert-butoxycarbonyl am no) - 4- net hoxy-3- 10
tpyrrolidi ne i® dignet hyl sulfoxide (2 niL),

i et hyl ani ne (0, 33 C2OFt ol ) and
7-difTuoro-I-[U1R, - 2-

'l uor ocycl opr opy1] - 8-'ret hoxy- 1, 4- di hydr o- 4- oxoqui nol i n
e-3- carboxylic aci d % dlfluoroboron conmplex (0.19 g,
[04350. 53 mMmol ) were added, and the m xture was stirred at

4G, f&Bl@Em@l RQuIs w 1> Q%E)éfc%gzzaﬁlb%?%ehgr&{o M dine-

rea IOI’] m Xt ure we
3-carhRay At 16t il )I ard 4 Fﬂfﬂ@%hymn%eet% n3P, “and PR assmm
carbonatgt (P e9 s Hedt adodhderd ¢ty fostide Hauml) There added,
and theeAtkt@Re Nhad Wid rwag geneenl rraked upder re@dueedction
mlxturEr%§§Ué@hc§HE}d%%QYLnéégt@é@uéég)ﬂgéks%ﬁgdlgo aﬂ%%QPSZO mL)
veo acafh R Fo sl e 3 LIRS poted g he.el o
acetataqééw@ 1%ayer whie e%’ft'r’%?éttea’a\ﬁ Wﬁseﬁﬁyvl%%e%%f EQUEGUFL
solutign2pf spdiurhéhdoganifeteay2d gulve radc galtiumetded nelqwesized
solutivht &8f Wweddinun( 28 16k 1de3) 2andl. s atrirratied cageepusnd driidDRrith

anhydr@ﬁsS§5H£UH‘QQ£§%§ggl8%?§%Lkh!nf&hk§a9£&${t%%ﬁﬂ%%?t%ﬁte was
concenBibfed MHELO PR RORIUILSHLAL © arll bRE

Geed priEns lﬁ"é‘lfled
by silify 9%ve GRMBuEI AR BRI TIRSH GyPosnei cachRyY ! carefmte, 4:1)
to obtgimohat agr@sky O€htbe of Drim camplvadobhs 80pd)e vEildow oily
product| uate was concentrated under reduced pressure, and to
[0436f N€ concentrate was added concentrated hydrochlorlc
n ice bath. The reaction m xture

"H- NMR{§§O§t&FFed%Q 1y GoRPRenderdt UPH f br 5= nf nuthd - &n§5 (3H,
s). 3.%hshdd Wt H chldrdfB2m LG & K, 5%, JON h%u%adﬂ@ 4.07-
4.20 (%0) w)i,ond.af7 SoH| um hyds ad .de Bewds added (2B, tdie, agEEEUTS 40
(s, m)ayer to pH 12.0, and hydrochloric acid was then added

us h d0 4. The .m xture was extracted
(ms3 R H04 ! %n”(303rzr18_ ‘MEBI? and dried with anhydrous

[0437%od|un1 123
[Reference Example 635]

Ethyl 1-benzyloxycarbonyl-4- hydroxy 3-methylpyrrolidine-3-
carboxvlate
[0438]
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sul fate. After filtration, the filtrate was
concentrated under reduced pressure. The concentrate
was purified by recrystallization from
et hanol - di et hyl ether, and the crystals were dried
under reduced pressure to pi®ain 103 ng (46% of the
title 5 conmpound as a colorless crystalline powder.
[0460] np: 150-151C. 1H NWR (400 MHz, DMSO dO5 ppm
1.21 (3H, s), 1.47-1.58 (2H, n), 3.24-3.64 (4H, m,
3 1 (3H, s), 3.37 ( s), 3.87-3.94 (111, m, 104.08
J = 12.3, 96518(1H m, 7.67
(1 &Oﬁg‘_J_i;w_H;) f’% d 3 =27 H).
ementary analysis for OH23F2N305: Cal cul ated: C,
56 73; H 5.48; F, 8.97:z N, 9.92. Found: C, 56.71; H,
5.54; F, 9.03; N, 9.73. 151R (ATR)v: 2931, 1718, 16:17,
[043-‘13513, 1450, 1438 cm1l. M5 (RAE) nmlz: 424 (MtH) +.
[0 Gl =d1Ret eneat e il ®efi)y13xgt £rboBel XCate t A1 -4 -

oxopyfﬁ?fid’ﬁ@ B Qgﬁrfaﬁﬁfié@é“ (113) o 04628 Me1) :L]n mdNHBAE1 (20
Dk NHB% 463 25To a sol ution

mL) , S_I. LH%%O&?]S?E'QFB ﬁy 031 t‘-’ert mmol} was added at -20°C, and
the mﬁﬁ%&/é"&ﬁbéﬁ%’a’ﬁ@n‘i‘)‘i Weiréﬁﬁ‘@xyegpﬂﬁﬁﬂ%y@?%lqodf“ﬁéums To
the rdoEet odixOhreOwese gdded Bammwhied nmaetdhenaolitdom pf
ammon Vs xddedad% pal hadiaHg Garken (boontp) NHimy oM &ixtQrddwas
extracfgged ?@ﬂ ttnglnaéé @J"‘Pz% Sk Ecr%si alp %gt&sm@ee;fgg %%shed

S Tn en "atmsphere. ectlon
with ?ﬁ%&’iﬁt(? g“??’i‘? ‘%’rﬂnoﬁ hSEef 1T e ]a‘?ﬁ“{ at%nd

dried \igd-te gREFREPAE etodiitie rswlé@,@@ed &ﬁt@% lirlét@fat éatl a| 1hhet he
filtrdtid wesc oopoendraised wolear resaced| yregadect anthicbe residue

was pﬂl@.‘i‘é@t pyasi used ddn tha usuberaystod J QheWahBOUt et hyl
aceta 1e2r t3h 98%&{%'@%7 (gE§;_!'>)7 wgf t_zfg’é' '\@i@ co?ﬁ?:[agégﬂls a

colorlesEs OANY nBr 99Wet hoxy- 3- met hyl pyrrol i di ne- 1-171) - 6-f | uo
[0440d0- 1-

1-NMR[ (280 280z 2- fhaon ecysh opriopwelh- 8aneshpxyy 1, #- o fy.dro-4H, m),
4.11- 4°>§%qubﬁ°|rhﬁe 3; ﬁ@r@@?(yld' Cyaci g £ substityant ab (sg, m).
ws (BISHYLON oG, 59,

[0441]

[Reference Example 66]
Ethyl l-benzvloxycarbonvl-4-methoxy-3-methylpyrrolidine-3-
carboxylate

[0442]
HO ; MeO /
COOEt COOEt
N - N
i 3
z . F4
[0443]

To a solution of ethyl 1l-benzyloxycarbonyl-4- hydroxy 3-
methylpyrrolidine-3-carboxylate (0.55 g, 1.8 mmol) in N,N-
dimethylformamide (10 mL), methyl iodide (0.22 mL, 3.6 mmol) and
sodium hydride (55% in oil, 117 mg, 2.7 mmol) were added in an ice
bath, and the wmixture wasg stirred at room temperature for 1 hour.
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5 fromfraction p) [0465] [0466] 10To a sol ution

of 3-(tert-butoxycarbonyl am no) - 4- net hoxy- 3-

nmet hyl pyrrolidine in dinmethyl sulfoxide (1 nL),

triethylamne (0.33 nm, 2.4 mmol) and

6, 7-di fl uoro-1-[ (1R, 25) - 2-119

fl uorocycl opropyl] - 8- net hoxy- 1, 4-di hydr o- 4- oxoqui nol i n

e 3 carboxylic acid - difluoroboron conplex (0.19 g,

) were 16 _added , and the n1xture was stirred

Ice WéFeHOY§$(ﬁd4?dd§93tFﬁ R3¢ loliih MRS pheRB e Higture was
extraceadtwirh mthydr ecetate ef{handl xcént.ai ThaExt0¥cmaves ¢dthed

with WhiteBnthd hirekhgh aghfesd durdded aRMebl® BbXhtHeh WS sodium

chlor?ﬁgt ??0 ‘ﬁﬁﬂe r %fu uér&@f ]arE‘P C:L eeﬁf R?Eh C&ﬂ‘gﬁu nglum

eact | n m xture under res
SU1fa5‘Eet a“lfé're(-‘zg ?T‘fj’a%’rfalflc‘}% &&%BE@ 0¥ | FHSH T 615‘%: ﬁt‘ﬂ?‘%er
reducedipr¢sx0inel,) andr thadoesidus tae cuncbheddpe Fiorica gel
columf efitt @Aidterraphe (hexdmy er thifle agquecds 1 ayertovadtain 0.38

g (66e?(tc5§q:tlf€dt%ﬁg BLYbuRE el Aate pedQ %l%o@)mlﬂ{'} Gt

(044 ﬁkganlc ayers were conbi ned and washed wi t'"h “wat er (20
and saturated aqueous sol ution of sodi um
"H-NMR; h{ 460 @@zezGDﬁtg)ﬁn ®PPmhi sl ordtelr-2%ndHdr méd @i-LR-3-73 (3H, mw),
3.30 &3hydrious.28-4028 umisulnat &.. 1Af (@H, f8] trat3oty,. 3%hd5H, m) .
Ms (ed1) thad.e yas genpentrated under reduced pressure, and

[044§pe resi due was purified by silica gel colum
£ chronaxﬁ& §E % échloroforn1 nmet hanol , 100:1). The
[Re e%ﬁ?ﬁﬂe? 3 0 Z ntrated under aeduced pressure, and
1-Ben; rheBH1 L6 y Sl |

acid reS|due in an ice bath 30 The mi xture was stlrred at
[044¢pon1tenperature for 20 m nutes, and the reaction
m xture was washed with chloroforn1(10 m. x 5). | ON
aqueous sol ution of sodi um hydroxi de was added to the
MecAqueous | ayer to pH 12,0, and hydrochloric acid was
cadgded to adj ust the &0kt 4. The sol uti on was
Xty act ed—w-tH—eht-oref or O nL x 125 5) and dried
witt h anhydrous sodium sul f'ate. After filtration, the
fidtrate was concentrated &inder reduced pressure, and
the residue was purified by recrystallization from
[0447dt hanol - di et hyl et her - hexane. The crystals were dried
teder spéduted gf esdiyie 1t-benby boxyGerhvgys -@28¢Fhoky t he
methyligyirreleampeuntasafalte yel bevwycrystaldridle pawdehanol (4

mls) wa.[soélﬁa%dnﬂﬁ &@@oﬂg@‘l é 4 QdMﬁk h}%gl(@%) 34PRY, and

the mlgtt{glere wEp % 1rr3ed5@. §|q c or31 8’JP §1 1|qvat}ﬁ (10" mL) was
added r@4t@s aeqcatﬂ(%m%ﬁtum szné bl (nmctlme wpsggaghed Wity
ethyl =ckBafBeHzd ) . 68 2)1H, Ts)the EHerentsalyyanavysi sddai 1N
hydroced 041423623058 nfeal cuhat ede #ixD@re/ Jiadlex®rd8tel, by
chloro%o% (% 1%:.9}? '3}. The extract was washed with saturated
aqueous solution of sodium chloride (20 mL), and dried with
anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure to obtain 0.31 g (89%)of the
title compound as a colorless olly product.

[0448]
'H-NMR (400 MH=z, CDCl;)8 ppm: 1.33 (3H, s), 3.34-3.47 (1H, m},
3.36 (3H, s}, 3.53-3.7% (2H, m}, 3.85-3.95 (1H, m), 4.09-4.18 (1H,

" m), 5.14 (1H, &), 7.25-7.40 (S5H, m).
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Found: C, 56.56; H, 5.49; F, 9.09; N, 9.80. 15IR
(ATR)v: 2937, 1725, 1621, 1511, 1436 cm 1. MS (FAB)
mz: 424 (MtH) +. [0468] [ Reference Exanple 711 Ethyl
(3R 4R) - 4-fl uoronet hyl-2-oxo0-1-[ (1R -1- 20
phenyl et hyl ] pyrrolidi ne-3-tag boxyl ate [0469] rF O APh
[0470] 25To a sol ution of
(4R) 4-f | uor onet hyl- 2- oxo- 1- [(1R) 1-
ethyllpyrrolldlne (34. , 154 mmol ) and et hyl
MS (E§5P0W6Forﬁ§ﬁe6¥6ﬂh'n§1516§+ﬁﬁbl) i n tetrahydrofuran
[0442500 L), lithiumbistrinmethylsilyl amde (323 nL, 323

[Refe@Bbe HxdM1e0leglii on in tetrahydrofuran) was added at
1- Ben9§io§§ﬁkfﬂ35ﬂf—§tHﬁgr¥aﬁu§$ﬁ§éé¥%éﬂ}1§hlhg? éaﬂ@thxy 3-
erper [“ € TOI SU TIMTmutesS. —Sat uratcdad aygucuous SOTudtl ot
EEEEZEEZ§EQ£§£A£$ chloride (700 m.) was added to reaction
[045¢d xture at the sane tenperature, and the nmixture was
extracted wth ethyl acetate (700 nL x 2). The organic
| ayer was washed with saturated aqueous sol ution of
sodi um chl ori de (500 mL), and dried with anhydrous 35
MeQ;s odi ulfate. AfteM) ﬁ%é‘{fn the filtrate was
oRC ated 126 under /r pressure, and the
Si due was purlfled by *st1i ca gel col um
r omat ogr aphy (el ution Qith hexane : ethyl acetate,
5:1 -* 2:3) to obtain 35.0 g (77% of the title
[045€pnpound as a pale yellow oily substance. 5[0471]
, H NME (400 MHz, CDC13)8 ppm 1.31 (3H, t, J =7.1
HA 2 Bo3gtigp of 1 joenzylpxeprbongs- 8- Mt HoRy-3m) | 3. 17
methy (i ral,idine-3-datzdxyBLBRitilp.d, gJ r. G2 4undd)), :'Lﬁ 7d4luene
(10 mit)LH, trt:uetﬂlyfaﬁlﬂe Hzd .24 w36 0205 flmod) =arfa laideny
phospl-élesizl( %g}dgd’ﬂ} % T%H rh%%bl? érgré 1é‘&dec9 a‘lld_ tZLE mixture
was stirred at 125°C for hours. After concentrating the reaction
mixture under reduced pressure, 1l,4-dioxane (4 mbL), water (4 mL)
and concentrated hydrochlorie acid (1 mL} were added to the
residue, and the mixture was gtirred at 50°C for 2 hours. Water
(10 ml) was added to the reacticon mixture, and the mixture was
washed with ethyl acetate (10 ml). The agusous laver was alkalized
with 10N sodium hydroxide agueous solution, and extracted by
chloroform (20 ml. x 3). The extract was washed with saturated
agqueous solution of scodium chloride (20 mL), and dried with
anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure, and the residue was dissolved
in ethanol (10 ml). Di-tert-butyl dicarbonate (0.27 ¢, 1.22 mmol)
was added to the solution, and the mixture was stirred at 50°C for
1 hour. The reaction mixture was concentrated under reduced
pressure, and the residue was purified by silica gel column
chromatography (hexane : ethyl acetate, 6:1) to obtain 0.27 g
(72%) of racemic body of the title compound as a colerless oily

product.
[0452]
'H-NMR (400 MHz, CDC1;)}8 ppm: 1.41-1.45 (12H, m), 3.30-3.82 (7H,
m, 4.12 {1H, g, J = 7.1 Hz), 5.09-5.26 (3H, m), 7.24-7.38 (5H, m).
MS (ESI} m/z: 387 (M+Na)®t :
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[0472] [Reference Exanple 72) Ethyl
(38,4R) - 4-fl uoronet hy123j ahyl - 2- oxo- 1-[ (1R) - 1-
phenyl et hyl ] pyrrolidi ne-3-carboxylate 15[0473]
MOOD  ,r-F 04N) [0474] To a solution of ethyl
(3R, 4R) - 4-fl uor onret hy1- 3- meghy1-2- 20
0x0-1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3- car boxyl at e
(33.4 g, 114 mol) and iodonethane (9.94 nL, 159 mmol)
in tetrahydrofuran (670 nL), potassium

[045B] strinethyl silyl amide (274 nmi, 137 mmol, 0.5M
sEémt;owherranahuenbpdyasfauueduaﬂe-E&ﬁpoand {hes8 g, 1.87

mmol) mvai.-. ugﬁay@@ceﬁ itk adgﬁtpéfsomet qrfgariat Hﬁﬁorﬁ@tfog]a%éa

i es. . le tet %Eatg Eﬂ¥gcgr gglly |er ase 5n)
us ngsﬁn “’% Ut Es W TSt tr ““t‘b ana-Tattr
and fyagete’ BoltuReoH- o#l’ tehnads 6RRAS1PTeDS rfe) %tltle

compopddederd narpacgavelynohtxingd asTireleirteas ecwks products.
Condiexthaci®Lhd bptebhyl raeelwtion:700 nL x 2), and the
ColumR! 9RHTRALBYR aMaspABSHEd MW Ll Sabypahed agueous
Solvegglutlon ofagoglug%cgiorlqg (500 nmL), and dried 30

Wt h anﬁyaPou% GHsul e . After filtration, the
Flow ¥?¢?raﬂ@ RaémEdncent rat ed under reduced pressure, and
Detecthenr e¥vdad4mms purified by silica gel colum

Reten€l¥OTBHRAT apBYuK &l dISi %nl%xeae@f&ctlc% !, agRhatgs 411
mlnutes L9 oB?aln 29.1 g (83% of the title compound
péie yellow oily substance. 35[0475] 127 1H NMR
50454(400 MHz, CDC13 5 ppm 1.29 (314, t, J = 7.1 Hz), 1.49
[Refe¥%ﬂ¢esﬂxamP1§65€ J =8.8 Hz), 2.34-2.47 (1H, m,
3- (teﬁt{Bhﬂdky@arﬁdnyﬂamuﬁbﬁ%44hetthyr33méehyﬂﬁykrdlidlne 9.5
(derivid - fr%ml%rggt'::_oﬂ’(ic_é = 7.1 H), 4.34-4.59 (24 m, 5.52
[045%TLU+ P 7. 28- 7 39 (5H, m. 5[0476]
Ref erence Exanpl e 73]
(35, 4R) - 4- Fl uor onet hy1- 3- et hy1- 2- oxo-1-[ (1R) - 1-
phenyl et hyl ] pyrrolidi ne-3-carboxylic acid [0477] 10

MeO MeQ
2?{§—NHBOC fof—NHBoc
T N

! i
Z H

[0456]

To a selution of l-benzyloxycarbonyl-3-{texrt-
butoxycarbonylamino) ~4-methoxy-3-methylpyrrolidine (fraction a)
(0.29 g, 0.8 mmol} in methanol (10 mL), 5% palladium~carbon
catalyst (water content, 50%; 0.15 g) was added, and the
suspension wag stirred at room temperature for 16.5 hours in
hydrogen atmosphere. The reaction mixture was filtered through

-celite, and the filtrate was concentrated under reduced pressure

to obtain the title compound as a colorless oily product. This
product was used in the subsequent reaction with no further

purification.
MS (ESI) wm/z: 231 (M+H)}".
[0457]

[Example 18]
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[ 0478] To a solution of ethyl
(33,4R) - 4-fl uoronet hyl- 3-net hyl- 2-
0x0-1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3- car boxyl at e
(20.0 g, 65.1 15 mmol) in ethanol (400 n.), 10 nol/1
aqueous sol ution of sodi umdwydroxide (65.1 nL, 651
mol ) was added dropw se, and the m xture was stirred
for 30 mi nutes. Water (400 nL) was added to the
reaction mxture in an ice bath, and the aqueous

7- (3-ABLRP i hrtsiAeE I hBat v Py eh idiner Rayl) s60F JHQro-1-

[ (1R, EBheznf hairedviey.dpoohl bl + &-reesilbx30 lwasdablpddo14- t he

oxoqu BAYEOMS- J Behok 188 LE6E4 baddbdta thiEn? LE Posiibd Ne derived
S extracted with chforoform (500 nL X 3).

from ”X5€J§ “@
w2 ‘dﬁﬁiﬁ | ayer was dried with anhydrous sodi um

[045%hlfate, and after filtration, the filtrate was
concentrat ed under reduced pressure. The concentrate
was azeotropically distilled by adding toluene (20 25
‘And dried under reduced pressurejto _obtain 19.16
quaqt¢@RAR,ve) of the title €OH whi t e
(d. [[0479] 1H NMR (400 MHz 5lppn1 1.51 (314,
;, W59 (314, d, J= 7. M ¢ R A4 2.%4 (114, m, 3.12
(M,e{_)gg,: J =10.5 7.1 Hz), 333 30dd, J = 10.5,
3.9 , 4.60 (2H, dd, J = 4&H8, 5.1 Hz), 5.49 (1H, q,
J =7.0 Hz), 7.26-7.40 (5H, m. [0480] [Reference

Exanpl e 74]
[045%035, 45) - 3- (tert - But oxycar bonyl ani no) - 4- f | uor onet hy1- 3-

st [gy Bolutigy ¢f IR) (tEihdMErEY ARG POYY kaming)mé -mefhgxy-3-
methy [BASH1 iHORE Me @dnhelyIF SN foxidPh (2 [0M82]trietaylamine
(0.33 38l Ut .anRb1{ 3snd R A-diliekeeri by 11 8; @t hyl- 2- oxo- 1-
fluorocyclopropyl] -8-methoxy-1, 4-dihydro-4-oxogquinocline-3-
carboxylic acid - difluorcboron complex (0.19 g, 0.53 mmol) were
added, and the mixture was stirred at 40°C for 21.5 hours in
nitrogen atmosphere. To the reaction mixture were added ethanol
containing 10% water (10 mL) and triethylamine (1 mL}), and the
mixture was heated under reflux for 1 hour. The reaction mixture
was concentrated under reduced pressure, and ethyl acetate (20 mL)
and 10% agqueous solution of citric acid (20 mL) were added to the
concentrate for separation into two layers. The agueous layer was
extracted with ethyl acetate (20 mL x 2}, and the organic layers
were combined and washed with water (20 wmL x 3) and saturated

© agqueous solution of sodium chloride (20 mL) in this order and

dried with anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure, and the residue
was purified by gilica gel column chromatography (chlorcform :
methanol, 50:1). The eluate was concentrated under reduced
pressure, and to the concentrate was added concentrated
hydrochloric acid (1 mL) in an ice bath. The reaction mixture was
stirred at room temperature for 15 minutes, and washed with
chloroform (10 mL x 5). 10N agueous sclution of sodium hydroxide
was added to the aqueous layer to pH 12.0, and hydrochloric acid
was then added to adjust the pH to 7.4. The mixture was extracted
with chloroform (30 mL x 5) and dried with anhydrous sodium
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5 [(1R) - 1- phenyl et hyl] - pyrrol i di ne-3-carboxylic acid
(65.1 mmol ) and di phenyl phosphoryl azide (15.4 niL,
71.6 nmmol) in toluene (380 nL), triethylamne (18.2
m., 130 mmol) was added, and the mi xture was stirred
in an oil bath at 110C fori123hour. The reaction
m xture was concentrated under reduced pressure to
obtain t he crude 10 product in the formof an
socyanat e. (ESI) mz: 277 (M+H)+ [ 0483] The
SﬂfaF@sulftﬁtr‘?d’ éﬂ&&@abt%u&h% nE 4 & 3C6r HRBT CARCERIRfGratgder
reducgdspdessuteedThe dodediiosatve wa@0rok) fiathdowat er (45
recryBthlanga dfort deanttabadl hyds©gfllcites, aaht (HE BiYstdlS were
driedagﬂﬁgr'ﬁe&&éd‘:?rké%tsﬁr aﬁg oﬁ@aﬂl )&tolér ?1% §6§§ | O eﬂj@ﬁ:l&.le
rogm t enper g ; was adde
COMPOHHSt Hg ?eﬁﬁﬁﬂr ﬁsﬁ1§F§FEa HeE 3ﬂ¥ *xture was washed
[046Q§ t h di ethyl ether (200 nL). 10 mpl/1 aqueous sol ution
mp : 1gosnﬂrun1hydroxide was added to the aqueous |ayer to

H- W1%§ 0 bMEQ% g ﬁ bat by aRg, tEg M XL IS on, m),

3.24 5 L2hEC (30 nhx &}, The, arsani 9y )
sa urated a deous$ so ution o
rcrﬂ m|18e3(1602n%§ » ghPeafr-éf difi g’ wittP? (1H. 4. J
= 13. &n%wUJdU§35ddHunﬂqufat%‘hﬁﬁﬂflltratlon the filtrate
Elemeﬂf@rpoﬁﬁﬁg@ﬁatedrunggQg@gqued pressure to obtain the
Cal&fllé.%%%lor 0@'“@6 LY t%%"&%gﬁ adl. 9275 i rlég)sglgprln 1 30
& }2 71:75%f A 891 -18-2.32 (111,
IR (ATH), V2 983¥:1I—17]c8d 13515 1@533 71$5¢-|z)14333 PFI’(lH dd, J =

MS (FAE). 40/74. 34Bg) (M4HMB-4.72 (211, n), 5.48 (111, ¢, J
{04610 1 Hz), 307.15-7.37 (5H, m). NS (EST) niz: 251

[Refeg%ﬂﬂ@-gxah%QQS%g]l The crude product in the form
u- ".- 3 % 1 ' t)

(derluﬁﬂlﬁmomnf@ﬁCSB@mLﬂﬂ bls(2 nethoxyethoxy)aluntnunt
[o462jydride in 129 toluene (48.3 nL, 161 mml) in tol uene
(6 nmL) was added dropwi se in 15 ntnutes in an ice bath
so that the inner tenperature does not exceed 50C, and
hernxnﬂevmsstwredatroomtemmrMUreforlo
oc 1N€ react i on MiS¢ as cooled in an ice
9 i ghit )\ aqueous sol ution of sodi um
hyl f oxi de (160 nL) was a d dropwi se. After quenching
the solution, the solutiof was extracted with tol uene
(135 nl). The - organi c | ayer was washed wi th saturated
aqueous solution of sodiumchloride (100 nlL), and the
[0463dr ganic | ayer was dried with anhydrous sodi um sul f ate.
Ept er s@Dufid reft iloipentzlyd okivbaratey Wes- Gentent r at ed

butoxyeRd8bny eARCes) 1 8-S Wy -3 -methylpyrrolidine (fraction B)
{(0.28 g, 0.77 mmol;} in methanol (10 mL) was added 5% palladium-

carbon (contalning water, 0.14 g), and the mixture was stirred at
room temperature for 18 hours in hydrogen atmosphere. The reaction
mixture was filtered through celite, and the filtrate was
concentrated under reduced pressure to obtain the title compound
as a colorless olly product. This product was used in the
subsequent reaction without further purification.

{ESI) m/z: 231 {M+H)".

[0464]
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to obtain the crude product in the formof an am ne
(10.0 g). Ms (ESI) mz: 237 (A+tH)+ [04861 To the
crude product in the formof an amne (10.0 g, 40.2 15
nmmol ) was added di-tert-butyl dicarbonate (9.65 g,
44.2 mol ), and the reactitgy m xture was stirred at
roomtenperature for 10 hours. After stirring, the

. solvent was renoved by distillation under reduced
pressure, and the residue was purified by silica gel

{ExamE%‘Puh%] chromat ography (eluted with hexane : ethyl
- (3 -amEnat £:nekdioky-3 -B6t By Yy vt ldlstisien 11 vI8- §- f Basteds,

[(lR 889 - @fflﬁt&ddyﬁh@pﬁgﬁgm&@cﬁb ehonl-asaydranspar ent

QXOg

from 5raq@t¥°ﬂ'k3) td, J = 14. 20'7.1 Hz), 2.45 (113, t, J 25=

[046% 3 Hz). 2.57 (113, d. J = 9.3 Hz), 2.70 (113, d, J =

9.3 Hz), 2.92 (1H, t, J = 8.8 Hz), 3.31 (111, q, J =

6.6 Hz), 4.42 (113, ddd, J = 47.1, 9.3, 6.1 Hz), 4.63
(1130 ddd, J =47.4, 9.3, 6.1 Hz), 4094 (113, s),

; Sbof. 30[ 0488]

-fI uor omet hy1- 3-

1 3 - C »

M”m i di ne [048 ﬁ% 13§Me[ 0] To a
of (35,4S)-3-(ter ut oxyc nyI am no) - 4-

fl uoromet hyl-3-net hyl-1- [(1 2 1- phenyl et hyl 1 pyrrplidin

e (1.35 g, 4.01 mol) in ethanol (30 nL) was added 10%

[046&dal | adi um car bon
To a golution of 3- (tert-butoxycarbonylamino) -4-methoxy-3-

methylpyvrrolidine in dimethyl sulfoxide (1 mL), triethylamine
(0.33 mL, 2.4 mmol) and 6,7-difluoroc-1-[(1R,28)-2~
flucrocyclopropyl] -8-methoxy-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid - difluorcboron complex {(0.19 g, 0.53 mmol) were
added , and the mixture was stirred at 40°C for 3 days in nitrogen
atmogphere. To the reaction mixture were ethanol containing 10%
water (10 wl) and triethylamine {1 mL), and the mixture was heated
under reflux for 1 hour. After concentrating the reaction mixture
undexr reduced pressure, ethyl acetate (206 mbL) and 10% agueocus
solution of citric acid (20 mL}) were added to the concentrate for
separation into two layers. The aqueous layer was extracted with
ethyl acetate (20 mL x 2), and the organic layers were cowbined
and washed with water (20 mL x 3) and saturated aqueous solution
of sodium chloride (20 mL) in this order, and dried with amhydrous
sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure, and the regidue was purified by silica gel
column chromatography (chloroform : methanol, 100:1). The eluate
was concentrated under reduced pressure, and concentrated
hydrochloric acid (2 mL) was added to the residue in an ice bath.
The mixture was stirred at room temperature for 20 minutes, and
the reaction mixture was washed with chloroform {10 mL x 5}). 10N
aquecus solution of sodium hydroxide was added to the agueocus
laver to pH 12.0, and hydrochloric acid was then added to adjust
the pH to 7.4. The solution was extracted with chloroform (30 mL x



5 catal yst (containing 52.8% water, 1.30 g), and the
suspension was stirred in an oil bath at 40C for 12
hours i n hydrogen gas atnosphere. After renoving the
catalyst by filtration, the filtrate was concentrated
under reduced pressure to m® ain 932 ng (quantitative)
of the crude target conpound as a colorless 10
transparent syrup substance. [0491] 1H NMVE (400 VHz,
ppm 1,44 (911, 8’147;54;3118 16- 2.30
5) anféﬁqfl%} lehssntlﬂatoua sodfum gud Fagp. RIFEY fﬂltaatlanc the
filtrdfe yas/ .chndentrdt@@ Yidér desduded pie8suBe 6 &k tH@ 2@sidue
was phiidied by reddss?alibizhtidn48rdm 69cHA1N - dTeth$188her-hexane .

The c%%&éalss )weIMBdQﬁéh)mﬁ'&ér 12e?ﬂ?th3M' p%ss{lgé 9,-2‘; J]:E)%a.L'H) '5% ng

1
(?5;6) 17;1‘[ (e zts-)tla AATRAGUE 1396 BREEhYEL 3OWeERYF RS &oHdpT -
y].]-6-
mp : 1f5|2qug°<-;t [(1R 25) - 2-fluoro-|-cycl opropyll- 8- met hoxy- 1,

R %%%& AomsOARIH HGh ) NS~ %octéﬁoxéfﬂ Xl %9;' 4 @493k, m)

3.13- tert3%u Satrb nb)s)4’ or orer h);iHs-m)
4.05- %e‘t%y(llﬁyr bi i %zoﬁ e 951 ffpfJH, d, 7 = 13.9 Hz),
8.68 6LH- @i)f.l uoro-1-[ (1R, 28)- 2

Elemer{lai@f @nbi¢¥ek opsO Ny, 1,85t hoxy- 1, 4- di hydr o- 4- oxoqui no

r Rexyki cac f lugrQbgr o npl ex (343
CalcluELQ‘E d; CCam%t%l 3}5 aﬁd 045%“C§et ﬁul%am ﬁe ? §%59 m., 1.14

Foun \ﬁeﬁ'lgsdl HeoPvbd iy df fEtingi- §UPPOX| de (3 m.), and
IR (ATQ)Nrr e2P3h d726i.| 16ath 851B5Q 436 <8 hours. After
MS (FAEONa¥Btr ad3ng(MHER *reacti on m xture, a m xed sol ution

[04689f ethanol and water (ethanol : water, 9:1) (40 ni)
t ne (1 nm) were added to the
[Refer%%%e % gﬁl?%aﬂ]d the m_xture was heat ed 131 under ref
1 f : <tyre-was concentrated

t SREIe FHue e FOOXeat ncentrate was di ssol ved
[046901N et hyl acet at e (100 m. x 2), and the solution was
washed with 10% aqueous solution of citric acid (50
m), water (50mx 3), and saturated 5 aqueous sol ution

of s g,um chl oride (Eborl)., The organic |ayer was
Mvﬁth anhydr ous sodi; silfate, and after’
o=fN |fering the—resi due,pthe filtrate was concentrated
ﬁer reduced pressure. ThKe concentrate was dissol ved

pencentrat ed hydrochleftg, acid (20 nL), and the
sol ution was stirred at roomtenperature for 30

[0470]
To a solution of (4R)-4-fluoromethyl-2-oxo-1-[(1R)-1-

phenylethyllpyrrolidine (34.1 g, 154 mmol) and ethyl
chloroformate{(16.1 mL, 169 mmol) in tetrahydrofuran (500 mL},
lithium bistrimethylsilyl amide (323 mL, 323 mmol, 1.0M solution
in tetrahydrofuran) was added at 0°C, and the mixture was stirred
at the same temperature for 30 minutes. Saturated agueous solution
of ammonium chloride (700 mL}) was added to reaction mixture at the
same temperature, and the mixture was extracted with ethyl acetate
(700 mL x 2). The organic layer was washed with saturated aqueous
solution of sodium chloride (500 mL), and dried with anhydrous
sodium sulfate. After filtration, the filtrate was concentrated
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10 mi nutes. The reaction m xture was washed with

chloroform (100 nL x 5), and to the aqueous | ayer was

added 10 npol/1 aqueous sol ution of sodi um hydroxide to

pH 12 in an ice bath. Hydrochloric acid was added to

adjust the pHto 7.4, and t4% sol ution was extracted

with chloroform (150 nL x 4). The organic | ayer was

dried with 15 anhydrous sodi um sul fate, and after

filtration, the filtrate was concentrated under
underr geReRf PTESSUre, IRE PohdEaRiditevaRsPRErtFekPYhpllica gel
columh e€liySizaddgraghiyone i nometianohexand t heckyy sicdtateere:1 —
2:3) €d61sstanders Hedueeds Pres e t1ie18btahpodeP 49 o %41%5 k110w

e conmpound as a pale yell ow powder. 20[ 0495]
oily g"t‘}f"?s‘Ilgé{)J °I89C. 214-NVR (400 MHz, 0.1N NaOT))8 ppm 1.38

E047'3(]315 s), 1.40-1.51 (1H, n), 1.51-1.63 (1H n),
'H-NMR. (4B02MB8, (AbG1,0P, pBm 43 1(. 38, (8, Jt = ©.6 Ha) Hz3,58.55 (3H,
d, 7 4314 18), 3.66-3.08 (@Y w),, 33:85(14114, t3 =JT49H4 3.39
(1H, c!l"z)J 4. 70% Hggff 9584 14y L (1];»04 ?}}8 {144y dzP'dz 3& 3y -
1l Gl BB B G T S (S
7.26-7.38 HEH, m emsnt ary anal ysi s for C20H22F3N3040 25H20
[0472Cal cul ated: C, 55.88; H, 5.28; F, 13.26; N, 9.77.
[Refe:@é}ﬁﬁjlﬂage552ﬁ8 H 5.29: F, 13.17: N 9.84. IR

Ethyl ( D02 o A8 730 $.51, y 4363,

npl e 21]
phenylgihyl]pyrrolldlne 3-carboxylate
[04737. [ (38, 48) - 3- Ami no- 4-f | uor omet hy1- 3-met hYl pyrrolidin-1

_yl] 1-
cycl opropyl- 6-fl uorc- 8- net hoxy- 1, 4- di hydr o- 4- oxoqui nol
EtQGee- 3 car boxyl i c aci HopO) 48:7 F132 [ 0498]
m 3-(tert-butoxycar byl am no) - 4-f | uor onet hyl- 3-
pyrrolld-l-n-e—4465 . 200 mol ), .
c cI opropyl-6 ‘
)L /kPh
[0474]

To a solution of ethyl (3R,4R)-4-flucromethyl-3-methyl-2-
oxo-1-[{1R)-1-phenylethyl]pyrrolidine-3-carboxylate (33.4 g, 114
mmol) and iodomethane (2.94 wmL, 159 wmmol) in tetrahydrofuran (670
mL), potassium bistrimethylsilyl amide (274 mL, 137 mmol, 0.5M
solution in toluene) was added at -78°C, and the mixture was
stirred at the same temperature for 10 minutes. The temperature
was gradually increased in 30 minutes with stirring to ~10°C, and
gaturated aqueous solution of ammonium chloride (700 ml) was added
to the reaction mixture. The mixture wag extracted with ethyl
acetate (700 mL x 2), and the organic layer was washed with
saturated agueous solution of sodium chloride (500 mL), and dried
with anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure, and the résidue was purified
by silica gel column chromatography (elusion by hexane : ethyl
acetate, 7:1 - 1:1) to obtain 25.1 g (83%) of the title compound
as a pale yellow oily substance.

[0475]
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5
di fl uor o- 8- net hoxy- 1, 4- di hydr o- 4- oxoqui nol i ne- 3- car box
ylic acid - difluoroboron conplex (68.6 ng, 0.200
mml ), and triethylam ne (0.0335 nL, 0.240 mml) were
di ssolved in dinethyl sulfmgde (0.5 nL), and the
m xture was stirred in an oil bath at 35C for 19
hours. After concentrating the m xture, a m xed
L solution of 10 et hanol and water (ethanol : water,
H-NMR): (90Q 2B zrl FPehd &t ppet hyll &% éH(0ts #lI Bdd@d)bolt Be (3H
s), 1CHOCEIH r at,e J and.8hBzN Xt Wide-20nas Hert ed) urddars rgft,l dd, T =
, 8ot I?z)hodlﬁés The, reackion ;ﬁzqr e4W@g epmcent rated 1 mz),
nder sPEES a r u [ ve
36400 RO o P e ST L U o 80} 01 g doaghred
ﬂhshed with 10% aqueous 15 solution of citric acid (50
{Refentgqe\ﬂﬂamplﬁ5@ﬁix 3), and saturated agueous sol ution

(38, 4RJ - sodiudRcalk Byl de-hdthyl-)o -ckae 101 gar) €14 ayer was

henyHLLRA | 3aRYHL OUS ;suLf.age, and the sol vent
[047 ' reduced pressure.
he resi due was di ssolved in concentrated hydrochloric

acid (5 nm) in an ice bath, and the 20 sol ution was
stirred at roomtenperature for 30 m nutes. The
EtQQ dde m xture wa$oOk 4 gM th chloroform (100 nL x
—afnd to the aqueous) er was added 10 nol/1

a s solutien of ool hydroxide to pH 12 in an
I ce |Jbath, and the hydroghloric acid was added to
adf'uskh t he pH'to 7. 4. rsol ution was extracted wth

25 chloroform (100 nL x 3), and the organic | ayer was
[o47¢qried wth anhydrous sodiumsul fate, and after

Y
reducea pressure. e conéen rate wWas Iy %g
oxo-1 r[e(élRy)stlaPP?‘i?éJceF’H?Ylﬂrpé'ﬁﬁré’tlHQﬁBF a?ﬁrkiclﬁ’lé'tt)‘?st 4PsOwlre®s-1

mmol) dmi edhandér (4@Uuded prlesolrd sguebidiseURienngf( 5ed4um
hydroxifidet hest Lthe, b reRAUNtadsadduli dogpawder anf04089] mivpture
was std29=8286r 36*%&4500 Whker O¢dY Da )vg.spgmie&) &2- @15.90
react%é%HmleLti %ffh g%hdlt%% ouglff&ug%an ﬁas
washedlylgh glgtmﬁyethgiﬁgOﬁ)mbh 7gygug%1%9§§d hydr@shlorlc acid
was addedment bhy apaios dafer CRO#R3IF2N3IAEDL FGap8uRateds, Gnd
the mi%8u%6,; whk xBBcted NiBB cMiodOfddm FERUNGL & 398. Ui H,
orgam% %%yeg wés%gf 1% w]lg 1gnh%_§%§us il 829 £21808and 43 er

flltra’fl 8t13% fg‘%%%l *nd?%- FPUD B’r'r‘é‘i“'h VR REPRGRE TR TRES

The coycym}r@te was azeotropilcally distilled by adding toluene (20
mL) , abludrbed-ffddR 28)2efll poessdre yiod aptedyllo8iaeghyl- 1, 4
(quanti€hBYHEP-dr OGR! LBRpSuLdrHoXy hir £aCkd1(8501]

[0479]
1¥4-NMR (400 MHz, CDCl:)8 ppm: 1.51 (3H, s), 1.59 (3H, 4, J = 7.1
Hz), 2.42-2.54 (1H, m), 3.12 (1H, 4dd, J = 10.5, 7.1 Hz), 3.33 (1H,
dd, J = 10.5, 3.9 Hz}, 4.60 {(2H, dd, J = 46.8, 5.1 Hz), 5.49 (1H,
g, J = 7.0 Hz), 7.26-7.40 (5H, m).

[0480]

[Reference Example 74]

(35,48) -3- (tert-Butoxycarbonylamino) -4-fluoromethyl-3-methyl-1-

[(1R) -1-phenylethyl]lpyrrolidine
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15 [ 0502]
(38,48)-3-(tert-but oxycarbonyl am no)-4-fl uoronet hyl- 3-
nmet hyl pyrrolidine (932 ng, 4.01 mmol),
6, 7-di fluoro-1-[ (1R 28)-2- 20
fl uoro-1-cycl opropyl] - 8- nefdgy/1- 1, 4- di hydr o- 4- oxoqui no
i ne-3- carboxylic acid - difluoroboron conplex (922
ng, 2.67 nmol), and triethylam ne (0.447 nL, 3.20
nol ) was dissolved in sulfolane (5 nL), and the

[048% xture was stirred in an oil bath at 35C for 166
hours. After concentratlng the reaction m xture; a

HQR sgi ut i on 25B¢HNgfMe and wat er (ethanol

9:1) (80 nL) a riethylamne (1 nL) were

ee” t 0 the—concentr , and the m xture was stirred
in gn oil bath at 90C fior 30 m nutes. The reaction
m <t OPre was concentr afetPrunder reduced pressure,. and
the concentrate was dissolved in ethyl acetate (200 nL

{048§12), and 30 mashed wi th 10% aqueous sol uti on of

citric ter 00m x, 3 rat ed
R RO IEbE a0 O bTS AR PPaEhT L o A g B8 -
(1R) olgﬁmwueawﬁlmgrmlie#mﬂf%ﬁmwém %%1 uthSsdl rapd) and

dlpheﬂmbnd@kmly\leamwas (T®rowvad D .di shol) atn drolueger (380 mil),
trletlﬁ%% R'&%S§Uﬁ1§ The rﬁnm)d%smeadaarléﬁ@owa nSk@hke was
stirreh 4 3 g%l"%ﬁ%ﬁ“%ﬂf’ SRl pol ‘?h“s*—*é’a”ct o ke
was cq%qprbqrsast@riv@a PR TOMSST PRSFURGJF cﬂ*P‘b?’r‘b ?%
produet )in rrhen fiocw bhtdn ewkvEmetei-xt ure was stlrred at

MS (ESDOmAmNMperat (Nanf:or 30 minutes, and washed with
0483c]hloroform(100 mL. x 5). To the aqueous | ayer was

I t. f d '
009 JOIEHL L AR R AL O 01 SR AT LR 051 v

dissolerfbdnt & - éd}iagita%e 3H L f7a&1d YRESSof 4R iH RRE
concemxtatact égdwpthlehl orasfigh ni4G180) nvag &jdedrigr e ice bath,
and tHY¥ %&Bﬂt@lrleaié&é vesreid ed wdoh ashydramsrsotbium svui-at e water

(180 rﬁ,)t &fasf LAt LONend Jaélto&lah%x\eﬁfecmrﬁr{eanragmwgeﬁas

v SSCRBE BT B I el O A e o
¥

sodiumgtyvstopader vpeRRAEE fieddEr U 8OBBL %ﬁlSﬁElgﬁoz Dy °( 69y 1B in
an icd hetth,t hedcon@ouixtas: aapakatyettedy wowderthldr@508h hpoo mb
x 2). 13Be18/&andd NVR( 409 VeBhed. ANHNaBLaRRH adudSud . Sution
of soéfum c%hbr}dgs 6%imﬁ$ and after drying with anhydrous
gcodium sulfate and filtration, the filtrate was concentrated under
reduced pressure to obtain the crude product in the form of an
amine (10.1 g, DM041701).

[0484]
1H-NMR (400 MHz, CDCl3)® ppm: 1.30 (3H, s), 1.55 (3H, 4, J = 7.1
Hz), 2.18-2.32 (1H, m), 2.98 (1H, dd, J = 106.3, 7.3 Hz), 3.17 (1H,
dd, J = 10.4, 4.3 Hz), 4.48-4.72 (2H, m), 5.48 (1H, g, J = 7.1 Hz},
7.15-7.37 (5H, m}.
MS (ESI) m/z: 251 (M+H)”.

{0485]

The crude product in the form of an amine (10.1 g, 40.2

mmol) was dissolved in tolueme (200 mL), and a solution of 65% (by
weight) solution of sodium bis (2-methoxyethoxy)aluminum hydride in
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151.55-1.66 (1H, m, 2.52 (3H, s), 2.5
3.20 (1H, d, J = 9.8 Hz), 3.49 (1H, t,
3.70 (1H, t, J =8.9 Hz), 3.78 (1H, dd,
Hz), 4.09 (1H, dt, J = 9.9, 4.4 Hz), 4.70 (
= 41.9, 9.4, 6.0 Hz), 4.80:2886 (1H, m), 5.0
J =67.9 Hz), 7.69 (1H, d, J = 14.0 Hz), 8.4
J - 3.2 20 Hz). Elenentary anal ysis for
C20H22F3N3040. 75H20; Cal cul ated: C, ;
toluene 9448 FHly: 1€1 BEOLY; 11y tajuppe & Té 6’"“"91 R ﬂ WPWlse
in 1529080t873, ah7i8e 116111?11 sd 548t mzmmasltemmtumsaoes
not e28ddd %50°t282nd 1483 mikdiBe HiQlseitded [45Q4on EXRAPRL£Lure
for 1 %t heArr:rl:eactlo mlxturte w%s cool d J,n an ice bath
and 25@ }b}i welgh ) aqugous scgjlot{tolrcrae o)é sodlum y&y x:L%Je %.20 mL)}
was added orORiESs- AR VeMehRDY- tha - 8 Wy 4£B%oﬁ@?~‘ﬁ%ﬂ‘i’n was
extratited-witl0 tedukasykixs ati)d [B5056gardi35 layer was washed with
satura(@&i Aafaiue%u(st eblnbubxycauony aRiRe)ad- {1MPrATet Bud- 8he

rr oI | d| n 2 8
organyc P%Teog s‘(%l uor géi]r rre%?hggg% [H o thac]:ro 4“73"fo§<%r
flltr??ﬁémfn eth§ ééll%%? i ‘ﬁa%&ca‘cen&lrfiltﬁér BRI o Ji’rFE%Bre
to obiain GI85Srmdsl produmet tir atttey [famimnef 5af Camidd ndl0 -0, 63.

- MS (Hm| hnyeer exgh sgolmyed in sulfolane (1.5 nL), and . the

i Xture was stlrred in an oil bath at 35C for 142

ur The .r eact m Xt ure was concentr.ate and a
8 e, FPRk CReeroh T e £HER 58T e 10° {afar20-2
mmol) gral 3046dnE) - heEt thvterhyissrkengtenty - sere dddédmpgll. and
the rddigiconedstuateyasrgt irredraxt upemwagmsdtratnege: ifwraho 1Bours.

After AdiMRahly, ath806n i RInBGid¥ ReesedThe ABACLIIR iBnXUHAEY

reaucdELAURCELT BRI R S] BLEFEILE AR LS g0
columny (RrRRSRBATAPEY, (T w-es Hd&Bolis*eBe ut .%Wf a&eéiﬁte'aé.%fl -
5:4) YopEhHEin hafdrg(C0mMbers) &fd S&t that el reoweund as a

colorisaiauttransphrendi synmahlsabisdents0 nl). The organic | ayer
048 s 15 dried with anhydrous sodium sul fate, and after

1 iltrat ncent atdudr

H-NMR ééhéa}gﬂ{ e%&ﬂf’ég ‘ ghgg t(glgt eC?’vva‘fs p%rl flﬁeg 1 42 (98,
S'1§ﬁor S|F’ ca’ @ﬁur‘hﬁlc rSma oraz)iﬂ/}f@lugléﬁ 6§7H L, J
= 8.3 @zl)or 8f. 5F/m(1ﬁét hanel = £931Hz} , 092170 6HY tche Jr esPddeHfbs
2.92 dixssal ved=ig. s:cmr;)e,ner atied1bydgochl oré & apd)d @l@zni)H, ddd,

J = uAflte@ §t'ﬁr1r@z;t he, 28 sakut bgR, ay Lopm4 erper, a%uaeHipr

re |on m xture was washed with
- 94 @% 2 ?rr%c()SjgeBnJL @% To the aqueous |ayer was added
Ms (ESfp ﬁ‘éi/l HfuedirE) sol ut| on of sodi um hydroxide to pH 12
[0488]n an ice bath, and hydrochloric acid was added to

[Refe@%@sgxgﬁ@@wg]o 7.4. The solution was extracted with
(35, 455 UEQ r{‘BEQ{ [%ﬁgzgglc@rb)énﬁ"f)_l_amﬁﬂg) LQ—ef luoromethyl-3-

methylpyrrolidine
[0489]

BocHNkM%\ BocHN 2{19{ .
N

H

[o48

.;:.
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sulfate. After filtration, the filtrate was
concentrat ed under reduced pressure. The concentrate
was purified by recrystallization fromethanol, and
the crystals were dried undgp reduced pressure to
obtain 109 ng (3396) of the title conpound as a pale
yeIIOM/pomder 30[ 0507] np: 212-215C. 1H NWR (400 MHz,
IN NaOD)8 ppm 0.75-0.90 (211, m, 1.10-1.25 (211,
I049ﬁi 1.38 (311, s), 2.56-2.61 (111, m), 2.58 (311, s),
3T29%a (dd¢hudion) of 938, #2) ; 33{Eért}hﬁ&o@2¢arbq@ylamﬁﬁb$ ~4-

fluor%aghnﬁgés J%;c;g;lil}a (i§w1 % iglltﬂi?e 4685 g,
4.01 l% ncl (30 4 8a%t %al 4d éégbon
catalzrs‘énéﬁ?%‘%;w yai- 8%t BRteB0 '#éré-? ERS| gigRpngion was
stirréd. 37; a of FxthHFat9479¢ idr 1Q. AdurFoimdchyd3 ot 265 H,

atmosph8te. FAfReBO6retbvify Ahe chIG1VRC(BFRIVIL336n,3888,
£iltraPd4 agsgélcel&:l:%tegl&gtﬁ ety éép%’regéédge é&%talﬁf’%Bz mg
(quanéi§%%+e%7é¥f%%_ ruégltagéégaégaﬁ%unbOSOSL é£¥%§¥
transP@B?%B)SXFWBIﬂﬁ?ﬁé&?ﬁ%nyl-4-fluoronethyl-l-[(lR)-l-phen
[043Yy] ethyl]-2- yrrolidone [0509] "..1%hPh 10[ 0510]
IH-NMR (400 MHz, CDCl:)}8 ppm: 1.44 (9H, s), 1.47 (3H, s), 2.16-
2.30 (1H, wm), 2.85 (1H, d, J = 11.5 H=z), 3.01 (1H, dd, J = 11.3,
7.4 Hz), 3.20 (1H, 4d, J = 11.3, 8.6 Hz), 3.29 (1H, 4, J 11.8
Hz), 4.49-4.69 (2H, m), 4.98 (1H, s).
MS (ESI) m/z: 233 (M+H)".
[0482]
[Example 20]
7-[(358,48) -3-2amino-4-fluoromethyl-3-methylpyrrolidin-1-y1l]-6-
flucro-1-[(1R,28)-2-fluoro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

[0493]
. , 0 O
BocHNzgl_e{\F E COOBF, " F ' | COOH
+ 9 -~
) F y
H OMe i/p F - - OMe F-
, HN *

[0494]

{38,48) -3~ (tert-butoxycarbonylamino) -4 -fluoromethyl-3-
methylpyrrolidine (221 mg, 0.951 mmol), 6,7-difluoro-1-[(1R,28)~-2~
fluoro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid - difluorcboron complex {343 mg, 0.951 mmol)}, and
triethylamine (0.159 mL, 1.14 mmol) were dissolved in dimethyl
sulfoxide (3 mL), and stirred in an oil bath at 35°C for 18 hours.
After concentrating the reaction mixture, a mixed solution of
ethanol and water ({ethanol : water, 2:1} (40 wnl) and triethylamine
(1 ml:) were added to the concentrate, and the mixture was heated
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To a solution of

(48)-4-fluoronethyl-1-[ (1R)-1-phenyl ethyl]-

2-pyrrolidone (7.59 g, 34.3 mmol) and et hyl

chloroformate(3.92 nL, 41.2 mol) in tetrahydrofuran

(150 nmL), lithiumbistrimetgylsilyl amde (75.5 L,

75.5 mol, 1.0Msolution in tetrahydrofuran) was 15

added at 0C, and the m xture was stirred the sane

tenperature for 20 m nutes. Saturated aqueous sol ution
under gfe oM chPBES de Th2oBSAE T LR Relde® #§st Fencentrated
under reattdesn parexture. atThichecsaapttetperad Wisscanddt e ethyl

acetatB Xtihe mi@g X} I acd achan sIc:llthlBYl' wa§ e&@él@ec{ 28Q@nTh 0% 2dueous

The I rate
solutlsoori uot(fr %ﬁ@%‘g S%J?(ﬁ Y\%% rrﬁ% ? }9 ﬁ %&ﬁqlég.@g§ated
aqueoyq (30 IuFACEr ARty rﬁhshﬂrrlgtee Pt 'a% i FP&PF%M? HERYer
was dfidd ndtté wabydooiee moditued sudderer ednd e@ﬁtgﬁres‘-ét}rtérlaﬁdthe
residddie dresifdueryas ks i dde@otyasebi eadgel ranlasm pressure. The

concer?él’ra‘%@a%ggr aﬁ’géfo i@é&‘ SO RYcReXap8s  nfiiVdn1Reelakeiad(do

oftetltleco Qu
L) aagdihgaﬁ BTy Er PR S et A it e
minutegy T @ igpmnixtyge wap Vasfaei wrltél H}z'l)lor@ %m(@wo mL x
5), amdi td thd. dqtttlzc)us 2186 bes ddded 0 Ondl/16.aldpps solution
of soﬁu&ﬂh?d%éx{é@ tdpH &234_1'1( Lh-bcelbath = Ay@rbEhioBidIcid was

added %é)l%ﬁijhsg %He %}% )'7’ 45 édA' %%F@fﬂitmn w%sgé (:}gtéted with
cnlorofgidl 50t (S 1) - nyhe| 542) i ré’r‘?@edﬁigﬁp S

anhydno3R, 48¥igm Eswbiatcar ity afger| ﬁei%ﬁ@%m mtfﬁgfmrqt?(‘ias
concerRratedphedyt etditided® pppssakedorthe 35h@eh8katd3Was purified
by re ¥4h1ization Tordh %‘%ﬁlﬁhb@n 8hd the crystals were dried

ees ol B B B
comPOUélﬁdag Foﬂ%%%tif%]ﬁém’(? o¥deRt  39.6 nmmol) in

{0495f et rahydrofuran (170 nl), potassi um bistrinethylsilyl
mp : 1gmpl§9%ﬁ7 9 m_ 34 O mol, 0.5M solution in toluene)

H- MR iy D?S“%p(fnhe m é%%?ﬂwaé) Stied a4 (g, w),

511280 AT a&%&%@a&u o] PHLF tly |52 Hch A% ),

3.58 ﬁﬁmuﬁés 31®4'§at7@ra(t2éfd Q nedus> sb]r%'tlfon JoF anfroRElim 4- 00~

4.05 (¢H| om) de4 (2D0(I1.) Adds éddedﬂ@» the G.edctd &) mi 4t &pel.84

(15, mdndstbe Mt w e mascexbrael ed7wsd h{mt,hyd, acet ates (RN,
gh Xg2)y and 4 hgyorganic layer was washed with

8.42 (
ueous s f um chl oride (150 niL)
e L e B e A
Calcylatedt i Bn, 5¥h%8:flff:t rPatZ wis 13-ébncent¥-ated under
Founcnedlax;edspsessmlres znd B,ha3r.egi;dde 9a&4 purified by
TR (ATR glcés%@ 59‘75‘””1% Or&%tl%qf aphy , (ehysi ops by, hexaneipos,
1234 ? ﬁc 1) to obtain 7.91 g (91%) of
! e titre co ound as a pal e yellow oily substance.

[0496] 0515] 20 1H- NVR (400 MHz, CDC13)5 ppm 1.10 (3H, t, J
[Exampe722] Hz), 1.50 (3H, s), 1.57 (3H, dd, J =7.1, 2.4
7- [ {3sHL$) Qvlﬁfﬁlrﬁ)—@of(lllHromsth?l89—rﬁéﬂ'ﬂ1yltpyrlo§1915 F_'El)fl] 3135

cyclop%%%l déddf 1‘11,0,1:09 84meZh8X } (32(: mmllne 3- 37
W4 ”y ) X - 7.
carboxykic¢ ggid|o516] 25 [Reference Exan'pl e 78]

[0497] 3R, 45) - 4- Fl uor onet hy1- 3- net hyl- 2- oxo- 1-[ (1R) - 1- phenyl
ethyl]- pyrrolidine-3-carboxylic acid
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[0517] [0518] 138 To a solution of

(3R, 48) - 3- et hoxycar bony1-4-f| uor onet hy1- 3-

nmet hyl- 1-[ (1R) - 1- phenyl et hyl] - 2- pyrrol i done (1.05 g,

3.42 mmol ) in ethanol (20 ni), 10 npl/1 aqueous

sol ution of sodiumhydroxig® (3.42 ni, 34.2 mmol) was

added dropwise in an ice bath, and the 5 m xture was

stirred for 30 mnutes. Water (20 nL) was added to the

reaction mxture in an ice bath, and the aqueous

sol ution was masggd with diethylether (50 nL). To the

gueous | ayer was? added concentrated hydrochlo I C d

BDcH@ Mg P to B in ,@®Bath, and the sol (tj6n Bk

extnact gd wi { hlnrofOLnLLEXIJn_,x 3). rgani c

| ajer was Vashed Wi th saturated aqu ol g n of

sodi um chl ori d¥e(/60 nl), and dried Rni t anh? P

sodi um sul f at e. ter filtration, th59¥|ltrate mas

concentrat ed under reduced pressure. The concentrate
[04984@S azeotroplcally di stilled by adding toluene (20

red ced ressur obta
géﬁfg%@@ ofkigtﬁﬁé ﬁﬁﬁﬁg ATl sféggﬁ ¥%O|Iy
methyléuﬁafto&ﬁééne[ 06495 M+ PQI\/I-‘(*U(O4W°N7’P-IZ 1&&%@% 7=
difludrbI—heBhoffil, 4rr13,11y2ir‘.5:()~4206:bq@11hb1m)@ B-@Rkokylicddeid -
di fluorcbokdndcodpfekZ)es F 4% ,( blhoodtimod) = dfd Tribthyllamine

(0 033%5&4_. 4 59%8 QSIvseﬁce %1%%?& %mﬁldfmftggg%'sﬁf&l&e%o 5

EFWbﬁéﬁeﬁéétEﬁ%dﬁ¥% Sfgfrred in an oi hisec for 10

' hours( 3RENEY - r{aviratdngx yhar bonwyieen royiized gefBhienyal 3-

ethandmtalm)dl whter| (elﬁiarﬂo]phem:yaltetrhyb] pyr (2 irgl)ne@bt@52thylanine
35%%he50t9 ﬂH&ﬂ@iate, and the mlxture was heated

under €¥ %u$é$%§{r¥%e r%?é%%ne%g_ wgg concentrated
- carp |d

under (rwewﬁa Pgea%)ulfﬁmwynda eUFBREAYE pROSpROTLVER g8 ethyl
acetat(e).(806milx B) 74mhdile iselugioandas 2omihed tritét APFagtmecus
soluti(d® 948citrif. 8idmE) meas added, (amd s I Mmaxikusetwasted
aqueodﬂ”sbﬁﬁglbﬂ &0 Qidihatdhiat-1510¢shohn )L, hawe. ofBgnic 1ayer was
dried anﬁs gyg%é%%[éé d% %% %e@tragg ékgolve %C%Qs removed
by distillation under reduced pressure. The residue was dissolved
in concentrated hydrochloric acid (5 mL) in an ice bath, and the
solution was stirred at room temperature for 30 minutes. The
reaction mixture was washed with chloroform (100 ml x 5}, and to
the aqueous layer was added 10 mol/l agueous solution of sodium
hydroxide to pH 12 in an ice bath, and the hydrochloric acid was
added to adjust the pH to 7.4. The solution was extracted with
chloroform (160 mL x 3), and the organic layer was dried with
anhydrous sodium sulfate, and after filtration, the filtrate was
concentrated under reduced pressure. The concentrate was purified
by recrystallization from ethanol, and the crystals were dried
under reduced pressure to obtain 42.6 mg (52%) of the title
compound as a white powder.

[0499]
mp: 226-229°C. _
l4-NMR (400 MHz, 0.1N NaOD)§ ppm: 0.82-0.90 (1H, m), 0.98-1.11 (2H,
m), 1.14-1.22 {1H, m), 1.39 (3H, s), 2.47-2.60 (1H, m), 3.44 (1H, .
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35 the crude product in the formof an isocyanate.
139 Ms (FBlI) mz: 277 (MtH) + [ 0523] The crude product
inin 1,4-dioxane (5 nmL), and 6 hydrochloric acid (2.5
m.) the formof an isocyanate was dissolved water (2.5
m.) and concentrated were ggided to this solution in an
ice bath. After stirring the mxture at room
tenperature for 13 hours, water (10 nL) was added to
the reaction m xture, and the m xture was washed wth
d, J di e Hy1Hxher -850 (BH) . s)To IS ddBeods: | dyerlhel Zddedz) -
3.78 (8Hnud/ U7 aq@eculzsol 4tdort Gfl Sadh, um hydr ox+4e88 ol 28 &),

7.65 toa 103,10 i2n1anal Q%) baé hgg angs,t ke sol ution was
Elemeﬁﬁ%?%%%qY\glghfgg al ﬁ L3 leO m. x 3). The organic

{rat ed aqueous sol ution of

Cal‘%ﬂﬁ &R cHfori%te (1@‘@ Fn‘_ 25 ghd Hri3%d N tR - dhhydr ous

Fourglodi @m 381 St &1, Af-76r Ft I 2r3adi dh, thé>filtrate was
IR (AEONCENtsey edkimndergyedueed pregsir e 12 ohkabn 1Hes, 1439,

r uc t or f Ne m ne (470 ny
o7 TR BT e R e 1o

54 (3H, d, J-71Hz) 229242(1H m, 2.82 (1H,
[Examsa?cﬁ 221= 10.3, 4.4 Hz), 3.35 (111, dd, J = 10.1, 7.4
- [{(34H2)5) 4-3Rido62- f Dibranet Hyl4 B -ekhytpydrel iHih-Hzy1] -6 -
fluorozol?- Z6R! 287 - § 5t uo- Mo cEobr ol ] - 5deti¥aI! 4 -k9BRE 04 -
oxogu% L SIIISRERGET ¢ LA Torm of amamne (470 .
in toluene (10 nL), and a
[0501dg) ut i on of 65% (by 25 weight) solution of sodium
bi s(2- met hoxyet hoxy) al um num hydride in toluene (2.25
m., 7.52 nmol) in toluene (2 nL) was added- dropvvl se in
BocHNl&}nem nutes i ice bath so that the jnner§

Fat ufe »6008Exceed 50C, and Q«I xtaF e was
t| red at @] nper ature -f or 10 'ﬂ
r&acti on M xfur

was cooled in a ejbafh, }30 and 25%
(By weight) Yeulofis sol ution of sodifum hydrdwl de (5
m_) was added dropwi se. After quenéhing the sol ution,
foso2fhe soI ut| on was eétragt ed \r/:/lthhtOl uene (40 nL). The
an s.drie th, an ro sodlu ul f te
3%% g%enlrtc utfécycar%ﬁo%}daral%d)t hty Sfllll.lo 131 !L
methyl@wra@ed%té%&.marrét Pénmmphk. 61 T 1 el Uige- és“lR 28) -2-
fluorcedncgnl optemy Lindematégic éd4 piekydre- 4 -exmiohdnelihe-3-
carbox§lideapi @ducdi f uddtdobk-ehntehp 2éx a@NE (A 92 .8Y) mmol) , and

triethylamine (0.447 mL, 3.20 mmol) was dissolved in sulfolane (5

tl

mL) , and the mixture was stirred in an oil bath at 35°C for 166
hours. After concentrating the reaction mixture, a mixed solution
of ethanol and water (ethanol : water, 2:1} (80 mL} and
triethylamine (1 mL} were added to the concentrate, and the

. mixture was stirred in an oil bath at 90°C for 30 minutes. ‘The

reaction mixture was concentrated under reduced pressure, and the
concentrate was dissolved in ethyl acetate (200 mL x 2), and

washed with 10% agueous solution of citric acid (100 wmL}, watex
(100m x 3), and saturated aqueous solution of sodium chloride (100
mlL) . The organic layer was dried with anhydrous sodium sulfate,

and the solvent was removed by distillation under reduced pressure.
The residue was purified by short silica gel column chromatography
(elugion by chloroform : methanol, 49:1 — 9:1). The residue was
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M5 (EST) mz: 237 (M+H)+ [ 0526] To the
crude product in the formof an amne (490 ny, 1.88 40
nmol ) was added di-tert-butyl dicarbonate (451 ng,
2.07 mmol ), and 140 the reaction m xture was stirred
at room tenperature for 174gaours. After concentrating
the reaction m xture under reduced pressure, the
residue was purified by silica gel columm

chromat ogr aphy (el usi on by hexane : ethgl acet at e,

dissoleeq in GMENEEabBYafy U iRy 105 26t dpd2038h) B Pheice bath,
and the thiectoorpeaadsasreed dtoroess tenpaspaentiay B@pninutes,

and wSshsd aned. ch062d4odit N3 40& M—Iz H*DEh3) Bghpohs l1Bfer was

added (Zf%}n iLléqueaQu% %%ut;%)nd'?;f(% :ﬁ)h%c%r cfe3'i'ao 34 32 in an
ice bathy ﬁgﬂ fdg'@c%ll‘iﬁlc c?mji vag, 5 uftTF E to 7-4.
The sq@utxymzaaelaatr@pteﬂ:WM;hGCthrOﬂonm (hﬁ¢ da 4 ,=and the
organiy. l%qfeQ' 4as6ddidlt )with GRAnhfatdus ddodivin slEade 9. At 2
flltré—il.zn)on iai: 8 fitkre Jasz%oacégt(’éﬂad Mnaddd I(e%gcédn'b%essure,
and ¢ ﬁe%’§?“§ i 8 SR P grem o

The C%W|spypgg|¢@% qrg%gg}re GCFQSBBTSSUIE to ob&aén .7 mg
(9%) Dl chtdeé ¢IRARA 3s( Bephlbuyokiwardomerani no) - 4-

{0503ﬁluoronethy1 3-nethyl-1-[ (1R) - 1- phenyl ethyl ] pyrrolidin
in ethanol (10 nL) was added

I gg 0. 743 mol )
i ?6 affgdlun}carbon 25 catal yst (containing 52.
- NMRAAE D M50 g NARE) B PSS beher i e it [red B 43 S

.55-15i66 HaHh @t 4&)@3 or3HL. §)hodr 8314 $¥/ dridhem)gad -20 (1H, 4, J
9.8 atzysphepe(1Hf tter  enmovizngzi hes cat al yst thy Jf El 8r atisn,
.78 (uke bl tfrallgsngs ﬁgﬂﬁ%m“at g4 m&igrdﬂ ed:ur::e@ Bl esSuIgs)

0 in cr un

=70 (H% ngress transé&?edt 3 upgsggs?an (f?ngg }% 81 (s,
d, J —1ﬁ7Nﬁ/F$*%hoo7|\ﬁ?z (1pcHs) 8 ‘i Ba) ( Fric dypH 979 = 3.2
Hz). (311, s), 2.16- 2.30 (111 n) 2.85 (111, d J =11.5
Elemendayy 3n8lyd4ild forddy, ul.mNid, 8. 7884 :Hz), 3.20 (1H, dd, J

Calculééa§ 8, 65E230; 3129 (b nd, 9394 11.8 35Hz),

round: 4%, 45895621, My, 4N98 HAKEIAE
IR (ATR)v: 2968, 2873, 1718, 1614, 1508, 1462, 1431, 1396, 1358,
1319, 1282, 1163, 1128, 1101 cm?! '

[0504]
[Example 23]
7-[(38,48) -3-Amino-4-fluoromethyl-3-methylpyrrelidin-1-yvlj-1-
cyclopropyvl-6-fluoro-8-methyl-1,4-dihydro-4-oxoquinocline-3-
carboxylic acid

l_'l

nswu

[0505]
0
BocHN Me COOBF, F COOH
|
N N
Fo) Mo Z&

[0506]
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141 M5 (ESI) mz: 233 (MtH)+. [0532] [Exanple 24]
7-1( 3R, 4R) - 3- Am no- 4-f luor onet hyl- 3- net hyl pyrrolidin-1
-yl1l1L6L 5 '

fluoro-1-[ (1R, 2B)-2-fluoro-I-cycl opropyl]-8-net hoxy-1,
4- di hydr o- 4- oxoqui nol i ne-fscar boxylic aci d.[ 0533]

10[ 0534]
(3R 4R) - 3-(tert-but oxycar bonyl am no) - 4-fl uoromet hy1l- 3-
met hyl pyrrolidine (169 , 0.728 nnDI)

6{¥8 gt JorlseTt FreRowgjarhonylamino) - Zfluoromethyl-3-
methylbyoratidioec(apsopyl] t B2avetivdly- 1 - 4y di iyt U0 XegdiEAnoro-
g-methiDer - daaﬁ;a%yh L6x ﬂnalldief lauerebekane: G ex (268

dlfluggol'lx%‘on 20 3:?59 tgd @kﬁ.@‘lﬂﬁér@d%ﬁé@ﬂ §aL

ol ved
(0. 143701 Her 0o BPL brveaS %%%Sﬂlé’&di KnaRubtelang h(]ats §5¢0 £ gpd
the miltcinorings Atteredoiment ratl hgthhetr 25%t ifor ARRt beersa The
react Do afli :8@lvdt 8B ebnedhantledgndndat enited haslalt Lonwatfeethanol

and W ) éﬁ ((e%%a%i an‘g ﬁéf egélﬁ.damé mg_.:)‘- Q?T& ﬂﬁ@:}@q@.%neamg ml:)

eate | ux for

were ggfad’ t@o%%sn?%??%rﬁ% e
oil baltessurdd Ctiexr rdsimimategs dilssclepedipn BiRyRracEat e
concerftlifted uddy aeduvesd hedssiute , 18%lague owss ishileutiagndodfsolved
in et} ldcetaekd ({d0ni x )a) Waher whdQ0m wid W%da‘q%b@hat ed
solut%%%oéi%l%ﬁlheté&{‘d g5 ) U%%'E%gf g d;éloﬂ - shrated

ayer Was s sodi um
aqueoy, 4t LOANRE ATLY (AL SN (CPHELT | | APat SPYRRLS laver was

dried ggtde anbatodus ntediye dydddt e e384 af tohf idGwesApRat Bhe
filtranas wiiss gohyenlt tar ebnoehtr abddcbydpoeddwnred.c e dedridentrate

was plfg‘ﬂ)f Jleﬁ 80 LeSrPadinian ?etlh eofinth Uél@r&@tcﬁr’aﬁ:&?‘j (@lusion by

RO R IR PRI O OG I (4] Lo T © 3@5&&& e, BpS issoivea in

conce%@é&dlby%o%h%lcaqvééuélgomr rs§a- mwdfrfb%u de
solutitan pi t2ohntempdxsd et Horadd himwioehl ditisc rgecl inasmixture

was wadli@ed wiehadh Listofidien pHHot a1 7x45) Thacssahet agicdds layer was
added Ppt H@Q?@da&\&é&émcﬁf& %El”bélégdf‘&m th?d)roz)%g@uﬁ:agul 252 in an
tce pafiSl LSl el lh salueras sedium stbgele s
The sqlyddEBIYRT cBSHASEIE Wikl FRACEDHRENL 1ol “\%aé‘ Blir i ‘F’F‘édthe
organily legerysialdiizat vorkhf pohyéttranotodium Z2ulfeter y Afdlesr
filtraW@oe , dEhedf Undeltd QfCesnpELsHMt &l M deBuddf pPBessure.
The ¢ & El@: Qéetx&% tﬂ&rli%i%ﬁn.ﬂQuEgcﬁs@aﬂﬁ!z%tﬁ%l QWoﬂoggﬁénol,
and th r?itals were dried under reduced pressure to obtain 109
mg (33%) of the title compound as a pale yellow powder.

[0507]
mp: 212-215°C.
H-NMR (400 MHz, 0.1N NaOD)8& ppm: 0.75-0.90 {(2H, m), 1.10-1.25 (2H,
m), 1.38 {34, s}, 2.56-2.61 {(1H, m), 2.58 (3H, s), 3.28% (iH, d, J
= 9.6 Hz), 3.53-3.63 (2H, m), 3.64 {(1H, dd, T = 2.8, 2.7 Hz},
4.10-4.17 {1H, m), 4.68 (1H, ddd, J = 34.7, 10.2, 5.3 Hz}, 4.80-
4.82 (1H, m), 7.67 (1H, d, J = 14.0 Hz), 8.57 (1H, s).
Elementary analysis for CygHzaFaNi0s:

Calculated: C, 61.37; H, 5.92; F, 9.71; N, 10.74.

Found: -C, €1.26; H, 5.%91; F, 92.86; N, 10.72.
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mp: 185-188C. 51H NVR (400 MHz, 0. 1N NaOD)5 ppm 1.38
(3H, s), 1.50-1.62 (1H, m, 1.61-1.70 (1H m,
2.45-2.58 (1H, m, 3.39 (1H d, J = 10.5 Hz), 3.59
(3H, s), 3.70 (1H, t, J = 9.3 Hz), 3.75-3.84 (2H, m,
4.02- 4.09 (1H, m, 4.70 (8¢ ddd, J = 40.7, 9.6, 6.1
Hz), 4.78-4.81 (1H, m, 4.94 (1H, ddd, J = 56.6, 9.1,
6.1 Hz), 7.67 (1H d, J = 14.7 10Hz), 8.48 (1H, s).
El enentary anal ysis for C2DH22F3N3041H20: Cal cul at ed:
IR {ATR) B4, 3361H 3BBUG6,2974,12888; N1D, 45 IouAdL5C, 13a8 20458,
1431, H3%8 52315, 12285; 1N\38,8.19%.1,] R1I0ATBhV.. 2970, 2868,
[osody’24, 1616, 1574, 1512, 1437, 1390, 1354, 151317,

[Refe%%?%t%%ﬁ%&tlggi, 1142 cm 1. [0536] [Reference Exanple

(38,4 < EL T (3R) -1-phenylethyl] -2~

pyrrobidand et hyl | pyrrol i di ne-3-carboxyl ate (isoner A)
[05090[ 0537] 01 , MeF Me Ph [0538] To a solution of
tert-butyl (38)-3-nmethyl-5-ox0-1-[(1R)-1- 25
' phenyl et hyl ] - pyrroli di ne-3-carboxylate (6.83 g, 22.5
' npots in tetrahydF an~@35 nL), lithium
’J\Estri met hyl si |yl amige\(27.0 nL, 27.0 mol, I.0M
0 olution rmte&trah ran) was added at OC, and the
I Xxture was stirred aglthe sanme tenperature for 15
nthut es. To the react o mi xture,
N-f | uor obenzenesul foneimde (13.3 g, 42.2 30 mmol ) was
[0510]4ded at the same tenperature, and the m xture was
9 gr eglebion Moulds) -Safdparenetyrecus! &) ufrpheaylethyl] -
2 -pyrmaimianem(thtordg des 4.30aGmrl) nasd acdsded did drvogoreate{®e2 mL,
41.2 WHolhULR, t@PEakPe-dJH LW §1%8SmEX! I BctiedimVisi Bt A¥thylsilyl
amide .%E%tS%(Sgg g%m%ﬂ?)l.gﬂe 8?%@?&& L?ﬁ%%ﬁ%@%@%%ﬁ?ggn) was

th satlrated aqueous sol'utron of 'S oride
added @0@°HL)anchrtded PEEGURR t FRRArHY dI6Ts tH6dPaRe stFmRRmAture for

20 minpfteer S2f3irated aqueous solution of ammonium chloride (200
ml:} was added to the reaction mixture at the same temperature, and
the mixture was extracted with ethyl acetate (200 mL x 2). The
organic layer was washed with saturated aqueous socolution of sodium

chloride (100 ml), and dried with anhydrous sodium sulfate. After

filtration, the filtrate was concentrated under reduced pressure,
and the residue was purified by silica gel column chromatography
felusion by hexane : ethyl acetate, 5:1 — 2:3) to obtain 8.50 g
(85%) of the title compound as a pale yellow oily substance.

fc511]
'H-NMR (400 MHz, CDC13)8 ppm: 1.33 (3H, t, J = 7.2 Hz), 1.56 (3H,
d, J =7.4 Hz), 2.80 (1H, 44, J = 2.8, 6.1 Hz), 2.94-3.11 (1lH, m),
3.34 (14, 4@, J = 7.1 Hz), 3.53 (1H, t, J = 9.1 Hz), 4.23-4.31 (3H,
m), 4.37 (18, dd, J = 5.6, 2.7 Hz}, 5.49 (iH, gq, J = 7.1 Hz},
7.26-7.37 (5H, m).

[0512]

[Reference Example 77]

{3R,4S) -3-Ethoxycarbonyl-4-fluoromethyl-3-methyl-1-[(1R)-1-
phenylethyl] -2-pyvrrolidone

[0513]
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the filtration, the filtrate was concentrated under
reduced pressure, and the residue was purified by
silica gel colum chromatography (elusion by hexane :
ethyl acetate, 5:1 -* 2:3) to obtain 5.80 g (80% of
the title conmpound (isoner1®y) as a white 5 solid. _
[0539] 41-NWR (400 MHz, CDC13)8 ppm 1.35 (311, d, J =
2.9 Hz), 1.37 (9H, s), 1.56 (3H, d, J = 7.1 Hz), 3.10
(1H, dd, J =10.2, 1.1 Hz), 3.17 (1H, d, J = 10.3 Hz),
EB023 (11 d, J51.7 Hz)oocSMéc.L 1H, g, 10J = 7.1 Hz),

7. 2b= 9 (511, m. M ( z: 322 (MrH) +. [ 0540]

[ ence Exanpla- 82] o

tert ButyI_J 251: 4-f uoro met hyl -5- oxo-1-[ (1R) - 1- phen
yl ]- 15 pyrrolidi ne(}? pgar boxyl ate (i somer B)

[0541] FMe cy. kFMe crk 1)LNPh"et...ph [0542] 20To a
[0514lol ution of tert-butyl (3S)-4-fluoro-3-nethyl-5-o0xo-1-

[“.('cl@ sblmllteeyil ef hydi - pyr+vldttiorgec3rbanpbxaH Al rosenskyl-1-
[(1R) A( Wethd 1§>~ P:réflcic%t.er %Y%OBUVQQ imncma) and

di.1_.S0 8
iodongifiqliq "4% a5 3( R TR A A
potasghgn rﬁ%&tﬁﬂé‘eﬁéglﬂ Y epigle tled - Same- t%’i‘rp%r“é‘tq}f'e 0.6t 25
solutidm MmicAsend) whe sadml tanpasét urand e diixters -lad yl
stirréfenolcne( %aaz sem;glérétmmlf)orv\@@ addedet 0 tiAe1Eegeii©ing,

m_xt.ur.e, ra.ture was grady d)ilgﬁr

the tem %ra ulrrer was r éu lnc§§taurat e eo & 30 ?I?L?L‘de
Sat“r%‘“fecjarﬁ%‘mob‘ﬁu gﬂi‘éﬂ% qé@@lﬁw&}%g BEPe “("hS‘L51 was added
to the amgadtdennimiktvee, anf tthe Mixture vas @kitrraa‘éteé?dwwf:hhethyl
acetated hjdoo3@iraget pf eaf@ Othearlorgad)ic Thgeodrganivadhadewinbs
saturdashedusll seivf Bhedagueeun satytian ofseedhuahg dried

with éHHgHHaﬁ% %%8 ?ﬂ¥%?% a%adrh?%%%“#f}éyggﬂ%k%%igéogiiggate was

I on

concendgatssk FRHEH ﬁ%‘&‘é‘?éc} SHFEEY<Fr e88Yr BR® e was purified
by sildiorc aetlr apéuMScmmdﬁcaan}rsu(Eil@aug@lb:c&aaqme : ethyl
acetat@)r gmat ography delbuskhon hyshexane ) 3F ehBytiaretadmound

as a palk yelgog)oleogﬁﬁﬁﬂhﬂée32 g (GO Of the title 144
onpound (isoner B having a polarlty hi gher than

[0515ﬁsomsr A) as a white solid. 1. g (40% of isomer
"H-NMRy44 08| 1§87 ¢ é“é&le?écppq%;s]wl@wa& NHZ, Hebcﬂs)%o (3H,
s), 1.pPm(3H.38d4(121%,7s);, A.5HA3H2.45-2.607(1H, m), 2.892 (1H, t,
J = 9.5 Hz), 3.35 (1H, 44, J = 9.4, 7.9 Hz), 4.00-4.15 (2H, m},
4.20-4.45 (2H, m), 5.56 (1H, g, J = 7.3 Hz), 7.26-7.37 (5H, m).

f0516]

[Reference Example 781
(3R, 48} -4-Fluorcmethyl -3 ~methyl-2-oxo-1- [ (1R) -1-phenylethyl] -
pyvrrolidine-3-carboxylic acid

[0517]

[0518]
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5Hz), 2.97 (1H, d, J = 10.5 Hz), 3.52 (1H, d, J = 10.3
Hz), 4.68 (1H, d, J = 51.7 Hz), 5.49 (111, q, J = 7.1
Hz), 7.26-7.39 (511, m). MS (EST) miz: 322 (MHH)+.

[0544] [ Reference Exanple 83] 10 tert-Butyl

(35)-4-fluoro-3-nethyl-1-[ (4 - 1- phenyl et hy1] -

pyrrolidine-3-car boxyl ate (isoner A) [0545]

FMel orkFMe ), (Drk O ' Pithe")NPh 15[ 0546] To a

solution of tert-butyl SBS) 4-fl uoro-3-net hyl-5-oxo-1-

[ CORR- 30 PHekn étfh)lf}?u B51 1 Bt F T BIERNBOR T Bt e qEEARE -3 -
methyA)1€2.(58) ¢ -1hd0F lmmbly) ] i A-petrahydimef Ulan5(80 32 wal) in
ethan®ddedo 1M spldd1i/an aghe b %@.dtrlcﬁlebrfagbédi@rﬁ Uigiyoxide

2 I a at. m #
o8 ol ) ipedipclandP gh I bty da iR
mixturg wes oft Hisad fornds B E’é‘?ﬁraf"@&eﬁn &Y ‘? dl}‘@é"da ded to the
reactppreswixeurarid wat dce( banh) awd dsolkauesual $olulpipn was
washelll wetRyd poima eedefl )(sverne) addedthe aguéeses Dahfer aad added
conceki?agéét é%d@ﬁioggétSglﬁng§g;%;¥lt%x3f95 dnSi BOWSn, and

R N

an ure
organjgslaxe¥ s damied YhEBr SROIATEROMECRS 2501 qtHen of sodium

. chloroddgabie niadyermndasiriadhedtnidrihysxbusatediaguaouste. After

Filtr8Pish | Ohefr i9@daEE ¢k OEbhle{thAR el hindandr&iies Wil sure .
The c?ﬁ?% &§E5ﬁ§¥ QEEEE%EQ%S%F{§t s fﬂggﬁagyogddf toluege (20

e Wwas. concen er re press

nL), $R Corbrrrite TRAYCS0 BRTTIE By COFRLEA Gl Mol T

the tchl@rmrmlmsihyw( el gsienlens mﬁé{néubS‘é{iﬂW acet at e,
[051dPR:1 -* 2:1) to obtain 2.15 g (87% of the title

1H-NME O 'M%IIZ(, 008! SA)pp?nS a 09_4.0{'6‘3155(6@1 | Yoy 5“55%905861 (1H, m),
4 400 3
oy gy SN g o g B
4.34-4.5% (FH1Mg) 5 294& 1(111% D Hzg, I—E)142763§ (ﬂIl m) .
MS ESIMGnAik, 388 $4+1)°.11.9 Hz) 2. 96 (1H, dg, J = 31.0,

[052@. 7 Hz), 3.06 (1H, d, J 8.8 Hz), 3.32 (111, q, J =

[Refeﬁ%éﬁéﬂﬁxa %27§fH dd =55.2, 4.9 Hz), 7.14-7.31
{3R, 411(:) —'_J’;;,‘mer(; ul Qxyz):@,rr%omy]?amln%wl_b -flug{‘gréét?llyl[ %e rt%
[{1R) Tb@h al i [ (1R) - 1- phenyl et hyl | pyrrol i di

[o52%ie- 3- car boxyl ate (i soner B)

HOQC, Me S~F BocHN, Me ~F
0 N — N
)\Ph )\Ph
[0522]

To a solution of (3R,48)-4-fluoromethyl-3-methyl-2-oxo-1-
[{1R) -1-phenylethyl] -pyrrolidine-3-carboxylic acid (950 mg, 3.40
mmol) and diphenylphosphoryl azide (0.806 mL, 3.74 mmol) in
toluene (20mL), triethylamine (0.948 miL, 6.80 mmol) was added, and
the mixture was stirred in an oil bath at 110°C for 1 hour. The
reaction mixture was concentrated under reduced pressure to obtain
the crude product in the form of an isocyanate.
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[0549] 10 FMe O eel, Phl1l) NPh [ 0550] To a
solution of tert-butyl (35)-4-fluoro-3-nethyl-5-o0xo0-1-
[ (1R) - 1- phenyl et hyl ] - pyrrol i di ne- 3-car boxyl ate (i soner
B) (1.64 g, 15 5.10 mmol) in tetrahydrofuran (30 ni),
1. 01M sol ution of borane img9etrahydrofuran (16.7 L,
16.9 mol ) was added in an ice bath, and the m xture
was stirred at roomtenperature for 15 hours. After
concentrating the reaction m xture under reduced
MS (ESdésBUFe, Afdt éM+Eb+nl), ethanol (45 nl,), and
fos2Bliethylamine (2 nL) were added in an 20 i ce bath, and

t PRe NEXG4E reRmcReahedndNEeFm r&d dnU&sE@&aﬁaﬁbfW&Hfﬁlssolved
in 1,480 a%xgag%%ﬁt' 28 tg}rg é§a§ @3@31 S %ogagﬁfrg@éﬂawed
i i

essure m xture
hydrophloBkEr 4thd 2t FLAPEFS! STHG 200 L Sy Scafie 10 an ice

bath.orifirew dtdyeingatheasiething @ sacur aevpemfussudor 13 hours,
waterSQLuthon wis sediedmeehtpei :d@acﬂﬂ:ﬂﬁl mikruaad dhdethmixture
was we ﬂ@? P s i ?@ghﬂgksvgé A&Eeﬁh&hﬁqﬁédd§7¥é&gﬁ was
dd d § ate was cgoncentrat derh uce PLESSUTEL. o 10
adsedydfl b/ SRS PaP RESBurH (T By PEEE PROBETS GO (s
in anch%rmtayr 5Ky thel aelehiey maﬂaféra%ﬁﬁym%ewt%ofom
(100 @R:# 2F. 2Thy bogabiaileykdyag (BORGdorithesativraged aqueous
solut EORAPSE rwbdl'd&p B 0B} 3aS (B0 GhiOr | e Qirli ¥dSHDSH aagdrous
sodiu Oé f ?%@&cf#¥¥#Q%%£ECD@£%)§ fggé%étwig %? @ngggted
undergﬁg@p %QEREE Eu@ekﬁ O%%ﬁﬁ% éhp_c3§$e2pr2dgc form of
an amiZHQQi'?r??QSZﬂQ( 511, nm). 146 Ms (ESI) mz: 308 (I\/H-H) 4"
{0524D552] [ Ref erence Exanpl e 851 tert- Butyl
m%B@orolgﬁ@wb@ 82 mnxli %sf'(%gro-F g/? NE Ir@hl g ned g
Hz), d%%i?'ﬁ%fq ru |on ggitégf h E Iﬁ? 3.35 (1H,
ad, 3(35)0 a4 I Tick $e3 e Ry 14197 (F6Y (1H, g, J = 7.0 Hz),

7.26-7.37 (5H, m).
MS (ESI) m/z: 251 (M+H)'.
[0525] :
The crude product in the form of an amine (470 mg, 1.88
mmol) was dissolved in toluene (10 mb), and a solution of 65% (by
weight) solution of sodium bis(2—methoxYethoxy)aluminum hydride in
toluene (2.25 mL, 7.52 mmol) in toluene (2 mL) was added dropwise
in 15 minutes in an ice bath sc that the inner temperature does
not exceed 50°C, and the mixture was stirred at room temperature
for 10 minutes. The reaction mixture was cocled in an ice bath,
and 25% (by weight) aqueous soclution of sodium hydroxide (5 mL)
was added dropwise. After quenching the solution, the solution was
extracted with toluene (40 mL}. The organic layer was dried with
anhydrous sodium sulfate, and the organic layer was dried with
anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure to obtain the crude product in
the form of an amine (4%0 mg) .
MS (ESI) wm/z: 237 (M+H)+

[0526]
To the crude product in the form of an amine (490 mg, 1.88

mmol) was added di-tert-butyl dicarbonate (451 mg, 2.07 mmol), and
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1- phenyl et hyl] - pyrrol i di ne- 3-carboxyl ate (isomer A)

(2.15 g, 6.99 mmol) in dichloronethane (40 nli),

benzyl oxycar bonyl chloride (1.50 m., 10.5 mmol) was

added, and the m xture was stirred in an oil bath at

60C for 20 hours. After cqagentrating the reaction 15

m xt ure under reduced pressure, the concentrate was

purified by silica gel colum chromatography (el usion

by hexane : ethyl acetate, 12:1 -* 2:1) to obtain 1.81
the regctipmy mpRteme Yag |Sé1@6@ﬁ?oaﬁdr@?@owp%a%8afor 17 hours.
After cohgehesstimng yristibstaanden @565} e 2nddt Nduc4G0pkkigure,

the resEhd) §a8 rﬂfﬁgﬁ Liidéa ef Ebfhmﬁzéhﬂdﬁhto§r dphy

(elusﬁé 1%y39r %11 %ﬁp&.%%ﬁ§%§?1119d%7 05 li-ge t $2?4 mg
(5 Ste@5143(32110 e ttgeg cappousdias (4 GOLGFlepaL cEanEPRLdnt

syrup BuR6LIne8. (511, m. [0556] 25 [Reference Exanpl e 86]
fosa7tert - Butyl

1H- NMR(gn?é @H 3E ny} 3 L.ﬁ’ %O t?y k 0|1d441€(?9H
t 5 0
s, 1l.g % On gf e%cg‘?’r]t { ? T4 ro%éh thglé% i%}i‘R)
= 8.4 ¥zpheRybdt WA Sy GI ?d n@z « CArbodH ézﬁsoﬁér '

J =(&.B5Hg) , 5 O niiml,) did, dUChI 6F aietshane &.30HAL) ,4.62 (1H,

ddd abenzyl pxysas banyl wehl oui de (w085 nl.222.7260miBk) MRS
MS (Esggcﬁ? a9%7tQﬁ fgixture was stirred in an oil bath at

hours’ 'After concentrating the reaction
[0528 h]xture under reduced pressure, the residue was
[Referppeef Exaiubye HAli ca gel col unm chr onat ogr aphy (el usi on
(3R, 4RbY 3 héxane- ButetdyvhrboatabreindD: 4- FEPruckchethglebtai n 1. 38

methyv18vE8do8d:f the title conpound (isoner B) as 10 a
ﬁ%@c—m—gfmuy substance. [0559] 1H NVR (400 M-z,
13)5 ppm 1.24 (311, s), 1.47 (9H, s), 3.49 (1H
dd, J = 26.9, 11.0 Hz), 3.60-3.80 (21-1, m, 3.90 (1H

dd, J =11.0, 3.7 Hz), 4.90 (111, dd, 3= 51.8, 2.9
B°'='ﬂz)“"e 5-34 (2118ogHM, Me 5 16.6, 1511.7 Hz), 7.22-7.38
(5 m. Ms (EST) #<" 360 (M+Na)+. [0560] [Reference
| e 871> @5
enzyl oxycar bonyI¥ 4- f I uor o- 3- net hyl pyrrol i di ne-, 3 ca
ox?hlc 20 acid (i dbner A

[0530}

To a solution of (3R,4R)-3- (tert-butoxycarbonylamino) -4-
fluoromethyl-3-methyl-1-[ (1R)-1l-phenylethyl]lpyrrolidine (250 mg,
0.743 mmol) in ethanol (10 mL} was added 10% palladium-carbon
catalyst {containing 52.8% water, 250 mg), and the suspension was
stirred in an oil bath at 40°C for 1.5 hours in hydrogen gas
atmosphere. After removing the catalyst by filtration, the
filtrate was concentrated under reduced pressure to obtain 169 mg
(98%) of the crude target compound as a colorless transparent

syrup substance.

[0531]
'H-NMR (400 MHz, CDCl;3)d ppm: 1.44 (9H, s), 1.47 (3H, s), 2.16-
2.30 (1H, m), 2.85 (1H, d, J = 11.5 Hz), 3.1 (1H, dd, J = 11.3,
7.4 Hz), 3.20 (1H, 44, J = 11.3, 8.6 Hz), 3.29 (1H, 4, J = 11.8
Hz), 4.49-4.69 (2H, m), 4.98 (1H, a).
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[0561] ' 00 FMee, FMe \.1-0H [0562] 25To a solution
of tert-butyl (3S)-1-benzyl oxycarbonyl-4-
fl uoro- 3-nmet hyl pyrrolidi ne-3-carboxyl ate (isomer A)
(1.80 g, 5.33 nmol) in dichloromethane (10 ni),
trifluoroacetic acid (10 nmi)yiwas added dropw se and,
and the m xture was stirred for 2 hours. The reaction
m xture was concentrated under reduced pressure, and
30 saturated aqueous sol ution of sodium
MS (Egfdr Bdenc&Bor8t-8) {30 nL) was added to the concentrate
[o53@hder reduced pressure. The aqueous sol ution was.
[Exampashegiwi th diethylether (SO ), and to the aqueous

7- [<3§a>£ﬁ; H85, A _gd_faug%én%tﬂydf&%@ﬂg@ﬁ%ﬂl&%pﬁ Q.

e —WaS—exXtTactea _virtrm—Cnrorol IT{ . £2Z2UU
£luoxpr 1y [ 53R, 3 45 ig SRER- 350V SHRRT UREL IS B TRPER- Byt iro=4 -
Oxoqusndlum¢slﬂéanhpxyina aktér 148 filtration, the
[os3fjltrate was concentrated under reduced pressure. The
concentrate was azeotropically distilled by adding
toluene (20 nl), and dried under reduced pressure to
obtain 1.86 g (quantitative) of the title conmp@&und

BocHN.. e A) asg co orbggg:zm ly 5 substance: COOH
S| (400 COC13) 8 ppm 1.44 (3H, d, 49
HzN 3.3 (g# T =1 3. 67n CXE N |
¥ (1H t, Jomgzgor)s Hz), 5.09-5.1F (2 mpMe 2

(1H d, J =43.9 7.27-7.38 (5H, HN | ESI)

mz: 304 (MtNar. [0564] [Reference Exanple 88]
[0534135) - 1- Benzyl oxycar bony1- 4-f | uor o- 3- net hyl pyrrol i di ne-

3t 4R xpl-i{€ eracbit Gt Emion3)l aminpP565F 1 kddsimetiiy 1WA -0
methyfﬁiifgﬂﬁaine (169 mg, 0.728 mmol), 6,7-diflucro-1-[{1R,28)-2-
fluoro-i-cyclopropyl] -8-methoxy-1, 4-dihydro-4-oxoquinoline-3-
carboxylic acid - difluorchorane complex (268 mg, 0.742 mmol) and
triethylamine (0.124 mL, 0.891 mmol)} were dissolved in dimethyl
sulfoxide (2 mL), and the solution was stirred in an oil bath at
35°C for 16 hours. After concentrating the reaction mixture, a
mixed solution of ethanol and water {(ethanol : water, 9:1) (55 mL)
and triethylamine (1 mL) were added, and the mixture was heated
under reflux for 2 hours. After concentrating the reaction mixture
under reduced pressure, the residue was dissolved in ethyl acetate
(100 mL x 2} and washed with 10% agqueous solution of citric acid
(100 mL), water (100m x 3) and saturated agueous solution of
sodium chloride (100 mL}). The organic layer was dried with
anhydrous sodium sulfate, and after filtration, the filtrate was
concentrated under reduced pressure. The concentrate was dissolved
in concentrated hydrochloric acid {10 mL} in an ice bath, and the
mixture was stirred at room temperature for 30 minutes and washed
with chloroform (100 mL x 4). To the agueous layer was added 10
mol/l aguecus solution of sodium hydroxide to pH 12 in an ice bath,
and hydrochloric acid was added to adjust the pH to 7.4. The
solution was extracted with chloroform {150 mL x 3), and the
organic layer was dried with anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure,
and the concentrate was purified by recrystallization from ethanol.
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To a solution of tert-butyl
(35) - 1- benzyl oxycar bonyl-4- 20
fl uoro-3-net hyl pyrrolidine-3-carboxyl ate i soner B(1.35
g, 4.00 mmol) in dichloronethane (7 ni),
trifluoroacetic acid (7 my4owas added dropwi se in an
ice bath, and the m xture was stirred for 2 hours.
After concentrating the reaction m xture under reduced
pressure, saturated aqueous sol ution of sodi um
The chygffdkfeneIchenacé PBEIEBFafUCefadragdaere P tgRFain 216 mg
(67%) cofhcield rtdtdel poapoune® dxtsh padedythkowqpeods:.sol ution
{0539;@5 washed with diethylether (50 nL). To the aqueous
~Jlayer %s added 1 nmol/1 hydrochloric acid to pH 2 to
s P54/ the sol ution was extracted with chloroform (150
H~NMRy{ {40 02MHZ The- B¥ Jiafl 0| ByBt iesSdrpBd W t hl arfhyddgud 1H, m),
1.61-50M uibHsuhd at 2, 45n2l. 38 t €H,3001 i Bt Bat (Bh, dhd = LOr L BZ),
3.59 V&s, Gncenypaied, Ufl,dej‘ + educed) presssHe,.84Th@H, m), 4.02-

4.09 f C%ﬂ”ﬁtgo"‘@@azﬁ ro§|ga45 disti | led Ryyadding 4 g1 (1m,

d d t
W, 4 ol oo B8 ) e e 0 Behe et o EhaBoua L7
Hz), §i%ondH.BFas a colorless oily substance. 35[0567] 149

Elemeriﬂ?i—ﬂWRnéAQ@lM-EorGQQﬂﬁ)"&%@pmHzm 33 (3H, s), 3.57 (111,
Caicqldatéd 29. 44 .1%.0uHz3 ,48; 66 28@5(2h|; 8)483. 95 (1H,

= =515 3.2
46%()2H s% E%) 15 719%?@ g gEST)
= (igy (VD ?§[6@568]724[Ré§b§er9c%74l£xé kipe RO, 1350, 1354,

1317, (ER)S- 1lB§hzylb&%/ca1m1y—’ﬂ133— (tert-butoxycar bonyl am no) -
[05364-fluoro-3- nethyl pyrrolidine (isomer A) [0569] 10 O

[Refefg_y}%@gy mpiiBog, { 0570] To a sol ution of

tert b3Sk 13 qlgniy%ﬁgfagboi%% PRt aR) A (1 86

—SOtrer

phenylretlfﬁf)iimynﬁ%iﬁimew %W&Oﬁbfiﬁtel £=1$QmermA)

o—Tt

{05371, 1' -carbonyl bi s- 1H i m dazol e (1 30 g, 8. 00 mmol ) was
added, and the m xture was stirred for 1 hour. AmmDni a
gas was bubbled into the reaction mxture for- 1.5
hodr s, d the solution was ;%centrat ed under reduced

: Water (50 ed to the concentrate,
t he m xtoure™was %tracted with chl orof orm (100
0 X 2). The organi @ r was washed with saturated
gueous solution of sod um chl oride (100 niL), .and
drired wi t h anhydrous iim sul fate. After filtration,
he filtrate was concentrated under reduced pressure.
[0538%'he concentrate was azeotropically distilled bl/ addi ng
ol aepelynmiof, tead -Burel (38)-3-methyl-5-oxo-1-[({1R)- 1—
phenylethyl] -pyrrolidine-3-carboxylate (6.83 g, 22.5 mmol) in
tetrahydrofuran (135 mL), lithium bistrimethylsilyl amide (27.0 mL,
27.0 mmol, 1.0M solution in tetrahydrofuran) was added at 0°C, and
the mixture was stirred at the same temperature for 15 minutes. To
the reaction mixture, N-fluorcbenzenesulfoneimide (13.3 g, 42.2
mmol) was added at the same temperature, and the mixture was
stirred for 2 hours. Saturated aqueous solution of ammonium
chloride {300 mL) was added to the reaction mixture, and the
mixture was extracted with ethyl acetate (300 mlL x 2). The organic
layer was washed with saturated aqueous solution of sodium
chloride (300 mL), and dried with anhydrous sodium sulfate. After
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25 under reduced pressure to obtain 1.80 g

(quantitative) of the crude product (isoner A) in the

formof am de as a colorless oily substance. [0571]

1H NVR (400 MHz, CDC13)8 ppm 1.41 (3H, s), 3.40 (1H

d, J =12.0 30Hz), 3.60-3.423 (31-1, m, 5.12-5.31 (3H,

m, 5.48-5.89 (2H, nm), 7.23-7.35 (5H, m. [0572]

To a solution of the crude product in the foLm of an

amde (1.80 g, 5.33 nmmol) in tert-but al cohol (20
the filyrailicmd shet Bilbmrir atas @@n¢snera@@¥7nﬁﬁﬁlF9ﬂ5§ed
pressadslethndantict bes Mhixd ures Wasci£fiB8 by i sikikbd yeAn collhmbat h

chrom O{%ﬁ:ﬁégh r(e ésﬂnﬁmé)g }éfatr?gr dlég%l W éa&@o@ e | ?—QC&W to
Obtal% T oq?hésjr% o |on c mpoun% fh o%[;e aV\@l[;fte

e n1xture was
solidstirred for 30 m nutes |n an ice bath. After renoving
fos3gihe i nsol uble content by 5 filtration through celite,

IH wve R8obi drif at@cﬁw?&dﬁﬁnsollugsomswsw fpr- the washi 007 (om,

€ shed r ed eoys
éziu$$gn of sodlu I%gdrogencargoﬁgt Y ]%g% H ! Hz)é
ulat 8d= aﬁ%e%d%z s’oﬁﬂ%g’or{ gt od?um de 3560m(_j} a-
= 7'I1héIZdr-gan26 T e3/®r{3khs ™r-i ed wi th anhydr ous magnesi um

Ms (Esyl aze, 3owl @fver.filtration, the 10 filtrate was
{054dynmentrated under reduced pressure. The concentrate

silica gel colum chronatography
[REfeﬁﬁﬁcegggﬁ H%yane : ethyl acetate, 20.1 -

tert -Eapivai d38) o~ §lyarsy)3 -getiy i "
PyrIOkﬂdxaeeéFgarhm%ylﬂﬁQ/Qyﬁbmeanﬁé [0573] 151H—NNR (400
[0541w+t CDC13)8: 1.42 (9H, s), 1.51 (3H, dd, J =8.8, 2.9
.5 Hz), 3.53 (1H, d, J = 11.5 Hz), (1H, n), 4.50 (1H
d J.=28.7 Hz), J =52.0, 26.0 Hz), 7.26-7.39 (5H,
n) Q20[ 0574] [ Reference Exagpl e|90]

) zonxycarbonny@-@L@; butoxycarbonylan1no)
uor o- 3- nethylpyrroLzﬁﬁpe (isomer B) [0575] 25 O
o e FMe NHBoc 0%y

’J\Ph "kPh

[0542]

To a solution of tert-butyl (3S8)-4-flucro-3-methyl-5-oxo-1-
[{1R} -1-phenylethyl] -pyrrolidine-3-carboxylate isomer A(3.85 g,
12.0 mmol) in tetrahydrofuran (70 mL), lithium diisopropyl amide
(6.66 mL, 12.0 mmol, 1.8M solution in tetrahydrofuran) was added
at -78°C, and the mixture was stirred at the same temperature for
15 minutes. At the same temperature, 2,6-di-tert-butyl phenol
(2.97 g, 14.4 mmol) was added to the reaction mixture, and the
temperature was gradually increased with stirring in 2 hours.
Saturated agueous solution of ammonium chloride (200 mL) was added
to the reaction mixture, and the mixture was extracted with ethyl
acetate (200 mL x 2}. The organic layer was washed with saturated
aqueous solution of sodium chloride (200 mL), and dried with
anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure, and the concentrate was
purified by silieca gel column chromatography (elusion by hexane :
ethyl acetate, 5:1 — 2:3) to obtain 2.32 g (60%) of the title
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[0576] To a solution of

(3S) - 1-benzyl oxycar bonyl1-4-fl uor o- 3-

nmet hyl pyrrolidi ne-3-carboxylic acid (isoner B) (1.25

g, 4.00 mol) 30 in acetonitrile (40 ni),

1,1 -carbonyl bis-1Him dazal e (973 ng, 6.00 mmol) was

added, and the m xture was stirred for 1 hour. After

bubbling amonia gas in the reaction m xture for 1.5

hours, the m xture was concentrated under reduced
compoyR@sEifamen\Bt BAVEBY #ipolud taddéghes tan doiriiest Pat és &
white asngll iche $obBitd o 0kds oExtisantedr wad Bscchegpgtoedn ( 100

[0549L x 2). The organic layer was washed with 151

1 d | uti f di hl_ari 00
H-Wﬁfﬁ}%@hﬁzdfﬁfﬁoﬁtﬁg%ﬁwgﬁéﬂéligui%’m e Gy - 72
Hz) . 3191 r&of; ¥he 1% rfle vas2cdhbentr af et Whdefz) 4-68

(1H, dedUcedlpieBslr e5.4helldbneentr at & Wakzlaz ébt2Atoi-8al (5, m) .
Ms (Egh)Stidd.ed3yg t mroltuene (20 nL), and dried under 5
[0544r}educed pressure to obtain 1.20 g (quantitative) of
'f the crude Frogéjf)t in the formof an am de (isoner B)
[Refergnce ESPBPLBsE& bily subst ance. [0577] 1H NVR (400 Mz,
tert-Ruhyll)(@ShnAr fjuano(Rmpetdy1 -3 -d{ 1R} ] -phenyjethydl g
pyrrolli@ited 3Hzirb3xBat3: 70 shidr A), 3.83 (2H, dd, J = 16.7,
fos4s3.9 Hz), 4.96 (1H, d, J = 51.5 Hz), 5.15 (2H, br s),
5.58 (2H, d, J =59.6 Hz), 7.23-7.40 (5H, m. [0578]
To a solution of the crude product in the formof an
‘amige 15 (1.20 g, 4.00 mol yintert-butyl alcohol (15

mﬂqé\h@‘é dded | ead tetraaeetat e43.55 g, 8.00 nmol ),
“theé mxture was stirrgg&in an oil bath at 80C for
ur. After alTow ng t eaction mixture to cool,
i um hydr ogencarbonate (4 g) and diethyl ether (20
pyere added to the re pipn m xture, and the

m xture was 20 stirred in an ice bath for 1 hour. The
fa546ilnsol ubl e content was renoved by filtration through

gel bt gol @bl ke fddrtratieyands §her vEshimg 3sakuhi DRs-0fxo-1 -
[(1r)-4n hleH?i’ét‘ﬁ'/ﬂ GRALENY qweEescoablsemh and washed WM the . ss g,
8.03 Sa§ [ 85 CEATISONS, SOLHL 20 o) SOEk B OgencaLPONALE of

nt) SR Eht &g aéu ous’ st Uty of "sodi tim
boranec RRoft pHE2 Y HfYranTHEe -2 ml, 26.5 mmol) in an ice bath and
the mixture was stirred at room temperature for 15 hours. The
reaction mixture was concentrated under reduced pfessure, and
water (5 mL), ethanol (45 ml), and triethylamine (3 mL) were added
in an ice bath, and the mixture was heated under reflux for 1.5
hours. After concentrating the reaction mixture under reduced
pressure, water (100 mL) was added, and the mixture was extracted
with chloroform (200 wml x 2). The organic layer was washed with
saturated aqueous solution of sodium chloride (100 mL), and dried
with anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure, and the concentrate was
purified by silica gel column chromatography (elusion by hexane :
ethyl acetate, 12:1 — 2:1) to obtain 2.15 g (87%) of the title
compound (isomer A} as a colorless olly substance.
[0547]

'H-NMR (400 MHz, CDCl3)8 ppm: 1.29 (3H, d, J = 3.7 Hz), 1.32 (3H,
d, J = 6.6 Hz}), 1.46 (9H, s), 2.44 (1H, 4, J = 8.8 Hz), 2.68 {1H,
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25 organic |ayer was dried w th anhydrous magnesi um
sul fate, and the solvent was renoved by distillation
under reduced pressure. The residue was purified by
silica gel colum chromatography (elusion wth hexane
ethyl acetate, 20:1 -* 344 to obtain 1.03 g (7390
of the title conpound (isoner B) as a colorless oily
substance. 30[0579] 1H NWR (400 WMHz, CDC13)8 ppm 1.42
(3H dd, J = 4.4, 1.2 FE) 1.44-1.45 (9H, m, 3.42
ad, J(=1Hilt7 11=91¥zD, H2) 96 3(BD- A1 I( £HR 1R, B.7761)1H3-86, (1H,
d, 74 & 4@, 2.52H)H, 3g847 (HlH,.s5t gz ,=51027(Hz) d4. §4= 55.2,
4.9 § )1H,7c£4nj, 3194584 HRY, 492 (1H, d, J =56.9 Hz), 5.14
e E:é ) 30% 3 13 1 Hz), 7.26-7.52 (5H, m. M
SIY % z k¢ [0580] [Reference Exanple 91]
[054413R) - 3- (tert - But oxycar bonyl am no) - 4- f | uor o- 3- met hyl pyr
[Referaidalimampld@( Bsdmer A) 152 [0581] FMe NHBocFMe NHEOO

tert-B 1(3BlQ4ar30bHb L Pty - 1t [ (th) ~1-phenylethyl] -
3 o) b ert-
PYYIO b &eyga?:%éi% Al P ELE - 3- et hyl pyrrolidine

0549(]l somer A) (271 ny, O. 769 mml) in ethanol (10 nl) was
added 10% pal | adi um car bon catal yst (containing 52. 8%
vvateé, 27.0 ng), and the suspension was stirred for 2
PRMT ydrogen gas atﬁgggﬁ\ After renoving the

‘at‘a t by filtrati o ¥hePfiTtrate was
on entrat ed urrdrer>r educdd pressure to obtain 156 ngy
ﬁ% of the crude target Nonpound (isomer A) as a
| ess transparent sywlp ubst ance. [0583] 1H NWR
(40 I\/Hz, CDC13) 8 ppm 1. 43 .44 (1211, m, 3.06 (1H,
[0550d J 15= 13.4, 17Hz) 313(1H d, J=134Hz)

B4 Bt Jg bt L 2 5 o
[(lR}ﬂ%ﬂphenylethy i- pyrrolldlne 3-carboxylate (isomer B) (1.64 g,
5.10 mmol) in tetrahydrofuran (30 miL), 1.01M solution of borane in
tetrahydrofuran (16.7 mL, 16.9 mmol) was added in an ice bath, and
the mixture was stirred at room temperature for 15 hours. After
concentrating the reaction mixture under reduced pressure, water
(5 mL), ethanol (45 mi), and triethylamine (2 mlL) were added in an
ice bath, and the mixture was heated under reflux for 1.5 hours.
After concentrating the reaction mixture under reduced pressure,
water (100 mL) was added, and the mixture was extracted with
chloroform {200 mL x 2). The organic layer was washed with
saturated agqueous solution of sodium chloride (100 mL), and dried
with anhydrous sodium sulfate. After the filtration, the filtrate
was concentrated under reduced pressure, and the concentrate was
purified by silica gel column chromatography (elusion by hexane :
ethyl acetate, 12:1 — 2:1) to obtain 1.55 g (29%) of the title
compound (isomer B) as a colorless oily substance.

[0551]

‘H-NMR (400 MHz, CDCls)8 ppm: 1.29 (3H, 4, J = 1.2 Hz}, 1.34 (3H,
d, J = 6.6 Hz), 1.43 (9H, s), 2.39 (1H, d, J = 9.5 Hz), 2.74 (1H,
ddd, J = 34.4, 12.0, 1.7 Hz), 3.02 (1H, 4, J = 9.5 Hz), 3.35 (1H,
dad, J = 31.5, 12.2, 4.6 Hz), 2.44 (1H, g, J = 6.6 Hz), 4.78 (1H,
ddd, J = 54.2, 4.8, 1.6 Hz), 7.19-7.32 (5H, m}.
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M5 (ESI) mz: 219 (M+H)+. [0584] 20 [Reference Exanpl e
92]
(3R)-3-(tert-But oxycarbonyl am no) - 4-fl uoro- 3- et hyl pyr
rolidine (isoner B) [0585] FMe NHBocFMe NHBOG 25
[ 0586] To a sol utipe of
(3R) - 1- benzyl oxycar bonyl- 3- (t ert but oxycar bonyl am no) -4
-quoro 3-met hyl pyrrolidine (isomer B) (304 ngy, 0.863
in ethanol (12 nml) was added 10%
M3 (Eﬁ£)l@%ﬁun98§r6%hHBO catal yst (containing 52.8% water,
[055200. 0 ng), and the suspension was stirred for 2 hours

[Refetdéndy dt:e@pnegas] at nosphere. After renoving the
tert- é@é 2 y(SjtS by .fehh Bkg'arﬁgh f' ! § Ego_ 45 & ‘_ 'iine-

0] cUOCLtlU ' Ul da

3-carbogyls e 1ESPEE Avonpound (i somer B) as a colorless
{055ihansparent syrup substance. [0587] 1H NMVR
(400 MHz, CDC13)8 ppm 1.40 (3H, d, J = 1.7 Hz), 1.45
(911, m, 3.31 (111, dd, J = 13.7, Hz), 4.99 (1H s).
100
FMe [ 3- Anmi no- 4Fmqu\o;§{nethylpyrroildln 1-yl]-6-fl
Tqro-1 [ (1 R_2S) - 2- f bt 07 I-cyclopropyl] 8- net hoxy-1, 4-d
dro-4- oxoqui dne- 3- car boxylic acid [0589] 15
F 590] (312)- 3- (ter$ but oxycar bonyl am no) - 4-f | uor o- 3-
hyl pyrrolidine i%omer A(156 ng, 0.713 mmol),

(05540 7-di fluoro-1- ’
gglR 2S)-2-fluoro-1- C£C|O ropyl] - 8- nethoxy-l 4-di hydro
T, 2280 5% biRA il iRt behy ok§$]tﬁzﬁﬁupro1%-mE@bebbwEﬁﬂR)~

1-phenydepheX ] ¢ 2V8ral diher89 cambbkylatel (1d@tdrypani(ne1$0g,129,. 99
mmol) M, d9cA2SrHmdd Haier @ cadded B&%I@EMrb%ﬂEffloéhggrige (1.50
ml:, long)gﬁglﬁhﬁéénﬁgég \g%% %hlr$f tuf%iﬂgémgtlbatg in an 01

er concentra e mXx Xture, a m xe
bath ayFQS diPtoR CetiRBAEI aﬁrﬁfe\xatc@ﬁceégﬁ%bmg - thgtreactgon)
mixturespnfey DEiugrdl triestshybanthe ¢onerntngdee vagdpdribleddy
silicacgatentdlatre,clanthadtdograpki ul €lwesorhant e@dxander &yl ux

acetatteor lg .{]oﬁj& e-LéThgor 8@‘&511’9& IFIX%I‘@.fA@S %ogﬁgné{tﬁt egzompound

ressur concentrate was

(1somegn Eo?v inethyl acgya%e Tﬁﬁan X 2). The solution

%as mashed Wi th 1096aqueous solution of citric acid
1H -NMR (00 MHe, Waces) { teo:m1x35 (3H, dd, J§ = 7.8, 2.2 Hz), 1.41
(9H, br s), 3.24 (iH, dd, J = 17.0, 10.9 Hz}, 3.61-3.75 (2H, m),

4.08 (1H, dd, J = 10.7, 2.7 Hz), 5.14 (2H, 4, J = 4.6 Hz), 5.17
(1H, 4, J 51.0 Hz), 7.26-7.38 (5H, m).
{055¢]
[Reference Example 86]
tert-Butyl (38)-l-benzyloxycarbonyl-4-fluoro-3-methylpyrrolidine-

3-carboxylate (isomer B)

f0557]

x
|
%

N
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30 3), and saturated aqueous solution of sodium

chloride (100 nL). The organic |ayer was dried with

anhydrous sodium sul fate, and after filtration, the

filtrate was concentrated under reduced pressure. The

concentrate was di ssol ved j4y concentrated hydrochloric

acid (10 m,) in an ice bath, and the m xture was

7.69(1H,d,J =14.2 Hz),8.41(111,d,J = 2.9 Hz).

| RCATR) v: 3386, 2972, 2881, 1722, 1624, 1518, 1452, 1373, 1325,
05581279, 1223, 1190, 1149, 1122 cm 1.

To a solution of tert-butyl (38)-4-fluoro-3-methyl-1-[(1R}-

1-phenylethyl] -pyrrolidine-3-carboxylate isomer B {1.55 g, 5.04
mmol) in dichloromethane (30 mL), benzyloxycarbonyl chloride (1.08
mL, 7.56 mmol) was added, and the mixture was stirred in an oil
bath at 60°C for 24 hours. After concentrating the reaction
mixture under reduced pressure, the regidue was purified by silica
gel column chromatography (elusion by hexane : ethyl acetate, 20:1
— 3:2) to obtain 1.38 g (81%) of the title compound ({(isomexr B) as
a colorless oily substance.

[0559]
'H-NMR (400 MHz, CDC1:)8 ppm: 1.24 (3H, s), 1.47 (9H, s), 3.49 (1H,
dd, J = 26.9, 11.0 Hz), 3.60-3.80 (2H, m), 3.90 (1H, 44, J = 11.0,
3.7 Hz), 4.90 {1H, 44, J = 51.8, 2.9 Hz), 5.14 (2H, dd, J = 16.6,
11.7 Hz), 7.22-7.38 (5H, m).
MS (ESI) m/z: 360 (M+Na)®.

[0560]

[Reference Example 87] _

{38) -1-Benzyloxycarbonyl-4-fluoro-3-methylpyrrolidine-3-carboxylic

acid (isomer A)

[0561]
Q /L: o]
Eye W - Fte, Yoy
* —_— *
) )
Z Z
[0562]

To a solution of tert-butyl (38)-1l-benzyloxycarbonyl-4-
fluoro-3-methylpyrrolidine-3-carboxylate (isomer A) (1.80 g, 5.33
mmol) in dichloromethane (10 mL}, triflucrocacetic acid (10 mL) was
added dropwise and, and the mixture was stirred for 2 hours. The
reaction mixture was concentrated under reduced pressure, and
gaturated aqueous solution of sodium hydrogencarbonate (30 mL} was
added to the concentrate under reduced pressure. The agqueous
solution was washed with diethylether (50 mL), and to the aqueocus
layer was added 1 mol/1 hydrochloric acid to pH 2 to 3, and the
mixture was extracted with chloroform (200 mL x 2). The organic
layer was dried with anhydrous sodium sulfate, and after
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.4. The solution was extracted with chloroform (150 nL

x 3), and the organic layer was dried w th anhydrous

sodium sul fate. After filtration, the filtrate was

concentrat ed under reduced pressure, and the

concentrate was purified bysgecrystallization from

et hanol. The crystals were dried to obtain 165 ng

(52% of 10 the title conpound (fron1isoner A of

substituent at position 7) as pal e yel | ow powder.
filtrppbon] e LHgGragscwas conqum%wdmre@l%@ NFFSFHTE -
The cppoenirdd: (Wald, adeolropedl Hr)distidQ0edlbt. 483 {rdH taljuens (20

dn80a:i &2 volide #baudedpfdddurdl ol opedfnds Hed g 3. 59

quan% 'L},:%Ltlsx)dé 3 p%ﬁ% §9t§ r% Lf.n% O& ?’)’mgg A}gg mcofblzl%ss oily

enen
SubSt@ﬂ@$EOF3hBO4O 25H20: 20Ca|cu|ated C, 54.87; H 4.97;
[656F, 13.70; N, 10.10. Found: C, 54.71; H, 4.98; F,
1y -nMEL a2, vz, 18p88;) 8l EE%Z] 1294 Bxanpke 261 4.9 Hz), 3.32 (lH,
£, 7 4-14 33" Agi po- g et h>i'4pXifI°'td'.ﬁ -1 -doLlz €,

agfs‘za oy AbNE rmh A uc?"’“n?iéeo..%m(%ﬁﬂ Bl
MS (E (WiZTr39%y9ﬁﬁﬁﬁn)4fur--ntypr0||e|oe(89 3m , 67df ur - -
[056410594] (3R)-3-(tert-butoxycarbonyl anino)-4- f1 uor o- 3-

[Refef@ﬁégﬂggghbqglggpe i somer B(182 ng, 0.833 nnDI)
I }5 .

&' noI|ne 3- carboxyllc acid - dlfluoroboron
[OSGQkHWNex (311 ng, 0.863 mmol), and triethylam ne (0.144
nL 1. 04 nmol) were dissolved in dinethyl sulfoxide (2

and the m xture was 5 stirred in an oil bath at

19 hours. Afteﬁbgfncentratlng the m xture, a

gﬁi utlon of Hand wat er (et hanol

[0566]

To a solution of tert-butyl (38)-l-benzyloxycarbonyl-4-
fluoro-3-methylpyrrolidine-3-carboxylate isomer B{(1.35 g, 4.00
mmol) in dichloromethane (7 mL), trifluoroacetic acid (7 miL) was
added dropwise in an ice bath, and the mixture was stirred for 2
hours. After concentrating the reaction mixture under reduced
pressure, saturated aqueous solution of sodium hydrogencarbonate
(30 mL} was added to the concentrate in an ice bath, and the
aqueous solution was washed with diethylether (50 mL). To the
agueous layer was added 1 mol/1l hydrochloric acid to pH 2 to 3,
and the solution was extracted with chloroform (150 mL x 2). The
organic layer was dried with anhydrous sodium sulfate, and after
filtration, the filtrate was concentrated under reduced pressure.
The concentrate was azeotropically distilled by adding toluene (20
mL), and dried under reduced pressure to obtain 1.25 g
(quantitative) of the title compound (isomer B)as a colorless oily

substance.
[0567]
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water, 9:1) (60 nL) and triethylamne (3 nmL) were
added, an the m xture was heated under ref lux for 2
hours. The reaction m xture was concentrated under
reduced pressure, and the concentrate was 10 di ssol ved
in ethyl acetate (100 m . ,19¢ 2), and the sol ution was
washed with 10% - aqueous solution of citric acid (100
m.), water (100m x 3), and saturated aqueous sol ution
of sodiumchloride (100 nL). The organic |ayer was
'H-NMRJ (460 WHeh @pBlxddoppmsodi (BB sid.ase, anB7afildr dd, J = 29.4,
11.0 Hd)l t r3aticen, sshezH | I, atle asag 1@ONAENt 7 at exb .Bndeér.1 Hz), 4.99
O oAt el Tt ok or acra 10w amd char wn
[ [ ,
Ms (Eér:ﬁﬂxtmlfnrzé \?\é/a‘ggs{i%é'g\{ragd'at roomtenperature for 30
[05684 hutes. The reaction mixture washed with chl or of orm
[Refexcl@®@® ®kaxpds, 8and to the aqueous | ayer was added 10

(3R) - 1Yk yAGHEENELGO) IHT -Of & -50E bR A¥EBXi 38 b -RHF 1ot d-3 -

'methyfﬂkfﬂﬂiig% Q,(%go%ggLaydrochlorlc acid was added to the

[05692UIULIUH o adjust—the pHto 7.4. The solution was
xtracted with chloroform (150 nL x 3), and the
organi c layer was dried wth anhydrous sodium sul fate.
After filtration, the filtrate was concentrated under
Fh&pé@ged pr eSSUE Qe goconcentrate was purified by

i Srydt al | i zatipyfrom 25 ethanol, and the crystals
wey e dried und educed pressure to obtain 176 ng

1-t) of the tilfle conmpound (fromisomer B of
Zubstituent at pésition 7) as a pale yell ow powder.
[ 0595] np: 206-208C. 302H NVR (400 MHz, 0. 1N Na.O013)5
rog7opPpm 1.29 (3H, br s), 1.57-1.74 (24, m, 3.37 (1H d,
= 9,8 Hz). 3.56-3.6 1H 3..60 H, . 3.8

b5 o 350 bl Do et Flgo s B
methylpy¥¥ol yfing 3-cayboxyijciachy (usomewy 244 (R1F6 #) 542 ygmol)
in acefdhitdite ®MO=mB2.,71,10-0arBoRyHA)is-AB8midkzode 0130 g,
rmon 1B O ARG SULA B Fon o5 A mlicbaBis Py 4 0

' . t . . ; ) t . 1' . ,
Amzon;N, 81@.@1. pibree o ESEES'%?d4.C)86;21F, g3.68r N7
and thg)sgRution wRFRAPnCEgyRated jandey ZEdussdoproggyre ogipter
(50 mL)7@as addeyl trsthe ¢gpsenynyge. 1338 theardxtupgowasg 225,
extractd8byitdi 3thlemoTordO[(0606HL. 455 [ EXarpbeg@yic Iaydr (BR)
washed'§i€ﬁ1é@t&kéﬂé&“&&%e&&s solution of sodium chloride (100 mL),
and dr%é&%@ "L éa&%‘]n OQ]EPPA/JQ -8 %gy e A diday At e

, - _oxoqui ndl 1 ne-3-car box c acid 9

filtrate was cOncentrated under rfeduced pressure.” The concentrate
was azeotropically distilled by adding toluene (20 mL}, and dried
under reduced pressure to obtain 1.80 g {(guantitative} of the

crude product (isomer A) in the form of amide as a colorless oily
substance. '

[0571]
H-NMR (200 MHz, CDCl:)d ppm: 1.41 (3H, s), 3.40 (1H, 4, J = 12.0
Hz), 3.60-3.97 (3H, m), 5.12-5.31 (3H, m}), 5.48-5.89 (2H, w),
7.23-7.35 (5H, m}.

[0572]

To a solution of the crude product in the form of an amide

{(1.80 g, 5.33 mmol) in tert-butyl alcohol (20 mL), lead
tetraacetate (4.73 g, 10.7 mmol) was added, and the mixture was
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[0598] (3R)-3-(tert-butoxycarbonyl am no)-4-fl uoro- 3-

10 nmet hyl pyrrolidine isoner A (397 ng, 1.82 mmol),

6, 7-di fl uor o- 1-

[ (1R, 2S)-2-fluoro-I-cycl opropyl]-8-nethyl-1, 4-di hydro-

4- oxoqui nol i ne-3-carboxyligpacid - difluoroboron

conplex (418 ng, 1.21 mmol), and triethylam ne (0.202

m., 1.45 nmol) were dissolved in sulfolane (2 nL) in

. an oil bath at 35C, and the m xture was 15 stirred for

stirreg4inoyr oilafeeh esn8eif o A MABUREXt uAdtey Alkewing to
cool, sebdiwnnwiragehaacbonate Wweh ar) (setthadiekhylegbher , (23 L) were
added(860 the 2ittinehiktask Neardd tHe maRtaraddesd éﬁhﬁﬂéﬂ for 30

mlnutggnfﬁnarl altcee ?%tﬂn %%t&a%%n@irlggct an%s%gﬁﬂ:ﬁ{ %El%eﬁﬂ\@sby

tirre ncent ra
flltr?Eb‘E’i‘u %% &Félﬁﬁde\‘ ¢ doluideR o5 8BGuFBe § utz’EPn used for
the waeklnyevanss cginbdokdedand veghgd a’@éhatsét@@'oemamle@)is
solut bt dhecBhnt hogdrvasnyaahacthod t(5010% aghe s e idd agueocus

solutgcgrtl Eéfa {éecéalgﬁhgkolﬁégg%@u% V{‘@)er 'f'lJ:QO ﬁ&cf?lgtg%%dwas dried
with SEWEAES (AANERNSL OOt Al S RO E Ol e

e or
filtratg (Wi, coalﬁ&nsrﬁ*é?dfw@@rame&ﬁlcetﬂhérﬁﬁ ﬂlﬂif%t e T\R@s cogcentrate
was peonTert gt edlindegel echioech phessakegrapiy t telussindby

hexand@s dWyif 'a%gtgtefhﬂﬁtl siyl Begy 9 @& &@Aam 1 oo gAY ggﬁﬁp&y the
title resﬁ@l}%%mgésgﬁsgogvedgq n (%Fig)r oc or| c aC| d9 rTL)

[0573]nd the sol ution was stlrred at room tenperature for
*H-NMR3({4APnWties, CREId) Bhe waghd@Hwi sh, chl Bt of 6T md@L0g mL8x8, 2.9
Hz), %H)42 TAH, heldSOJaqmeDus lzaypeHz) 103081/ L1guBOoWs =salluti Ba) ,
3.59—331‘7280((15#%'51;%0%1@ agﬁsa@;ddgqqi g@ b @ﬁﬂl {a?my '—CQBbatﬁz),

rec S ed,Lo s

5-14 @ﬂﬁ t;'}f‘ﬁegsg #%hq%%scﬁgtégcgédzéﬁ 1oro oPﬁFF1EBH ) .
MS (ES{) )‘i“/E) i CHESGr gani ¢ | ayer was dr| ed with

[0574énhydrous sodlun1sulfate After the filtration, the
[Refeddrder akemphs 6] concentrated under reduced pressure,

(3R) - 1A NS L PREAAAL & WaS rt 1Bt B EL 180 Phamine) -4 - Fluoro-3-
methy IR Erl a6 Aink 2 ]éé%gglé mettanol, and tHe crysrals Wer e
—————éﬁ?eéLuﬁée ressure to obtain 28.3 ng (6% of

CUULCTtTuU

[0575dhe title conpound (fromisonmer A of substituent at
position 7) as a pale yellow powder. 5[0599] np:
215- 217C 114- NVR (400 MHz, 0.1N NaOD)8 ppm 1.20-1.32

%‘ 1.37,(314 d, J = 2.7 Hz), 1.54-1.67 (114,

FMRS~eH51 (314, N%ﬁ@j (1H, d, J = 9.8 Hz), 3.47 (1H

dd, J =299, 12.% Hz), 3.86 (1H, d, J = 10.0 Hz), 10
205- 4. 12 (114 . 4.30 (111, ddd, J = 40.0, 13.2,

B.2 Hz), 4.80- 4.85 (1H n), 5.01 (1H ddd, J = 67.8,
9.4, 4.6 Hz), 7.70 (114, d, J = 14.0 Hz), 8.45 (1H, d,
[0576% 3.4 Hz). Elenentary anal ysis for
19H20F3N303- 0. 751420: Cal cul ated: .C, 55.81; H, 5.30;

T 40528 IBEGInd 25¢; 1 5BeBaY Lo¥Y R pgnyRy- 178V 4gtork
methylpATRpY1dB894 - @@@%XYZQQ?OaCQ@M.lSCZ@ﬂEOB)17(262516184 00 mmol)
in acetbftridbH8(40 wmL), 1,1’ -carbonyl bis-1H-imidazole (973 mg,
6.00 mmol) was added, and the mixture was stirred for 1 hour.
After bubbling ammonia gas in the reaction mixture for 1.5 hours,
the mixture was concentrated under reduced pressure. Water (50 mL)
was added to the concentrate, and the solution was extracted with

chioroform (100 mL x 2). The organic layer was washed with
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1456, 1425, 1319, 1267, 1225, 1190, 1146 cm 1. [0600]
[ Ref erence Exanple 93] 20 tert-Butyl
(38) - 3- hydr oxynet hy1- 5- oxo-1-[ (1R) - 1-
phenyl et hyl ] pyrrolidi ne-3-carboxylate [0601] 25[0602]
To a solution of tert-butybl5b-oxo-1-[(1R)-1-
phenylethyl]pyrrolidine-3-carboxy|ate (4.00 g, 13.8
nmol ) i n N, Ndi met hyl f or mam de (40 nL)
arafornaldeh de (0.830 g, _27. and sodi u
Saturﬁ;fraiiu aﬁu?@l%wlglt 15500F nS%ﬁiJrum fs‘il@r&ﬁ%l )‘W\Brl&%doﬁé%&i gried

with 3Bhydoous erpbnmt guédfabad tAfcen filteawbon stihe dd latrate was
concehf@aSeédBui @ eledubed HLEsSOrdN NPheScod@edthitceaglsi on
azeot%éig%gly ‘@ﬁﬂ‘i@ﬁuéééﬂ'%i@ o 2%' ;Lbc 6 daf 40P JHakr
recuch DRSSt uth SBERTP heid o ol TR 1heta Ve oA rEns e
produrhydl Wee feaghed ant amige efls(ozr@@ Bl RS2y eotoskRa s Midy
substdbcaqueous sol ution of sodiumchloride (100 niL), and

[057'¢Ii ed with 7 ‘
'H-NMR (400 MHz, CDCl3)8 ppm: 1.31 (3H, s), 3.61 (1H, dd, J = 25.86,
10.4 Hz), 3.69-3.79 (1H, m), 3.83 (2H, dd, J = 16.7, 3.9 Hz), 4.96

(1H, d, J = 51.5 Hz), 5.15 (2H, br s), 5.58 (2H, 4, J = 59.6 Hz},
7.23-7.40 (5H, m).
[0578]

To a solution of the crude product in the form of an amide
{1.20 g, 4.00 mmol) in tert-butyl alcohol (15 mL) was added lead
tetraacetate (3.55 g, 8.00 mmol), and the mixture was stirred in
an oil bath at 80°C for 1 hour. After allowing the reaction
mixture to cool, sodium hydrogencarbonate (4 g) and diethylether
(20 mL) were added to the reaction mixture, and the mixture was
stirred in an ice bath for 1 hour. The insoluble content was
removed by filtration through celite, and the filtrate and the
washing solution of the insoluble content were combined and washed
with saturated agqueous solution of sodium hydrogencarbonate (50
mL) and saturated agueous solution of sodium chloride (50 mL). The
organic layer was dried with anhydrous magnesium sulfate, and the
solvent was removed by distillation under reduced pressure. The
residue was purified by silica gel column chromatography (elusion
with hexane : ethyl acetate, 20:1 — 3:2) to obtain 1.03 g (73%) of
the title compound (isomer B) as a colorless oily substance.

[057¢9]
'H-NMR (400 MHz, CDC1;)8 ppm: 1.42 (3H, dd, J = 4.4, 1.2 Hz),
1.44-1.45 (9H, m), 3.42 (1H, t, J = 11.2 Hz), 3.62-3.71 (1H, m),
3.76 {1H, dd, J = 10.3, 2.5 Hz), 2.84 (1H, t, J = 10.7 Hz), 4.84
(14, 4, J = 54.4 Hz), 4.92 (1H, 4, J = 56.9 Hz), 5.14 (2H, 44, J =
15.3, 13.1 Hz}, 7.26-7.52 (5H, m).
MS (ESI) m/z: 375 (M+Na)~™.
[0580]

[Reference Example 91]
{3R) -3- (tert-Butoxycarbonylamino) -4-fluoro-3-methylpyrrolidine
(igsomer A) )




ydr oxynet hyl- 5- oxo- | -
[(1R) - 1- phenyl et hyl ] pyrrol i di ne- 3-car boxyl ate (8. 23 g,
25.8 nmmol ) and imdazole (2.63 g, 38.7 mmol) in
N, N- di net hyl f ormam de (150 L), tert-butyl
dimethylsilyl chloride (4.188 g, 31.0 mmvol) was 25
added in an ice bath, and the m xture was stirred at
roomtenperature for 4 hours. To the reaction m xture,
sat urat ed aqueous ‘sol ution of ammoni um chl oride (300
[058131) was added in an ice bath, and the nixture was
extracted with diethylether (300 nmL x 2). The organic
Iayer was washed with water (300 nL x 2) and saturated
FM “cOHBoueous Fael yHegsh of sodiumchloride (200 ni), and
*dqried WLh \ydr ous. magnesi um sul fate. After
nfiltration, E filtrate was concentrated under
sreduced presgure, and the residue was purified by
silica gel colum chromatography (elusion by hexane :
[ngzashyl 20[ 0606] To a solution of tert-butyl

roxy X0- 1R nyl et hyl ] pyrro
i"di fe- gmcar ox;r/‘rlE {‘%]5 g %?nzyﬁéﬁy%ar]b&}yel h 3% f¥nLd ﬁ{
butoxnﬁér@@ny amgney) Tﬁﬁﬂ%UQQQ NgéPW%P%§¥9 déSFTGG )(271
mg, 0t%§ﬁtmm0ﬁyl1@|¢nnan¢HsMuplm@hlwﬁsd@dieﬁ(ﬂ@%gpaglaﬁlnmn¢$rbon
catalWAS (2on8dadethd sAmY atkat h27andndhe dAX e sWeGension was

stirredd 'f[)q:eg ﬂ&uf@ G th%?ﬁ%g fgfmé eS E@tép %emovulg the

xture ueo
10 catalyghbli it b ciie (300 LAEFhAC SRS AR P oUBAET,
reducegn@reREune xEUrd tRds éﬁﬁrﬂaté83m)t¢ﬁ(ﬁhﬁl§¥ﬂéﬁh§ﬁr§%bo
compound Xi2pmed e arsganicolbalersswasamgshethtwistirupatebs {3 -
fosgsfl x 2) and saturated 30 aqueous solution of sodium
1 c and r yd ou g i u
H-NMR m (Satl\gfz,A%?)gl Qnéfd%‘%% (lﬁg-!fgte 3,009 W8, o

ratlo
15 = 13. 4coﬁcgnFF5teﬁ ﬁ%dQ?Lréhugéﬁ ?e§sﬂ?£ %nﬂ*t r&Gdfe= 13-4,
4.6 Hz)\as3phri fid dsy di ki éa- @el4c@H@Wn éhﬁ@ndﬂﬁgrﬁbhy5 16 (1H,

d, J =(8Busi®a) by hexane : ethyl
MS (ESI) m/z: 219 (M+H)"'.
[0584]

20 [Reference Example 92]
(3R} -3- (tert-Butoxycarbonyliamino) -4-flucro-3-methylpyrrolidine
(iscomexr B)

[0585]
FMe NHBoc FMe NHBoc
*\ \ —i * 4
N N
Zz H
25
fo58¢6]

To a solution of (3R)-1-benzyloxycarbonyl-3- (tert-
butoxycarbonylamino) -4-fluoro-3-methylpyrrolidine (isomer B) (304
mg, 0.863 mmol) in ethanol (12 ml)} was added 10% palladium-carbon

30 catalyst (containing 52.8% water, 30.0 mg), and the suspension was
stirred for 2 hours in hydrogen gas atmosphere. After removing the
catalyst by filtration, the filtrate was concentrated under -
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159 acetate,10:1 -* 1:1)to obtain 7.98 g (71% of the
title conpound as a colorless oily substance. [0607]
1H NVR(400 MHz, CDC13) 8

ppm 0. 05(3H, s), 0.06(3H,s),0.88(9H, 5 s), 1.35(911,s),
1.51 (3H,d,J =7.1 Hz),2.47{441,d, J = 17.1
Hz),2.77(1H,d, J = 17.3 Hz), 3.28 (211, dd, J = 26.7,
10.1 Hz), 3.68(211,dd,J = 7.35(51-1,m. 14.4, 9.5

Hz), 5.49
reduced)pressure to obtain 182 mg (97%) of the crude target

compound (isomer B) as a colorless transparent syrup substance.
[0587]

'H-NMR (400 MHz, CDC1,)8 ppm: 1.40 (3H, d, J = 1.7 Hz), 1.45 (9H,
8), 3.11-3.17 (2H, m), 3.19-3.25 (1H, m), 3.31 (1H, 4d, J = 13.7,
4.4 Hz), 4.75 (1H, d&, J = 55.3, 3.6 Hz), 4.99 (1H, s).
M3 (ESI) m/z: 219 (M+H)*.

[0588]

[Example 25]
7-[(3R) -3-Amino-4-fluocro-3-methylpyrrolidin-i-yi]-6-fluoro-1-
[(IR,28) -2-fluoro-l-cyclopropyl] -8-methoxy-1,4~dihydro-4-
oxoguineline-3-carboxylic acid

[0589]
0 o]
FMe NHBoc F COOBF, F COOH
BT 0
NF‘ F*N
H OMe A F — OMe A F
: HN *
[0590]

(3R} -3 - (tert-butoxycarbonylamino) -4-fluoro-3-
methylpyrrolidine isomer A{(156 mg, 6.713 mmol), 6,7-difluoro-1-
[{1R,28)-2-fluoro-1l-cyclopropyl] ~8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid - difluoroboron complex (278 mg,
0.769 mmol}, and triethylamine (0.1292 mL, 0.923 mmol) were added
to dimethyl sulfoxide (2 mi)and the mixture was stirred in an oil
bath at 35°C for 19 hours. After concentrating the mixture, a
mixed selution of ethanol and water (ethanol : water, 9:1) (60 mL)
and triethylamine {2 mL)} were added to the concentrate, and the
mixture was heated under reflux for 2 hours. The reaction mixture
was concentrated under reduced pressure, and the concentrate wag
dissolved in ethyl acetate (100 mL x 2}. The solution was washed
with 10% aqueous scolution of citric acid (100 mL), water (100 mL x
3}, and saturated aqueous solution of sodium chloride {100 mlL).
The organic layer was dried With anhydrous sodium sulfate, and
after filtration, the filtrate was concentrated under reduced
pressure. The concentrate was dissolved in concentrated
hydrochloric acid (10 wL} in an ice bath, and the mixture was
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(111, g, J -7.1 Hz),7.25- [0608] 10 [Reference
Exanpl e 951! tert-Butl1l(3.9)-3-[tert-bnethl-4-
nmet hyl- 5- oxo- 1- [ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3-car bo

xylate [0609] cfo--cy O A PhPh
154

stirred at room temperature for 30 minutes. The reaction mixture
was washed with chloroform (100 mL x 4}, and to the aqueous layer
was added 10 mol/l agueous solution of sodium hydroxide to pH 12
in an ice bath, and hydrochloric acid was added to adjust the pH
to 7.4. The solution was extracted with chloroform (150 mL x 3),
and the organic layer was dried with anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under reduced
pressure, and the concentrate was purified by recrystallization

from ethanol. The crystals were dried to obtain 165 mg

(52%) of

the title compound {from isomer A of substituent at position 7) as

a pale yellow powder.
-[0591]
mp: 160-163°C.

‘H-NMR (400 MHz, ¢.1N NaOD)$ ppm: 1.38 (3H, &, J = 2.5 Hz),
1.48 (1H, m), 1.50-1.62 (1H, m), 3.44 (1H, &, J = 10.3 Hz),
(1H, dd, T =

(34, s), 3.68-3.80 (2H, m), 24.00-4.05 (1H, m), 4.29
40.0, 13.5 Hz), 4.82-4.87 (14, m), 5.03 (1H, dd, J =
7.69 {1H, d, J = 14.2 Hz), 8.41 (1H, &, J = 2.9 Hz).
Elementary analysis for CisHoF3N30,°0.25H0:
Calculated: C, 54.87; H, 4.97; F, 13.70; N, 10.10.
Pound: C, 54.71; H, 4.98; P, 13.54; N, 10.09.
IR (ATR})v: 3386, 2972, 2881, 1722, 1624, 1518, 1452,
1279, 1223, 1190, 1149, 1i22 om™*.
[0592]
[Example 26]

65.7,

1373,

1.406-~
3.59

4.7 Hz),

1325,

7-[(3R) -3-Amino-4-fluoro-3-methylpyrrelidin-l-vl]l -6-fluoro-1-

[{1R,28) -2-fluoro-1l-cyclopropyl] -8-methoxy-1,4-dihydro-4-

oxoguinoline-3-carboxylic acid
[0593]

FMe NHBoc F COOBF,

?* E . I .
N F E F—¢ N
H OMe E - OMe F

[0584]
{3R) -3- (Lert-butoxycarbonylamine} -4-fluocro-3-

methylpyrrolidine isomer B{182 mg, 0.833 mmecl), 6,7-diflucro-1-
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15 [ 0610] To a solution of tert-butyl
(38)-3-{[tert-butyl (dinethyl) silyloxy]
nmet hyl } - 5- oxo- 1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3-
carboxylate (8.65 g, 19.9 mmol) and i odonet hane (1.37
m., 21.9 20 mmol) in tetraygdrofuran (173 nL), [ithium
bistrinmethylsilyl amde (21.9 niL, 21.9 mol, 1M
solution in tetrahydrofuran) was added in an ice bath,
and the m xture was stirred at the same tenperature
(1R, 39r- B0 Worat és CYFeopFrpydadt meihaix t bir &; didutdncatted
oxoquaqmamms3sabubo3plbé b dhfthbooboaeor 3ffnpllek asl mg,

0.863 afgﬁeiﬂg and Ebgeawiafm:ﬁzé&ow?iz;efﬁ%raft@ﬁ dih %E)é'
dlssofveic% in d(.L ? sufgoque (% %E éé{ %ﬁ“%‘%l %gs

satula agueous sol'dti o
stirrq@o@ sp) oidnbablkizd 34 f?hfaﬁhwrm@r%odﬁﬁh% Wangentrating

the miAfthere,t Bemfikedraolwmon lnd eithenal eand swagmc dethated

water undan eduag;i @SSt hyaleihBe (5 el dugMmasdaedl, f hAdche

mlxtu%/ w%.' | ’n%ét@ ﬁ&é#%ﬁ'ﬁ’ Srogr (elrﬂé' anggltgry mixture
: acet o obt al n

was confsprtgre h‘é*x‘??‘fllée‘ﬁ’cﬁ?goé’ﬁﬁsf‘éﬁgl b e TSR vas

dissolg@dorinesshyl | oakiint i, mL0g13) . aBD tif@lSNARte%owas

washedvhiz thCDCE 33 Gueppms hlQG iEBHefSEi t i DG dRH, (190, m@) 88water
(100m (GOH) ,Shndlsddutdda dqubons’=81HEion ]oﬁ%dcﬁﬂm shioti&d (100

) ﬁg ofpari ety By E5750 fhiy Rpayolsy E@w)sﬁ%%ﬁ

and aftey faatrgtm:@, fheg’ f@ EFpresvas ?c_aﬂq:erﬂ:raj: ugd RE) T reduced
pressufed7 THaH capcehtrareowas)digsalaer 36 CoRcenfransl (EST)
hydrodiiarid48c{dttio nf10612hd] BatenenterdExanplse i%ekd at room
tempe::ra%m:e BE'&i‘ | 3& ?{@mr;tﬁy d;’rﬂ)rféé nie%almﬁllo@l gig%{g%%e Fvg?%él@eci V{Gl(t%iR)
enlorqrgien, 2@ iy kRO Okhe ?%Lﬁ%sutlﬁy A58 Rprad o

mol/1 W?PBﬁyTO%gHﬁ’HIQf SOdlU.m hydrox1de td 12 in "art ice bath,

and hyflrpehhytid-axdigl als( 2Rped- phenlyd esdilyit]lpw tol rdiimet JekarpH
to 7.ab0xphaten 103163 QasSefSﬂré.'&'ﬁéé Wids ¢h36eb¥6fmi M50 mL x 3),

and th %&gs%ﬁé ﬁw(aéodmt)ed 9 Sfﬂflﬁ@nﬂé' AWARALYB Fate.
tion in

After Fé#Fsﬁ%? Frystalanbes Cetcaiaedcth BRarEerRinass

pressurge [Fith COPRENRDARE x¥AF WS 166 PE’eHe‘EFY?‘ﬂ%UsJaﬁ?é‘-lon from

ethanollenped athi erfyetal sheare Afied wolwweMedatcedgprhesure to

obtainMhé W@, (S1B)UIcH @Heafiie0d Sc&RbdiiidN febmaiEBREYNE of
subsgtituent at position 7) as a pale yellow powder.

[0595]
mp: 206-208°C.
‘H-NMR (400 MHz, 0.1N NaOD)® ppm: 1.29 (3H, br =), 1.57-1.74 (2H,
m), 3.37 (1H, 4, J = 9.8 Hz), 3.56-3.67 (1H, m), 3.60 (3H, s),
3.83 (1H, 4, J = 10.0 Hz), 4.08 (1H, q, J = 6.3 Hz), 4.34 (1H, 44,
J = 43.3, 13.1 Hz), 4.77-4.84 (1H, w), 4.93 (1H, 4dd, J = 52.7,
10.0, 3.2 Hz), 7.68 (1H, 4, J = 14.5 Hz), 8.50 (1H, s).
Elementary analysis foxr CigHypFsN3Oa: :

Calculated: ¢, 55.47; H, 4.90; F, 13.85; N, 10.21.

Found: C, 55.29; H, 4.86; F, 13.99; N, 10.33.
IR (ATR)v: 3373, 3300, 3074, 2979, 2881, 2837, 1709, 1620, 1510,
1435, 1378, 1338, 1313, 1269, 1225, 1186, 1130 cm™". '

[05396]
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chloride (200 nm.) was added, and the m xture was
extracted with ethyl acetate (200 nL x 2). The organic
| ayer was washed with saturated aqueous sol ution of
sodi um chl oride (100 nL), and dried 25 wi th anhydrous
sodiumsul fate. After filttggion, the filtrate was
concentrated under reduced pressure. The concentrate
was purified by silica gel colum chr omat ogr aphy
(el usion by hexane : ethyl acetate = 3:11:2) to obtain
[Examplg72¢l (67% of the title conpound as a white solid.
7- { (3R] 0615 inbH4NER16AO O3 Nirdzt, hQROAR S 1gpne - 1- Bl {6Hf1uwbrod 1 -
[ (1R, 237 @ i‘k&orcﬂ-ﬁ%yé%bréﬁylﬂ—%e(t@iﬂl d, 4Jathyado H2) ,

(ZH dd, J = 19.0, 10.5 FE)
oxoquing BoxyAics 288r ¢ Hz). 3.89 (1H, dd, J =

=117 =

[05971110 5.9 Hz), 5.48 (1H, q, J =7.2 H), 7.27-7.36
(5H m. 161 M5 (ESI) miz: 334 (MrH)*. [0616]
[ Ref erence Exanple 971 tert-Butyl

«(SR 3 fluoro t hyl-4-met hyl-5- oonl [ (1R - %?
988 ne- 3- car boxyl a [ 0618]

OTer*t R: ! —
ﬁ(35) 3- hydfoxymet hy1- 4- met hy1- 5- -1ML(1£? -1-
phenyl et hyl'] gw¥ ol i di ne- 3- car bayytat e ( g, 5.10

mmol ) was di ssol ved in dichlor orfet hane (20 n:). To
[0594 his solution, toluene (20 nL) was added, and

('}I et hyl am nosul f ur trifluaride Sl 68 nL, 12.8 mmol)

weR adaddedF oW S T RaIYIeE Y At - AFERTOS T rr ng at
nethy 1%y 800 iffdnegihones A s aded lagdewusl sol witTvH fgoro-1-

[ (1R, ZDdianpiydnegeagal daradel 1(-30 mathydas, addtsd dwe tahe
oxoqufrﬁﬁQLtﬂeQ@ %%BH&%ll@%ltcf'e— @1@1\:&6@019@:?01@)@6%&3 (Q)Z[B mg,
121 G 258 PSP 2ol Bee” DPRL ol S s scolvea
in Sujcffﬂlémede(2(m©b hi)an grid dﬂté?da\‘m 2h %nWG@F@ @éHFBFﬁ was
stirregl|ficat €64Ahters 20 Afitetrr aphoanttéaeind |theamdxiyase, a mixed
solut ANeaNkitakagdl unaervdeduced hphessureatdhne cancemsor ate¢ and
triet Sanﬁta%n E%i. '@@r@yacﬁiéa 0 98k eeﬁmm@@f Q@ e@hlybath
sol utlon exane ¥ @C tate . a%g
at 90%nt apf) bhm%wr@sgfe% SEECTRS 1913 aaﬁlffa&ﬁd taerpal e
concenfAtdfdotrhy SedRt ko dixmresoper Yefugae EKFFSLe, the
residu@D@E3) Bippnivdd 1lih (1Yl dcedate7 (BOHML .237 (aglﬂl,thd,
solutibir- WBeSwhhed Iwth (1321 agfhecds=sd1dt 1) .02 .Axrd cA428chidH (100
ml) , n%%ESB(gZS(%ﬂJx ir ‘%n %%t%g?%bd éq&%%é?tgblﬂﬁion o sodlum
cnlorids {100 752 g fef n%Cz%ﬁ}?@%ﬂ%ﬁrl@ﬁ‘ S ey
sodiumspl £3886. (qm@ﬁqfter filtration, the flltrate was
concentrated under reduced pressure, and the residue was purified
by short silica gel column chromatography (elusion by chloroform :
methanol, 49:1 ~—» 9:1). The residue was dissolved in hydrochloric
acid (20 mL), and the solution was stirred at room temperature for
30 minutes, and the washed with chloroform (100 ml x 5). To the
aqueous layer, 10 mol/l aqueous solution of sodium hydroxide was
added to pH 12 in an ice bath, and hydrochloric acid was added to
adjust the pH to 7.4. The solution was extracted with chloroform
{150 mI, x 4), and the organic layer was dried with anhydrous
sodium sulfate. After the filtration, the filtrate was
concentrated under reduced pressure, and the concentrate was
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[0620] [ Reference Exanple 981

(3R) - 3- Fl uoronet hyl- 4- net hyl- 5- oxo-1-[ (1R) - 1-

phenyl et hyl ] pyrrolidi ne-3-carboxylic acid 35[0621]

162 [0622] To a solution of tert-butyl

(3R)-3-fl uoronet hyl-4-net sl 5- 5

0x0- 1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3- car boxyl at e

(910 ng, 2.71 nmol) in dichloronethane (9 ni),

trifluoroacetic_acid (9 nL) was added dropwi se in an
purifieqd aiecrywdathézatirigdhstderfled2ad i Rrystals were
driedtemnper atadivectiopr8ssar sto Afltterinc@8cenngatdig dthehe title

compoli@@Cl i@ Te¥hbi-ea UBE esubRAUERATPEESPHEEr i SralYr Alked pale

yellov? sol ution of sodium 10 hydr ogencar bonate (20
k; was ‘added to the concentrate in an ice bath, and

[0599( he aqueous sol ution was washed w th diethyl et her (50
mp: 2H5y21TCt he aqueous | ayer was added 1 npl/1
1H xMrhydoechhel i €. a¢inhdD) sPhbR: t @ .30i-n.88 ice, bath,1.and (khe 4,
= 2570|H4zt)' O'in‘lé’ﬁslleé’g@fﬁe%w tzhs‘ih'(t@ﬁOfQ mi(ﬁl?ptqjl-l ; 2)eJu= 9.8
so4l ut |lglﬁ g?i Sggl um chl ori’ g; g[(ZYOOEm%S? FJJglén’d dgrl%gd a0t ﬁ Hz)
4. 05 Sy dritBusme odf il stiEatdd. aft &r 491 Pt r B i%on,3 tzhgz)' 4.80~
4.85 f{iH,t mates5wa3 (uhcehid,atfed 6AdEr Peduckd pfze}ssur.éﬂ The, d,
J = 140031@&0”@1;@5%@{@@0@ Qpiscal ky) di stidl I eg by addi n@lt
educed pressure to
Eleme‘k% Qﬁsﬁﬁ %ﬂ%%mﬁfﬁﬁgﬁﬁ% [Ee 20 tlltol e conpound
caleglageqh; e €400 MHz, CDC13)8
Founépmcrl.%S(lBI—E“l d4- %9 N 4042 . 1. 55 (3H, d, J =71
IR (ATHZ): 23 ,(1BDbb7,q2990F Josh Ho)g7d3. 3528, 506{R1-1509) ,1508,
1456, ‘14&8 (ib"i9dd126}7—1%57’ 1953, Hii464cﬂl (11ff, dd, J =

{0600 . 5.50 25(111, 'q, J = 7.1 Hz), 7.26-7.37
n% %i06 ] [Reference Exanple 99]
[Refer )a § fRer€ toxycar bonyl ani no) - 3- f}l uor onet hy1- 4- net
: ih ohyt { by 30

phenylh@ﬁ?S]pff&ﬁiﬂdﬁﬂé}3aca®bukymﬁt@f
(osc1{3R) - 3-fluoronet hyl-4-nethyl-5-oxo-1-[(1R)-

oﬂqj} 0k “——’04:&:“{%
- Ao

{os02]

To a solution of tert-butyl 5-oxo-1-{(1R}-1-
phenylethyl]pyrrolidine-B—carboxylate {4.00 g, 13.8 mmeol) in N,N-
dimethylformamide (40 mL), paraformaldehyde (0.830 g, 27.7 mmol)
and sodium hydride (0.600 g, 55% in oil, 13.8 mmol) were added at
room temperature, and the wmixture was stirred at the same
temperature for 30 minutes. To the reaction mixture, 10% agueous
solution of citric acid (150 ml) was added in an ice bath, and the
solution was extracted with ethyl acetate (300 mL x 2}. The
organic layer was washed with water (100 mk x 2) and saturated
aqueous solution of sodium chloride (100 mL), and dried with
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1- phenyl et hyl ] pyrrolidi ne-3-carboxylic acid (910 ny,
2.71 mol) in acetonitrile (20 nL),
1,1 -carbonyl bis-1H i m dazol e (659 ng, 4.07 nmol) was
added, and the m xture was stirred for 20 m nutes.
Ammoni a gas was bubbled insg the reaction m xture for
1.5 hours, 10 and the solution was concentrated under
reduced pressure. Water (50 nL) was added to the
concentrate, and the m xture was extracted with
anhydepi o rS510d (Sﬂéééaﬁ% x Ay erThae of hHinat doay e Fhfasl WesHer was
concenitdtesiatmdat-etdedgued u;s:mmreh oandf tsedrasmdia ersdpurified.

by s:.](:ic]c%) g@};) Ff@ﬁﬂndéh%é&! t Q‘EQH§1§@Q§}H rHeSéé{nfeat- €ethyl

i a ra ce
aceta t(ﬁ'(der 3 &t id) otr é’%)ﬁf"é Jrh {:%n%lya %\%8 BLEfe Compound
as a whider Sgdidal |y distilled by adding tol uene (20 niL),

[06033dnd dri ed under reduced pressure to obtain 800 ny
g-NMR( QUaBt M AL |R)1,05 She criugse ps@dupe '1” sthesfiorm of = 7.3
Hz}, za'Eod%ﬁS a cgloriﬁs}q H%' ! yzsg?s‘iﬁﬁ‘cedd 0627k 40 %"h%,
2,78 GE0SNS, ORI ¢ CNR S AT B Y

= 103526122 33’ §2161Hm :4J52 @11&: ?jaB Iirz): 3170, (@)Hv gy J =
11.2, 4.64E¢1H 5dsl1 (s ZQ T, =9772H23) , 51 51284, (dH, JmF.

Ms (EST)- fh/EW) 30 Xfufdid, g, J = 7.0 He), 7.26-7.41 (514,
[ 0628] 25To a solution of the crude product in the

[0604 rmof an am d]e (800 ng, 2.71 mml) in tert-butyl
IRefer&P&ShﬁT‘ar(‘liJfF nsf_") | ead tetraacetate (2. 40 g, 5.42 mol)
tert-Bua¥ladaey- L) @impgishw ) (v liceryhnmethy bat hr oxo-

[(1R&P18ﬁﬁeﬁﬂet3ﬁ/3mmﬁldﬂﬁé€$ @Ai-mm@tteo cool, sodium
[ogoshydrogencarbonate (2.5 g) and di et hyl et her (20 m.) 30
were added to the reaction m xture, and the m xture
was stirred in an ice bath for 30 m nutes. The
i nsol ubl e content was rem)ved filtration through

ce , and filtrate and theg utlon used for: the
ﬁg ¥ng,were conbi ned and hed wi th saturated
o="aque ol utoes- of sogg.f‘% dr ogencar bonate (50 ni)
d saturated aqueou n of sodium chl oride
ghmL) . The organi c r vvas dr| ed 164 with
anhydr ous magnesi um su and after filtration, the
filtrate was concentr at ed under reduced pressure. The
[ososFoncentrate was purified by silica gel colum

o _%&”é"@l‘%&gghﬂh&(ﬁéyé'ﬂ&@y @Sa%igd@%% égﬁt I%i Fjé{o 1-

AR O S RECNIR (300 Y. ™ol)
and J.m(m%yeg Ep3 ©.188(3Hmel) }n:N;l\&dp.@}athxl rqagrp,dq:,)(lso
mL) , tdrSyt3dl didethyEs716L H)lLo2Adel-(2..68 GlH31n) ,mmol) was
added Bn 11 (3.Lc%4b(”:hliﬁ Hhd Shehibdblbe %slgzméaégdzat Tecthat2)
temperz;il% fl(?gl' 4ng9u£8 84I709%ﬂile rjaa}é%}_gra Jl}ﬂ:ure( a_‘liu#;tﬁ%é
aquecus sejlurign Of1pmmppiug EEeride ﬂﬁ@f}ew%hc‘éa%@a%ﬁﬁde ifogp ice
bath, {18%)tl8 (tisrttuwrBuwesyeat bomygdmitd) -B-fthydebhetrhyi10d-mietx 2) .
The ordBnb-cl-ilaftR) waslbadn@bhemdetyllpysbol hdioe) and saturated
agueous solution of sodium chloride (200 mL}, and dried with
anhydrous magnesium sulfate. After filtration, the filtrate was
concentrated under reduced pressure, and the residue was purified
by silica gel column chromatography {elusion by hexane : ethyl
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[ 0631] [0632] 20To a sol ution of

(35)-3-(tert-but oxycarbonyl am no) - 3-

fl uoronet hyl-4- net hyl-5- oxo-1-[ (1R) - 1- phenyl et hyl ] pyrr

olidine (485 ng, 1.38 mmol ) in tetrahydrofuran (10

m.), 1.00M solution of borgywe in tetrahydrofuran (4.57

m., 4.57 mmol) was added in an ice bath, and the

m xture was stirred at roomtenperature for 15 hours.

25 After concentrating the reaction m xture under
acetatedutedl predsl) efo veltterin( 7.8B) g €Thanoif (thent)itlandompound
as a toletwdsariing elbstinyere added in an ice bath, and

[060??9 m xture was heateg under ref lux for 1.5 hourz
er concentr ting t e react on mi xt r reduce
“H-NME, ?ﬂ %@ ed! a d%ghggﬁr breg 8 (om,
s}, 1w b‘%&rréétfeé 58 mh cém%mf?oﬂnﬁ@ioozwx(lﬁ dvhéf 17.1
Hz), dryaniici,| dyed was7washed W.t8 Jaturddeds aguegols 10.1 Hz),
3.68 $PUtdon ot sadium chiofi de @b0Qial) g, and- driedizw,th. 25-
7 35 ?ﬁF drous sodiumsul fate. After the ?iltration t he

te was concentrated under reduced pressure, and
(06041he reS|due was purified by silica gel colum
[Referenemdeapraph§s] el usi on by hexane : 165 et hyl
tert-Rogtiat@s) 12-{ [térds Hl.)t}t]D (@hina@ithy350s by I A5 mefchihé-4-
methy?ld]BLITPQURH- ASy 493 kbhéﬂ?@lﬁ%&m&%é%

{060'-), 1.32 (311, "4, 536.6 M), 1 a1 (011 s}, 2. 11
(111, t, J = 8.5 Hz), 2.19-2.29 (111, n), 2.38 (1H
dd, J10. 1, 4.5 Hz), 2.84 (111, d, J . 10.3 Hz), 3.16
(111, t ='8.1 Hz), 3.25 (111 J = 6.5 Hz), 4.54
(211,08\\3 = 48.3 Hz), 4.65 4%, s), 7.19-7.31 (511,
. S(ESI) nfz: 337 ( ;é30[0634] [ Ref erence
01]
- 3-(t\ert - But oxycar b8ay n1%o - 3-fl uoronet hyl- 4-

¥l pyrrolidine [0635],.,15‘3h

[0510]

To a solution of tert-butyl (38)-3-{[tert-butyl (dimethyl)
silyloxy] methyl}-5-oxo-1-[{1R)-1-phenylethyl]pyrrolidine-3-
carboxylate (8.65 g, 192.92 mmol) and iodomethane (1.37 mL, 21.9
mmol) in tetrahydrofuran (173 mi), lithium bistrimethylsilyl amide
(21.9 ml:;, 21.9 mmeol, 1M solution in tetrahydrofuran) was added in
an ice bath, and the mixture was stirred at the same temperature
for 30 minutes. To the reaction mixture, saturated aqueous
golution of ammonium chloride {300 ml) was added, and the mixture
was extracted with ethyl acetate (300 mL x 2). The organic layer
was washed with saturated aqueous solution of sodium chloride {200
mL), and dried with anhydrous sodium sulfate. After the filtration,
the filtrate was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography (elusion
by hexane : ethyl acetate, 7:1 — 1:1}) to obtain 3.72 g (42%) of
the title compound {single component) as a colorless oily
substance.

[0611]
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[0636] To a solution of

(35)-3-(tert-but oxycarbonyl am no) - 3-

fl uoronet hyl-4-nethyl-1-[ (1R)- 1- phenyl et hyl ] pyrrolidin

e (200 ng, 20 0.594 mmol) in ethanol (12 nL) was added

10% pal | adi um car bon cat al yg§ (containing 52. 8% wat er,

200 ng), and the suspension was stirred in an oil bath

at 40C for 2 hours in hydrogen gas atnosphere. After

renoving the catalyst by filtration, the solvent was
'H-NMR e fbV@MHry  dIDSHE]3 ation an@sr (3Bdusked Qrasssidie ©b, 0.88 (SH,
s), 1ohma|(1m,15cD 25 =2y .GqHant i 1 a18 vedH ,ofs )t he. Bll.u(iRHIId,I & = 7.1

Hz), S$09POYR4, 3<§ g whit g sghids b@ﬁm JCHN‘VR(;&)O )

a 3 %%ﬁ s 30k Hg, & 28 £33 %96%6?

9.5 H8?245(4.l711(1%d q g I2782 Hiﬂj)r 37% 723§, (ara TB)F 11. 0,

MS (ESIL h3; 44B4(¥PEN'. d, J = 3047.3 Hz), 4.74 (11-1, s).

[061£0638] [Exanple 281

[Refef %&f%xa%l 3-fl uoronet hyl- 4- et hyl pyrrol idin-1-y1
0]

tert

phenyl@mngﬂ]pyrnqggd@ne 3 carboxylate
[061:5]( 35)-3-(t ert - but oxycar bonyl am no) - 3-f| uor onet hy1- 4-
nmet hyl pyrrolidine (150 ng, 0.594 mmol),
6, 7-di fluoro-1-[ (1R, 2S) - 2-

A «SI\ ‘ I{i%

Ph

[0614]
Tert-butyl (3S)-3-{[tert-butyl (dimethyl) silyloxy] methyl}-

4-methyl-5-oxo-1-[(1R) -1-phenylethyl]pyrrolidine-3-carboxylate
(3.72 g, 8.31 mmol) was dissolved in tetrahydrofuran (70 mL), and
tetrabutylammonium fluoride {(12.5 mi, 1.0 mol/l solution in
tetrahydrofuran, 12.5 mmol)} was added dropwise in an ice bath. The
mixture was stirred at the same temperature for 1 hour. After
concentrating the mixture, saturated agqueous solution of ammonium
chloride (200 mL} was added, and the mixture was extracted with
ethyl acetate (200 mL x 2). The organic layer was washed with
saturated agqueous solution of sodium chloride (100 mL}, and dried
with anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure. The concentrate was purified
by silica gel column chromatography (elusion by hexane : ethyl
acetate = 3:1 = 1:2) to abtain 1.87 g (67%) of the title compound
as a white solid.

[0615]
M-NMR (400 MHz, CDC1:)§ ppm:
s), 1.52 (3H, d, J = 7.1 Hz),
1%.0, 10.5 Hz), 3.57 (1H, 44,
11.0, 5.9 Hz), 5.48 {(1H, g, J

.18 (3H, d, J = 7.6 Hz), 1.32 (9H,
.43-2.49 (2H, m}, 3.30 (2H, dd, J =
= 11.1, 6.7 Hz}, 3.89 (lH, 4d, J
7.2 Hz), 7.27-7.36 (5H, m).

oo H
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fluoro-1-cycl opropyl] - 8- net hoxy- 1, 4- di hydr o- 4- oxoqui no
line-3- carboxylic acid - difluoroboron conplex (214
ng, 0.594 mmol), and triethylamne (0.0994 niL, 0.713
nmmol ) were dissolved in dinmethyl 10 sulf oxide (2 nL),
and the m xture was stirretglin an oil bath at 35C for
15 hours. After concentrating the mxture, a m xed
sol ution of ethanol and water (ethanol : water, 9:1)
éll gk% and trlethylan1ne (0.5 nm.) were added to t he
S (BEbhcBMt 7 afd? &ftHthe nixture was heated under ref |ux
[0616br 2 hours. The reaction nixture 15 was concentr at ed

[Refevafes meduaedopressure, and the concentrate was

tert- §ﬁ£§9' §§%'3”f§hB B 868
hen 1 Dy ;, v A 00 nL x 3), and

[Oslghturated aqueous solutlon of sodium chloride (100
m.). The organic |ayer was dried with anhydrous sodi um
20 sulfate, and after filtration, the filtrate was

I\_ﬂ%on rat ed under uc (yressure The concentrate
d(ssolved in con d hydrochl oric acid (10

after gtirr] utlon at room
te erat re for 30|ﬂ reacti on m xture was

d with chlorofor OO nL x 4). To the aqueous
| ayer was added 10 nol/1 55 aqueous sol ution of sodi um
(0614 ydroxide to pH 12 in an ice bath, and hydrochloric
cid was added to adjust the pHto 7.4. The sol ution
i teiEadt 635 i 3 v oefmﬁéhwﬁti's@emy%%)o;waﬁd [{HR) -1~
phenyl@atdgarli] pylray eidivas- Thdeadbowyilhtankydvous, sodiounmsil) f ede.
dissolAfdeeriaf Hh&h@éi’@ﬁhtﬂ&ﬁ‘% fzlot M@ e Was tgarcaBthei 84, Wlitlene

(20 nﬂhe%%%egd Sssg&fci #ﬁ %ﬁBEP%ESr39rW@ﬁKRH%Ef'?dGQVmL
r,o ano

t t
12.8 Myl éﬁaa%d@'é?%ofﬁ%%ﬁ%ﬁe%u?s Lo dho fhe Gl P St b

60°C fphesthours copforaticdsadupale selipwpodderdif@®641] np:
hydrogkGifalb0fate 1660 M) NMRs( 400eliHze Ohd N-MNalRPB pprtute D7and
the mibdlike QasJextnﬁacg:e"ciZb Jstﬁ?i 3c80a€d 100y, % 89- 1.62
organl% HSYE%)WQ% lééégmg?l%atu z%gz%ﬁ?%?ﬁ% g%%%éogz €1i$d1um
chlorige j100gmi) ‘Hﬂn srged yi§h YOroys Ss)di_‘l&lj‘n sylEpta. gRfter
flltragiﬁn nyhe4fzmpqug1yasdcoucenMﬂaEpdtgndq; Gedpbell dregdsure.
The co%ﬁeﬁti:liﬁe ﬁa@ﬂ:l’(eblburdfi;dd—bﬁ?sﬁl? ged. %Eégﬂl}ﬂgde%g_
chromato SRR HakYRL S b a ii
obtaince§g§% 'QGCE % it§% c?éﬁ%&ﬁ. ﬁs 6 5§l§ Eekkgw 01ly
SUbStaPESf) niz. 426 (NMFD+ IR (ATR)V: 2962, 2939, 2877,
[06191716, 1622, 1514, 1452, 1441, 1363, 1327, 1273, 1184,

g-nMr 1{&26b 6z, ¢DC15)6 ppm: 1.17 (3H, &, J = 7.6 Hz), 1.37 (oH,
d, J = 0.5 Hz), 1.54 (34, 4, J = 7.1 Hz), 2.35-2.42 (1H, w), 3.37

(2H, t, J = 12.1 Hz), 4.33 (14, dd, J 46.9, 9.2 Hz), 4.65 (1H,

dd, J = 46.8, 9.1 Hz}, 5.48 (1H, q, J = 7.2 Hz), 7.25-7.37 (5H,

m) .MS (EST) m/z: 336 (M+H)'.
[a620]
[Reference Example 98]
(3R) -3-Fluoromethyl-4-methyl-5-oxo-1-[(1R)-1-
phenylethyllpyrrolidine-3-carboxylic acid
[oez21}
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[0642] [ Exanple 29] 15
7-1(75)-7- Am no- 7- met hyl- 5- azaspi ro[ 2. 4] hept an-5-y1] -1

-[ (1R, 2S) - 2- .
fl uorocycl opropyl] - 8- net hyl - 1, 4- di hydr o- 4- oxoqui nol i ne
-3- carboxylic acid [064B2 20 [ 0644] A

m xt ure of
(78)-7-(tert-but oxycarbonyl am no)-7-met hyl-5-
azaspi ro[ 2. 4] heptane (523 ng, 2.31 mmmol),
7-fluoro-1-[ (1R 29)-2-

fl uorocycl opropyl] - 8- net hyl - 1, 4- di hydr o- 4- oxqu|noI|ne

5 car boxyl ic aci ¢e(538 ®y, 1.927 nmol),
ﬁ ne (0.537 mL)y-885 mol ), and di et hyl
ul

——=was Hn nitrogen atnosphere in
aH 0|I th at 7SC for 5Ndays and in an oil bath at
for 2 days. To the tion mxture was added 10%

aqueous solution of citric acid (10 nL), and the
[062aM Xture was extracted 30 W|th ethyl acetate (50 ni).

e DTQaNLG Layer c yas. Wi Ak 2% ey -5-
ox0- 1n€§le atur eh agﬁ%ﬁys SO ut: onS EF?H%Q iﬁeo(rgﬂrgz%%z 71

mmol) fin tcina:thl@nfomﬁﬁbanﬁl t% @l \wagifdnecnerated asider(® mb) was
added raxhisecdiepiasaur gce Thetlr esinduehwamiptntd iwk Bristrbdcat room

tempe:%duﬁaolf@)'fn 3ChEQPBt O%E%Echoﬁ@tgnéﬁéﬂilfga el reagtgan mlxture

under e}.l'el'ld.S % e%g{lor Pfsor rPncat % L9 F)Loxéms Lgi:?itor}la %l 8
0oam puritie

a pa
hydroqﬁé}qaahorlaam E%Pufazl/\d?sdﬁéi%ﬁvéa Fﬂecﬁ%‘é?ﬂﬁrétté’dln an“ice
bath, ydl ddkl enirecusi g8 v wats weshedewpeh aligtdylanter (50
ml) . &bt ehel 4GNSHeS NiaRG Resr e8dkd | Nonalsi ding/dZoaRUesUS acid to
pH 2 t3Plutl hOB.nU%ngé% hYaq{cP‘?tﬁhle%bﬁué‘%H Hds %}&%&%@h%kh

funne olutio e oro or
enlorqf W p1phoniiik ) S doBREi Y Thieh Tf%hégueiﬁ}é
saturad@ eayROBE SoHrtIR AT Serdemt shprride 0(11%3 k)i cand dried
with apduyidroasdshgiiochlloibte -ack it st iddded ivo, adhestitthmbgsHwas
concedt@ated. ulB6r SBédiidaN pﬁ.@&saxzer acgred d&nfcﬁnarﬁté efhs

azeotx%gl%gﬁﬁ?roél é ?c?rlﬂff %'fi@lﬂ t 2(‘ %&')Or 9}1 Ftied
°

an ovver
under FECUARd boSsThen o GREART 1b0 HBtol oSl VETdR Of the
title compguBforma Wettmamsilid-water, 7:3:1) (100 ni..). The
[0623Brganic | ayer was dried with anhydr ous sodium sul fate,
1H maawo@fm fddchr s 195, therdi |4 ate wAS goncapyrat ad (m

Th fi 15
i i 19 AN 2003,

m’ethanol -i so n
i) (e by ek it L at oy Thom pthaolh Sobf
(1H, dprdssufel tizlobti2a®-3327ng5K2 B eps, 42% of the title
[oez4]conpound as a pale yell ow powder. [0645] np: 157-159C.

{Refergg[:@ ﬁ%ﬂe —99%44 2 (C = 0.197, 0.1IN NaOH) 1H NMR (400
. 0. ,
(38)-3~ ri{sBu i1

HlR)*\TPhewiefah&rlﬂpvrmlmiwen), 2.42 (3H, s). 3.14 (1H d,
J = 9.8 H), 3.35 (1H, d, J = 9.6 Hz), 3.65 (1H, d. J
= 9.6 Hz), 3.89 (1H, d, J = 9.8 Hz), 4.04- 254.09 (1H,
n), 4.93 -5.11 (1H n), 7.06 (1H, d, J = 9.1 Hz), 7.99
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(1H, d, J = 9.1 Hz), 8.45 (1H, d, J = 2.9 Hz).
El enentary analysis for C211124FN3031. 25H20:
Calculated: C, 61.83; H, 6.55; F, 4.661 N, 10. 30.
Found: C, 61.65; H 6.30; F, 4.77; N, 9.88. 30 M5
(FAB) mz: 386 (MtH)+. IR168TR)v: 1718, 1608, 1572,
1508, 1460, 1429, 1390, 1358, 1317, 1279, 1259, 1196
cml. [0646] [Exanple 30] 35
7-[(73)-7-Am no-7-net hyl-5-azaspiro[ 2. 4] heptan-5-y1]-1
(06251 "¢ ¢l opropyl-8-nmeth 1-1,4-dih
dr o- 4- oxoqui nol i ne- 3- carbo lic acid [0647] [0648]
A nlﬁéure of
78 (tert-butoxycar
Mg e ane (524 ng% .
OF oro 8 nethyl 1957w ydr o- 4- oxoqui nol i ne- 3- car boxyl
,jg id (503 ng, 1.9 nnDI) triethylamne (0.537 m,
nnDI) and dlneth§I sulf oxide (6 nmL) was stirred
[oszén nltrogen at nosphere in an oil bath at 7SC for 5
d and in an_oil bath _at 85C for 2 days.
r%?a@t SORVEERP PR (R -édéé&om%tlaiﬁbedou%e%luﬁ 6’??001" [(1R)
1-phemytatihylapydr6l0dite mjgarodyllhe atkduf®lasy ext-7actedl) in
acetoitidilet hyb aAcel at g1 (- KA vHohy1bhE- @Hgﬁﬂi&ai@eer(mmg, 4.07

t h, nat
muol) Vﬁ%&%ﬁﬁg}%’ho éawﬁ f?;‘e (n:l:l%’%}rlex w%i ? f@nﬁ Llf%t ?3 ﬂ&&&%%
Ammonis, Axg, Yae sjtﬂ‘tfqat © 1P| tf”r%[ erhéL 5 Hours,
and the |&qlaltéoma§a%o¢fére¢ﬁnta%aé@duﬁaéﬁrr§%&%ﬁ ressurE . Fhaser
(50 miesiagueddas puriis etbrimentFasel i gad gehe col:umre was
extradd¥OREAIERPEYo£Sid | Cdodel, x10) J; ‘I@ieu%h@&n@&‘ layer was
washed Q*:L%rhOf %]E:g\!llcva*‘:(e)g hgfg{l%glgg r@ﬁ}ldﬁ&?xﬁ% go%§i.1a) cﬁ??f’},)&?opl@o mLl) ,
and dxded yLEAsBRETVS FIH WoRELATFat ol Hiydr SN BRT L0 e
filtrgt® whp aon¢owiratatander seduned apregsuneansTee réerraiaate
was adeesutbbiogl Beidh <t dAduedby adlifibg omolweree 22 0sepal, abodydried
under fﬂé&ﬂ%ledwpfé&m M&%watlh §blohax r eed G ragkd, okhehe

crude lp|;|:och1uc:e lI\{vat éNarsorm o\% tg.a %%0 oé:lﬁcgép Jg it %U.?J@ance

ueous ayer was a aqueous

[0627d¢ sodlun1hydrOX|de to pH 12.0 in an ice bath, and
1H -NMRhy4lo @ abH=r iapcag) & wwas: atdesdl {DHadjust =t I’TeépHizto Y.% (3H, 4,
= 7.Bhez30l gt 7on(vas @xtractemd wid)h & .Fexedisolgrntmpf 4252 (1H,

, g ¢hbergf osm angd el hanghy( chhoref.orgp 7 Met. haﬁ% 9: ilé

PREL Oy N B ﬁﬂ?ﬁf?@fit? AT e

[0523ﬁlltrate was concentrated under reduced pressure. The
Eonaeﬂmlwuxpnmmf e Birede byredorty sivalthiez bronof ramamide
(800 wgt hanet , it drd Q@r{anﬁatyxeéjy@@dﬁpr@%wm t 9eght ai n

tetraa g@agg g&asA’;{ 3% g@;tgfniao S&gg % ésl thgem%%g g% w&s

stlrre[iaanmns @il baé;él ar=280" Qlfpr @Olmlng %er allowing to
cool, sodium hydrogencarbonate (2 5 g} and dlethylether {20 mL)

were added to the reaction mixture, and the mixture was stirred in
an ice bath for 30 minutes. The insoluble content was removed by
filtration through celite, and filtrate and the solution used for
the washing were combined and washed with saturated aqueous
solution of sodium hydrogencarbconate (50 ml) and saturated agqueous
solution of sodium chloride (50 mL). The organic layer was dried

nyl am no) - 7- met hyl - 5azaspirof 2
P! ). 1-fluorocycl opropyl-7-
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1H NVR (400 MHz, 0.1N NaON)8 ppm 0.53 (211, m), 0.72

(2H, m, 0.79 (211, m, 1.08 (3H, s), 1.15 (111, m,

2.41 (3H, s), 3.35 (111, d, J = 10.0 Hz), 3.40 (111,

d J=29.6 H), 3.49 (1H d, J = 9.8 Hz), 3.57

(111, d, J = 9.8 Hz), 4.043g4 07 (1H, m), 7.01 (1H, d,

J =9.15H), 7.95 (1H, d, J = 9.1 Hz), 8.56 (1H, s).

El enentary anal ysis for C23%$25N3031. OEt OHO. 25H20:

Cal culated: C, 66.09; H, 7.60; N, 10.05_ Found: C,
with gghggroys mpgq@51Nm §91§@tewgngtg§yeﬁyfllgggt{qm4ﬂtpe
£11traOé Rvd ATdncen296432008er 285D cell/ bresE616, IS cohbeBfrate
was p&ﬂ@ﬁleéw 511328, g&35801dmd IhrbibdogldBhy C e tus {HH Y
hexan% [ n@}ﬁga&?%tﬁge PPidr orerRy 159- RRIAE AT 819 dPA®L-§h the
title C%‘“P‘?‘Eﬂﬂfc?s 5 W FFl’PP%B‘?-Z fluoro-1- cycl oro 1] 8- meth

[0623_]-1 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid

Ner{O@'fe)b] Mz, [6662])s ppm: 1.18 (3H, d, J = 7.4 Hz), 1.34 (9H,
s), 128{3 dlefts b#teo areoaxl §”‘7§‘021}$ foronRthy bad-1x, m),

3.39 élthy o(r)lolﬂ [(1%125 Zr:rg O-803, W0k 5 _ 473, 9.1 ma,
4.55 ﬂ%or*‘d :I 4oyl dpHopyd1-8-Trettnfr- 2 4- HehydP 02%- BBibqéindl =

7.1 Hene-B-23ar.BaexybHe arid - difluoroboron conplex (228

[063¢M, 0.661 mmol), and triethylamne (0.111 m, 0.795

[ ved in sul fol ane 25(08rr1) and the
[Refe@%é ﬁé%ngg ?885 in an oil ath at _35C for 8(1_ r(1w) -

iy b ySLg IO O e and vvater (et hanol : vvater
[06339 1) (5 rr1) and trlethyl amne (0.5 mM) were added, and
the m xture was stirred in an oil bath at 80C for 30
m nutes. The reaction systemwas 30 concentrated under
redwrced pressure Ft he concentrate was di ssolved in
) acet at e (1Urrfll>&&‘%% and washed with 10% aqueous
u'ﬁ of ¢jtri @ % 00mL), water (100 m x 2),
‘ saturat ed aqueaws sol ution of sodium chloride (100
;r:L)P The organic |ayer was dried with anhydrous sodium
sulftate, and the Ph : L

[0632]

To a solution of (38)-3-(tert-butoxycarbonylamino) -3-
fluoromethyl-4-methyl-5-oxo-1-[(1R)-1-phenylethyllpyrrolidine (485
mg, 1.38 mmol) in tetrahydrofuran (10 mL), 1.00M solution of
borane in tetrahydrofuran (4.57 mL, 4.57 mmol) was added in an ice
bath, and the mixture was stirred at room temperature for 15 hours.
After concentrating the reaction mixture under reduced pressure,
water (1 mL), ethanol (9 mL), and triethylamine (1 mlL) were added
in an ice bath, and the mixture was heated under reflux for 1.5
hours. After concentrating the reaction mixture under reduced
pressure, water (100 mL) was added, and the mixture was extracted
with chloroform (100 mL x 2). The organic layer was washed with
saturated aqueous solution of sodium chloride (100 mL), and dried
with anhydrous sodium sulfate. After the filtration, the filtrate
was concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography (elusion by hexane :
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35 solvent was renoved by distillation under reduced
pressure. The 171 residue was purified by short
silica gel colum chromatography (chloroform:
met hanol, 99:1 -* 4:1). The residue was dissolved in
concentrated hydrochloric s d (10 m) in an ice bath
and the solution was stirred at roomtenperature for
30 minutes. The 5 reaction solution was washed wth
chloroform (100 ni x 3), and to_the aqueous | ayer was
ethyl ARRIGLED AB1L1-aduddusosePEriBn3 2N R TBH hPlr BRE det ti
compoytdl & ian cahokrteshadhly andbsippaicechl ori ¢ aci d was added
[OGBiD adjust the pHto 7. 4 The sol uti on was extracted

gy NMR (4 cm{oroél[g m%égg a ighe organ|§§%3égr Yas, (am, 4,
n1éu th

J =6 %| b? %j’? 1Y G &E] %dér ‘%du?ew 2.23 (14,

m) , 2{%’%5@@'edd7|'h~é ¥ b0 due 4vds Hgdri £i- 84 bifH J = 10.3 Hz},

3.16 tagrystal Li gat it f romeet(hanoly, Jhe @rE;/Sizal,s4\A5|4e(2H a, J

= 48. sdrﬂzqd Wﬁ’j feduged pressurg texobspin 24.0 ng (0. 0558

thl e conmpound as a pale yellow
MSs (EéEngér rrp 200- 203C. 1H NVR (400 Mz, 0. 1N

E0534rl|aoo)8 ppm 1. 05 (3H, d, J = 6.9 Hz), 1.21- 1.33 (1H,
[Refergncel Egampldd, 1Qik], J = 25. 2, 7.6 Hz), 2.30-2.40 (1H,
-3@@té%tS&ué&k&céﬁbcﬁ&ﬁé&i@bl13—ﬁludréméihji—Hz), 3.48
methy by ‘EL:Ld:Ene .6 HZ), 203.54-3.61 (1H m, 3.94 (111,
[0635 -5, 1.5 Hz), 4.06-4.12 (1H, nm), 4.51 (2H, d,
= 47.4 Hz) 5.01 (1H, ddd, J =64.2, 9.1, 5.1 Hz),
769(111 d, J =145 Hz), 8.45 (1H d, J = 3.7 Hz).
El egent ary anal ysi s for C20H22R3N3030 . 25Et OHO . 5H20:
Me culated: C 44 27FH 5.74; N, 9.77. 25Found: C,
«NABocH, 5.74; N). ...Eﬁgocl\/S (ESI) mz: 410 (MrH) +. IR
R) v: 3499*-336 089, 2964, 2883, 1711, 1618,
08, 1468, 1435, 5356 1321, 1259, 1227, 1178, 1130
chwhl. [0654] 30 [Reference Exanple 102] Tertiary butyl
5- ox0- 1-[ (112) - 1- phenyl et hyl ] pyrrol i di ne- 3-
[oe3cfarboxylate [0655] 172
To a solution of (38)-3-(tert-butoxycarbonylaminc) -3-
fluoromethyl-4-methyl-1-[(1R)-1-phenylethyl]lpyrrolidine (200 mg,
0.594 mmol) in ethanol (12 mL) was added 10% palladium-carbon

. catalyst (containing 52.8% water, 200 mg), and the suspension was

stirred in an oil bath at 40°C for 2 hours in hydrogen gas
atmosphere. After removing the catalyst by filtration, the solvent
was removed by distillation under reduced pressure to obtain 150
mg (guantitative) of the crude title compound as a white solid.
[0637]
'H-NMR (400 MHz, CDCl3)d ppm: 1.06 (3H, 4, J = 6.9 Hz), 1.44 (9H,
s), 2.28 (1H, g, J = 7.4 Hz), 2.80 (1H, t, 0 = 10.0 Hz), 3.24 {(1H,
d, J =12.3 Hz), 3.32 (2H, 44, J = 11.0, 8.1 Hz), 4.54 (2H, 4, J =
47.3 Hz), 4.74 {1H, s).
[0638]
[Example 28]
7-1(38) -3~-Amino-3-fluoromethyl-4-methylpyrrolidin-1-yl] -6-fluoro-
1-[{1R,28)-2-fluoro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid
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[0656] To a suspension of
5-0x0-1-[ (1R) - 1- phenyl et hyl ] pyrrolidine-3- 5
carboxylic acid produced by the nmethod described in
Cul bertson T.P., Donmagala J.M, Nichols J.F., Priebe
S., and Skeean R W, J. Medigghem , 1987, 30, 1711-1715
(1165 g, 4.994 nol) in dichloronethane (10 L),
O-tertiary butyl-N N -diisopropylurea (3020 g, 15.00
nol ) was added at roomtenperature with stirring. 10
[063%%hen increase in the inner tenperature and starting of
ref luxing were noted, the reaction system was cool ed
in an ice bath. After cooling the reaction mxture to
roomtenperature, the mxture was stirred fof 1 hour
we AT LR8I remoyi ng the gggebath, and for aﬁ !
\ 1,,L,,Qsopeat|n AOC. After stirring thelédaction
mi Xt ur e *15# 8¢ agot her 1 "hour vvitMe‘e@"ln &an ice
Math, the insohahl g content was renowed, alid\phe

filtrate was dried under reduced pféséure. The residue
was purified by silica gel colum chronmat ography
(silica gel : 4kg; elusion by hexane : ethyl acetate,
(064G 1) to obtain 925.2 g (64% of the title conpound (a
208 i Rt-Utervf bisoxeraramydesiinpdn3 3f lagremeddivd -fel | ow
methy Byy bl idinkoughosepara@ts on maoll he sd7adi £Iemrmris [dfir, 25) -2-
Fauo§OSL b etepla] . QUELO, 4 16 ARgosasl. oLt ine. -
carbot (B3 AT < TEbU VAT GITRLPT AP LB 1) N, Wbl sad
triethyastingm (§r 0PAE PeonerilarTglot HATE R &Yt Rg iign dimethyl
sulfoyiuiepoeemdn e shéwhdeliowur25waes#)itoed pbh i tofli behbrat
35ec fol RERLEADD. MiFc L1013 8 AlIngl the iBusd, o mikeddBH,
solut dcml?]ff: f&h@lgglﬂz%nqzﬁaagef%%y a1 M yalePd 143 d((:L;LHmI_.rm and
. . . ' , =9.7/7, 8. H% , 3.4%ﬁ§1H dd, étEhe
exietiyipning 46 R yl) 7o 20554 a Che SaRCHGIFS0I B |
mixtunes giasr heapefiVRndeooraiinx Epeld) Bouys 36 TheHregytiqn guixture
was cdidtdntadtatéd=uddd? Iejycedl PReBsibe( 2&hdnjhe J@ReBLIate was
disso](ﬂ;e@-,in”%i.]éﬁl 1§cé’@~:—gﬁ4e dd,00J %ni i{ozm-, aﬁd%é‘@olu%-i@% akh,
menedilg il aheoB e el B ko e
)1 SBRORYTETTIAY FFHPBRRAF AL L Car Bo i g Epgoride
(100 HI)659The ordxERVJlayer was dried with anhydrous sodium
sulfate, and after filtration, the filtrate was concentrated under
reduced pressure. The concentrate was dissolved in concentrated
hydrochloric acid (10 mL), and after stirring the solution at room
temperature for 30 minutes, the reaction mixture was washed with
chloroform (100 mL x 4). To the agueous layer was added 10 mol/l
agqueous solution of sodium hydroxide to pH 12 in an ice bath, and
hydrochloric acid was added to adjust the pH to 7.4. The solution
was extracted with chloroform (150 mL x 3), and the organic layer
was dried with anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure. The concentrate
was purified by recrystallization from ethanol, and the crystals
were dried under reduced pressure to obtain 115 mg (45%) of the
title compound as a pale yellow powder.
[064.1] '
mp: 167-169°C.
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To a solution of

5-0x0-1-[(11Q - 1- phenyl et hyl ] pyrrol i di ne-3- carboxylic

acid tertiary butyl (30.05 g, 0.104 nol) in N,N - 10

di net hyl f ormam de (210 nl), i odonethane 26..0 nL (59. 28

g, 0.418 nol), and then, <@ um hydride (55%in oil,

11.35 g, 0.260 nol) was added with stirring at room

tenperature in nitrogen atnosphere. Wen the inner

tenperature i ncreased to about 50C, the reaction
"H-NMRyj (400r MldmsO c B9 MaP)@ BOE: byt i HgHandi c€ battf Hd 1-37-
1.50 {H@en,withd.55-ii g2ufBima® st3i-Bried 1Hor 4237 hout <7 Big) . 3.45
(1, &depkacing. d hejice lsat-la 98t 1@, Walt er3 lest h(sat, an, 3.82 (1H, d,
J = Seotre:jmtr %‘%”Rﬁﬁat&rekr 12|7§t ukhe Leagliofs ”@ﬁi UH? Wass1,

u 0.C u ol uti.on C A

(2H, $n><:fur§ Tof %E of 1@&3&}{1& dci dgghg %&J géf |C§X d J =
14.5 2@ thetImiGtHur ., wis= s34 f&d -for 30 mi nut es and
Elemetdmiacinad yaii thfet hglH20:0et GIASH800 mL, 500 nl). The

calcceﬁ%eac Icayﬁsrss gWer &, cons nesl, 1@ncéswamheg wrth
595? ug §9I u]g,l oj I ymg hl ori de and

n rQus sodlumsdl atée.” "After filtration,
M3 (Eﬂ‘?e“fﬁtr%%% Wa;“sﬁdrl ed under reduced pressure. The

IR (ATESi:duesems Fd3msh 2807 f L2le byl&dd.i ddigel 166Runhi4l, 1363,
1327, clyyatogeaphy24{ edwsi on by hexane : 25 ethyl acetate,
[0642'5 1-* 4:1) to obtain 10.63 g (33.7% of high polarity
I.soner of the title conpound as a white solid. 14.91 g
[Examlilﬁz.? of low polarity isomer of terti ary kﬁuty
—[(73)'21:'3\ Mﬁﬁrﬁvmet,hyl ~5-azagpiro[2.4] heptan-5b 1-[{(1R,28)~2~-
fluormlbp[r@ﬂzﬁl}18ma@tmrbﬂhw—‘@@hwobrelrweo®amlb@ﬁwat e
carboMAS Alag@q 174 [0662] [Reference Exanple 1041 Tertiary
[0643ﬁutyl (38)-4-[2-(tertiary |
ydr oxyet hy11l- 3- net hyl - 5- oxo- 1-[ (1R) - phenyl et hyl ] pyrro
lidine-3- 5 carboxylate [0663] [0664] 10To a
solution of (@5)-3-nethyl-5-oxo0-1-[(1R)-
OPaRdi ne- 3- car boxylic acid tertiary

utyl (30l , 198.9 mol ) and gerfiagdon
'r%ut 1( 2Fi hoxy) di net hyl si @l 6.8 g, 129 mmol)
e'r m@nhydr o¥® Agfrahydr ofiypag-t88yfL), |ithium

{trinethylsilyfland OMssol ugion in

t ét rahydrofuran, 129 ni,pmel H,129 ) was added
dropvvise at -4C, and the m xture was stirred at 2C for
[06443- © hours. Saturated aqueous sol ution of ammonium

hI oride (3 ) d X _
BB ERR S o e R P S ey o %%é{“% G
azasp%‘f@,[izzéd)hﬂﬂ%mqh@?&r g & PayBFOhhs (2 iy (1R 28) -2-
f luorcsatclpatedy v ows:gdl-ut kodibydsods tmmwlénedé (200
carbo:ﬂ-lhc apdadiied we t h.anhysfheus, sodi erhgidifiatee . ( 0AEBRI ML,

3.85 hbraLieng 1&%%2;]! l%ﬂﬁ%%l}ﬁ@s (@ried Me%tlrr%‘dcgg nltrogen-

séure to

fthe titl
atmosp%ﬁé&uefl #RasCtis R ith %855%0 er‘f{alyﬁ: %\%n?ﬁu%% ol batn at

85°C f£bur 2 hdaypur Tpi thti praction mlxture was added 10% agqueous
solution of citric acid (10 mL}, and the mixture was extracted

with ethyl acetate (50 mL). The organic layer was washed with
water (10 wmL X 2) and saturated agueous solution of sodium
chloride (10 mL), and dried with anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography
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M5 (ESI) mz: 363 (M Boc+E)+. 25[0665] [ Reference
Exanpl e 105] Tertiary butyl
(35) -4-(2-hydroxyet hyl ) - 3-nmet hyl-5-oxo-1-[ (1R) -
phenyl et hyl ] pyrrolidi ne-3-carboxylate [0666] 30 175
[0667] The crude product i188the formof a silyl
conpound (54.1 g, 98.9 mmol) was dissolved in
tetrahydrofuran (450 nL), and 1.0 5 npl/1 sol ution of
tetrabutyl anmoni um fl uoride in tetrahydrofuran (148
(silien gellag lAn®l ) e hiasierdod A OFRESENt T chdogeEgrion Terhanol.
98:2) itge digklin Thpabe xrelklowdoast splad. atTheopuriéhpérpals gellow
foam S WEQUBﬁss@l‘@ec@firﬁrcdf@&ﬁ@ﬂhté&itggﬁ&lﬂﬂﬁﬁibz?eidt he mL)
S t t idi
ot oI R A R, sy e
aqueotg, BaltE 18| HETDA B LHUrRI A oGoNarBoRal SPEE0BORY ) funnel,
solut knqueess washed | Wit lofehdiqnoferaci 80 (Wook i), AAdthe aqueous
layer Seidukaatied aguRolSL Seiudduen sofusboh umi clidinimdéy@tofide to
pH 12 Hin 8Rd:1 L1800 thh ANPKELEHS 0806l 401 8 WdAtRaesf t8radjust
th Ié tra&'an¥#ry%i%EL%£a%§sm@§t & %HQ%r rﬁgyggcgolvent of
e Phesdure. e Fesirdue was purified by Si ic§ ql
chlorofergnAndsnekhairl oy Leeus | BRI Hex arid ' g?ﬂy‘i‘m X 3),
and laeet dbger6oll a mixed solvehtt ohbbraferpg metipapgd, gand water
{chlor¥Plrm 85mOhol he watehe O@HDDMngU&SnﬁﬂQ0|wazgSﬁganic layer
. an e n Zon, the
res SHSIE R SRS LU A (i lten,
i1 erale) WapoioHiaEedh Widps' pecq bregiyre, oy [qgieperace
was purigied. By Yaqrystpllizakdon Ezomiquhangl-ipopropaggl system,
and thebttysthls MefESIy)ied znd848rédiddd pr3e6e| tp5obtain 332
mg (2 [SReber epse) Bxange 100k Eempbafy dMitaylpale yellow powder.
10645 38) - 4-[ 2- (benzenesul f ohy1) oxyet hyl] - 3- met hy1- 5-
x0-1-1 (1R) - phenyl et hyl ] pyrrol i di ne- 3- carboxyl at e
mp: 1B@gyp]°C-
[a]1p%®% = -144.2° (¢ = 0.197, 0.1N NaCOH).
ly_NMR (400 MHz, 0.1N NaOD)8 ppm: 0.50-0.54 (1H, m}, 0.58-0.62 ({(1H,
m), 0.69-0.80 (2H, m), 1.06 (3H, s), 1.22-1.33 (1H, m), 1.57-1.63

C(1H, m), 2.42 {3H, s), 3.14 (1H, 4, J = 9.8 Hz), 3.35 (1lH, d, J =

9.6 Hz), 3.65 (1H, 4, J = 9.6 Hz), 3.89 (1H, 4, J = 9.8 Hz}, 4.04-
4.09 (1H, m), 4.93-5.11 (14, m), 7.06 (1H, 4, J = 9.1 Hz}, 7.99
(12, 4, ¥J = 9.1 Hz), 8.45 (1H, d, 0 = 2.9 Hz}.
Elementary analysis for C,iHz4FN303°1.25H;0:
Calculated: €, 61.83; H, 6.55; F, 4.66; N, 10.30.
Found: ¢, 6i1.65; H, 6.30; F, 4.77; N, 9.88.
MS (FAB) m/z: 386 (M+H)".
IR (ATR}v; 1718, 1608, 1572, 1508, 1460, 1429, 1390, 1358, 1317,
1279, 1259, 1196 cm .
[0646]
[Example 30]
7-[(78) -7-2mino-7-methyl-5-azagpiro[2.4]heptan-5-y1]-1-
cyclopropyl-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
[0647]
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176 [0671] To a solution of
(3S)-4-(2-hydroxyet hyl) - 3-nmet hyl-5-oxo- 1-
[ (110- phenyl et hyl ] pyrrolidi ne-3-carboxylic acid
tertiary butyl 5(29.1 g, 83.9 mmol) in dichloronethane
(280 nm.), triethylamne (@IB9. 2 nL, 109 mol),
benzenesul fonyl chloride (11.8 nL, 92.3 mmol), and
4-di met hyl am nopyridine (1.02 g, 8.39 mmol) were
added in an ice bath, and the m xture was stirred at
.roomtenperatfire for 19 hours. Saturated aqueous
~sol ution g P chl oride (289 nml) 10 was added to
ﬁhe reacth nilxt ure, and after s Pagd4 Ng the organic
Bog—

ay, and 'eggylng t he sol ven ndgr reduced pressure,
Mwﬁgé?{esidu@e s di ssol v R acetate (280 ni,
nmn)—The solutiaon mggigbsh gain with the
sdt ur at ed aqueous sol utimpingf a ni um chl oride. The
organi c |l ayer was washed with 1 npol/1 15 hydrochloric

[06483cCi d aqueous solution (250 nL), saturated sodi um

: Q_%ﬂ&?ﬁ@ét %r@Lgut 5?%_ fﬁéﬁjn 9U$°Méth¥} 5-
um C or.l Clé) req e

azaspﬂfm#dﬁiﬁgpgwu B s & 3K T8PL) el TP ALY IR ey

fluord-i8-meshel wast diisfnardeoxpad y@@hﬂpﬁr ooy lapt afid (503

mg, 1.6 emolle, proitkidtyliaminke (bosrY ol 4 2B hamoanesahdl ofishethyl
sulfoxQQRPQUNHr{ 43¢ DirrHae i lar Q%feégwsa&ﬁﬁ%ﬂe&et he 2D 011 bath
w7575y 30E 8 Glbigunara o670 ofb e SEATe AGHY o6 To ehe
reactlpgrpgépyr%nw%ﬂ ad f aqueous solutlon of citric acid (10
mL) , ap@5Eh- mexthyde seex @xBrp L) - phien\d @ity Btefate (50 mL). The
organiazaspet ofds 4fdiepidane - eatboxyl @t  2673hd ddfurated
aqueouk0844d 16n &5 Udditin el ob P&e CEHEGDI OdUSt ai-felihgs f10r M
anhydr%usasodlum sulfate. After f£iltration, the filtrate was
concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (silica gel, 10 g; elusion by
chloroform — chloroform : methanol, 98:2) to cbtain a pale yvellow
foam solid. The purified pale yellow foam solid was dissolved in -
concentrated hydrochloric acid (8 mL) at room temperature, and
after transferring the resulting acidic aqueous solution to a
separatory funnel while washing with 6N hydrochloric acid, the
solution was washed with chloroform {50 ml, x 8}. To the agueous
layer was added 10 mol/l acueous solution of sodium hydroxidé to
pH 12.0¢ in an ic¢e bath, and hydrochleoric acid was added to adjust
the pH to 7.4. The solution was extracted with a mixed solvent of
chloroform and methanol {chloroform : methanol, 9:1} (100 mL x 3},
and the organic layer was dried with anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under reduced
pressure. The concentrate was purified by recrystallization from
ethanol, and dried under reduced pressure to obtain 268 mg (0.641
mmol, 2 steps, 33%} of the title compound as a pale yvellow powder.

[0649]
mp: 227-230°C.
[0lp2%% = -38.9%2 (¢ = 0.211, 0.1N NaOH).
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5 benzenesul fonyl conmpound (43.7 g, 83.9 mml) in

anhydrous tetrahydrofuran (470 nL) was added 1.0 npl/1

solution of sodiumbis(trinethylsilyl)amde in

tetrahydrofuran (109 nL, 109 mml) in an ice bath, and

the m xture was stirred ativ®@omtenperature for 1

hour. To the reaction m xture was added sat urat ed

aqueous sol ution 10 of ammoni um chl oride (300 nL), and

the m xture was extracted with ethyl acetate (300 ni,
"H-NMRO (4 ¢4 )MHZan @ - £ NeNaPBkhiRoM :ay e r 5 vaHvadhed Owr & h (2H, m), 0.79
(2H, matutated(FHguedus IsdbutliBn wf, sbdiluricéhl efi d®-IR0AH, d, J
= 10.0lkz) Af§ edo drii,ne,t be-opganis) | ayern with aphyd aus #z)

217 R S Al LR MET oL, g o
Hz), au?Ff|£§ S@ & 15 dalgBP cogdﬂi @ﬁ?

tography (el uted
Elemepiahy hev@yisis oy Cadled:ft €,- OBLPH 6. 26Hp9:t 0 obtain
CalddlB-«41:( 80% 6. ot;eps) 7060t he, tidles conpound as a white

Fowd®! i ¢, %96:@; HIP7 3%, 5%C. 18%@] 25'1 = 122.1 (c =
‘NVR (400 Mz, CDC13)5 ppm 0. 72-0.77

17
MS ‘F%’ﬁm ZCH%QSEEM 0 (111, n), 1.04-1.13 (2H ), 1.18
IR (ATBH: 5)2961 3%9¥©H28§)° 1754 (3¢L0d, 15345= 1598z 1468, 0BE27,
1390, (1362d,1303% 9284k2)198.86 (1H, d, J = 9.8 Hz), 5.52
[oegdﬂki q, J =7.1 Hz), 7.26-7.34 (5H n). 25 El enentary
y is for C20H27NOCS: Calculated C, 72.92; H, 8.26;
5 Found: C ‘7 64‘ H 3. .

oxoquiﬁﬁ@hnéfE%&ﬁrb6iﬁlld4ﬁiui1454 1433 1365 1329 1286,

ros51238, 1203 crl1ll. [0676] 178 X ray structural
anal ysis was conducted to determ ne the configgration
of position 7 of & his compound. The results wefe asqy
a

Me S Swn in FF Af toeoBEO| | ecting the data [
aHBod\aS I € ed| by 5 direct_nmethod tpred by
T matrig square nethod. |NerHe fefne nt,

ni sotropic ther l[r paraneters were " d for t
non- hydrogen at gn¥, and hydrogen atoﬁs'ﬁere pl aced in
cal cul ated positions in the coordlnates Thi s compound

[0652]as two asymmetric carbon atons, and absol ute
cl@#i- gur(aerbnblmomr@wwﬂrwm@) car borrbieghyinrdas
methylgyouwn) ifhacabsed uie, oamfssgwmat) pne pof -dimwetden - [ (1R, 28) -2-

fluoroaS_I)L bbbl POl O tlh%"-aflﬂ &roy\@% AR AL RRE -3 -
carbo on tlje a oclaru & %On I% @Eg T and
SO BEI e 3 b REGRC A TRETP Lt (2SS o Ront i TP} b
triethylayggec dhf 1 bk i c?n 86 tHelhosere ohlsEdrvecthdnt pyjolane
{0.8 ml), and the mixture was stirred in an oil bath at 35°C for
480 hours. After concentrating the reaction sclution, a mixed
solution of ethanol and water (ethanol : water, 9:1) (5 ml) and
triethylamine (0.5 ml) were added, and the mixture was stirred in
an oil bath at 80°C for 20 minutes. The reaction system was
concentrated under reduced pressure, and the concentrate was
dissolved in ethyl acetate (100ml x 2), and washed with 10%
agueous solution of citric acid (100ml), water (100 ml x 2), and
saturated aqueous solution of sodium chloride (100 ml). The
organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The
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compound was thus determned to be (S). The
configuration of a 15 series of conpounds produced by
using this conpound as an internedi ate was al so
determ ned. [0677] [ Ref erence Exanpl e 108]
(7S)-7-Met hyl-4-oxo-5-[ (1RFphenyl et hyl] - 5-azaspi ro[ 2.
4] hept ane-7- 20 carboxylic acid [0678] [0679] 25To a
solution of tertiary butyl
(78)-7-nmet hyl-4-oxo-5-]

15 2357 aSbrrto (5 TipRe P AnEo YU HRERAPLPET=DRY
(chlof@foim ¢, mé4hdnolpl Join -¢i ehipromishareifidOwad )dissolved in
concetiftd  dDRACBELL0BLE hd 20 10l hn1Yagn aglet£InemM, santinthe

soluti&? wbaaé @tﬁ?gdt he P&a&ﬁ Ltre‘?rtgz‘@%%izkérfgg ié’rmﬁnﬁ%lér S- T@e

tir.on m xture ri.e er reduc SSur.
reactﬂa% %ﬁ%rloadaeﬁg‘“%?%ﬁ& fof‘artf‘hgl‘}"gé‘ﬁd 3?13 h%nd to

the aqisqus dayes Wit ecdddedtidi0 meddéedapress el utTiom Pésﬁ@%um
hydroxake d:lcS;';ﬂl vedihnad imdl/chtaqueadshedtothioyiaf asddi was added

to adesdJ PHedS %ag §gt0% nk), aTﬁthsBﬂ@tf&U%&és S@lrdki-an ¥asn
Chlor?a erqha L% Longghtra %ﬁ%y&?&ghﬁgﬁlgréggug%gg m)
anhYdeCBl% igogity 8§8l82te, Hnd EBepgPhVeRhd"3herTHREG BY was

distilgetriaca eddart hedindet giraspured79 THSBG@sHHuR Pps Tieified by
recryéﬂag.aﬁlz@thaﬁefrmseﬁ/ﬁﬂ&ﬁd Withd) REm 128 ral firadd under

reduc e@tsgg‘gagge&yéa Of(Osé’Qﬁé”ﬁ | ordsge o100 tltle
us sodium sulfate, and t
compo FEnf Rﬁi Fstlllatlon under reduced

[0653dr essure. Toluene (20 m.) was added to 5 the residue,
mp: =280dzbhe.m xture was dried under reduced pressure. The

- NMR' ‘?&b@'%{é’\’aso SYERRBBGS dﬁ}ﬁfa chhopef g (20 F1L) 6. @nﬁzm; 21-
m) ,

1.33 S;i IﬁZI t af ednglfm?%v(/as was o% it %Xﬁé)al 2.3 Z?lgoﬂﬁ

2.51 &ﬁd & v ed- thdet r sbuded pPedstife t%)%ﬁn 0. ﬂ8‘)8 6 Hz),
3.54-3(.¢oantHt arl ved - BF (e dit| € eohpound - éSH@)mhﬁtées%l1%i(lH
m), 4.Bhe (m paoduct amst Wxed Bnoiheissubdrhuent= step, Wth, o1
Hz), 7.46LN ‘_%ﬁ paarlju:aM @152[106§0151&}NN%(4:0O Mﬂ, u&PCl3) 5
senccfBll Sp(HiRid e HE%’N s oot ol y 301 10
Calcylageds( £1157 277 & R 16 1Yy, 93785 (111 d J =10.0
Foungz) C,55521F71HI. g5 - JI% EtﬁG 7.28-7.32 (511 m. M
MS (ESTESk)zal ZL:LOZMH(-IMFH) +.
IR (ATR)v: 3400, 3367, 3089, 2964, 2883, 1711, 1618, 1508, 1468,
1435, 1356, 1321, 1259, 1227, 1178, 1130 cm™*
[0654)
[Reference Example 102]
Tertiary butyl S5-oxo-1-[(1R)-1l-phenylethyl]lpyrrolidine-3-
carboxylate
[0655]
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[0681] [ Reference Exanple 109] 20

(75)-7- Am no- 7- net hyl - 4- oxo-5-[ (1R) - phenyl et hy1] - 5-
azaspiro[ 2. 4] heptane [0682] 25[0683] To a

sol ution of

(7S) - 7-nmet hyl - 4- oxo- 5-[ (1R)7phenyl et hy1] - 5-
azaspiro[ 2. 4] hept ane- 7-carboxylic acid (20.4 g, 74.4
nmol ) and di phenyl phosphoric acid azide (17.6 nL, 81.8
nmmol) in toluene (200 nL), triethylamne (20.7 ni, 149
nmol ) was added, and the m xture 30 was stirred in an
oil bath at 125C for 1 hour. Thg,reaction m xture was
conf@entrat ed under reduced pRes e to obtain the

@t oduct in the form of I socyanat e.
r dissolving the crude/pyoduct in the formof an
Qtyanat e T i, 4-difbxa N80 nmL), water (90 nL) and

o]

" cohcentrated 35 hydrochl ori id (90 nL) were added
to t nixturé. The m xture was stirred in an oi
bat h~&t 50C for 1 hour, and r (200 nL) was added

[06561° the reaction n1xture After washing with ethyl

acetate (200 ni), 10 mpl/1 ous sol uti f so
P PORREBATR0T 5 Resosdadatt gt %ﬁﬂl S50y gy S} iffine--
carboriyﬂlgf eeidopreafitcacthdys té?@l aetbadwaes @sdhest tied CrlbRrtson

. Deinagaea(200. Myichyls The'.or pabese | ayeraraskeashed. W. ,

3 Med Virh saf ygat eﬁo aqpﬁqusiva@l Yihos &f @@bmm&hl %n de

anhydr o |f
dlChl%%ﬂPet ?I?t?ﬂ?loﬂ %fter lFFVa gt iléNconceTt%gg §§urea
(3020 Gagdcel® p‘iﬂ‘é%’sd't‘ae‘3 351951t & rﬁ?Bmst%}“R%r@t?rﬁnﬁ’llf oFti”r’fémg
When imictreeseohpotitel iasexr pamperatyet | owl citlariingdeét refhexing
were nptedycthaeseatseithd Bylshemswhs eguerdd stremMitde Bath. After

coollﬁ%uEhEeQeQH{iéﬂ‘Hﬂﬂﬂﬁ}e £8684bm 1ft%$@%éﬁﬂ¥% Mefe &PEASIE was
stlrregl) oF %31% %ﬁfft&s j:‘emoi‘/lﬂ.g'}_g?e éaa(]thlmng %S:r aléséhér 3
hours p.]fx)l. 1elgga@7n<_:( T 404C. J AEtgrs st.)crlgg Sehg 111@ctq_on\] mixture
for anpthekiz), hdud 4ikIBToE3Epgnn 0685 HaRdf ertdiec énBriviple
contentl@hs removed, and the filtrate was dried under reduced
pressure. The residue was purified by silica gel column
chromatography (silica gel : 4kg; elusion by hexane : ethyl
acetate, 32:1) to obtain 925.2 g {(64%) of the title compound (a
mixture of isomers at position 3} as a pale yellow syrup. Although
separation of the diastereomers of position 3 of the pyrrolidine
was easy, the diastersomers were used without separation since the
subsequent step involved epimerization. 'H-NMR spectrum of the
isomers aliquoted for evaluation purpose are shown below.

[0657]
Low polarity isomer:
H-NMR (400 MHz, CDC1,)8 ppm: 1.45 (9H, s), 1.54 (3H, d, J = 7.08
Hz}, 2.59-2.74 (2H, m}, 2.95-3.03 {(1H, m), 3.14 (1H, &d, J = 9.77,
8.79 Hz), 3.49 (1H, ad, J = 9.77, 6.35 Hz}, 7.26-7.36 (5H, m).
High polarity isomer:
M-NMR (400 MHz, CDCl3)8: 1.36 (9H, s), 1.53 (3H, &, J = 7.32 Hz),
2.59-2.75 (2H, m), 32.02-3.11 {(1#, m), 3.1l6 {1H, dd, J = 10.01,
5.62 Hz), 3.51 (1H, dd, J = 10.01, 8.54 Hz), 7.24-7.36 (5H, m}.

[0658] _
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(75)-7-(Tertiary

but oxycar bonyl am no) - 7-nmet hyl-5-[ (1R)- 20

phenyl et hyl] - 5-azaspi ro[ 2. 4] heptane [ 0686] [ 0687]

25The

(78) - 7- am no- 7- met hy1- 4- oxp#H- [ (1R) - phenyl et hy1] - 5-

azaspiro[ 2. 4] heptane (15.8 g, 64.7 mmol) was di ssol ved

in toluene (82 nL), and a solution of 65% (by wei ght)

sol ution of sodi um bi s(2-nmet hoxyet hoxy) al um num
[ReferpRre d&xauPlollGéhe sl ution (77.6 nL, 259 mmol) in
Tertiboy ueneyl 6(38l ) 3nwasthrdeld-orapiwi [IERIATEI5 i nutes in an
pheny 38t heE Batisaihbat - thebdHarc eaperature did not

[oes&rceed 70C, and the mxture was stirred at room

tenperature for 10 m nutes. The reaction m xture was

cooled in an ice bath, and 25% (by wei ght) aqueous

sol uti of sodi um hydroxi de (100 nL) was added

dropnm s~ After quenching the solgtion, the solution

was &x@racted with 181 tolueneigﬁggiﬁy). The organic

| Ayar was washed wi th saturat qlfeous sol ution of

ogogi'um chl ori de (100 n.), a i~tert-butyl

di darhonate (15.6 g, 71.2 mol gs added. The

r‘eac‘ m xture was stirred ten'p_era_ture for 3

hoursy*and the solvent was 5 renbwed by distillation
(0668 e el - col tm, chr ot 0qLanhy 6l Hsi.on. Y. hexana

Sll1 Ca gel ., Xane.. .

At edupapR OBy R0 @5‘3??%yﬁ?wﬁ%ﬁglﬂ%ﬁrﬁg&mﬁ-
carboxy/Btg astidt hertiate Runpoudd -85 4 col B4 &3l Fandplr ent
dimetlsyrigrmemstanzer (D638]odbikhRvR 2400 MiHz(5XCMDE1 ) 80.418
mol) , HHE tDed/- QodPuh 2lariHe @5824Q. 681 ( lilil, 34Ny, @..2400m82)
vee wfidoglly BRI ok sl iy, o G0) o
When qhglfpngy yegpg;§¢q§9,iQ§qg¢s€§HFoq?bgu§:Qﬂﬁg,HE e reaction
mixturd: 3bs3c84ledlio 3Y°C dy7tsiddlzn sice bat®- ZnG4thsn, thHhe
mixturdd Wwds GESTYed] 2or 381 Hdvrd) by pBpB&ting the ice bath with a
water bath at an exterior temperature of 17°C. The reaction
mixture was poured to cool aqueous solution of citric acid (a
mixture of 1L of 10% citric acid and 500 g of ice), and the
mixture was stirred for 30 minutes, and extracted with ethyi
acetate (800 mL, 500 mL). The organic layers were combined, and
washed with saturated aqueous solution of sodium chloride and
dried with anhydrous sodium sulfate. After filtration, the
filtrate was dried under reduced pressure. The residue was flash
purified by silica gel column chromatography (elusion by hexane :
ethyl acetate, 5:1 — 4:1) to obtain 10.63 g (33.7%) of high
polarity isomer of the title compound as a white solid. 14.91 g
(47.3%) of low polarity isomer of tertiary butyl (3R)-3-methyl-&-
oxo-1-[ (iR} -1-phenylethyl]lpyrrolidine-3-carboxylate was also
obtained.
[0661]

'H-NMR (400 MHz, CDC1l3)8 ppm: 1.34 (12H, s), 1.52 (3H, d, J = 7.10
Hz), 2.27 (iH, d, J = 17.0 Hz), 2.93 (1H, d, J = 17.0 Hz), 3.05

(1H, 4, J = 10.1 H=z), 3.32 (iH, d, J = 10.1 Hz}, 5.50 (1H, g, J =
7.1 Hz), 7.23-7.38 {5H, m).
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[ Ref erence Exanple 111] (78)-7-(Tertiary
- but oxycar bonyl am no) - 7- net hy1-5- azaspi r o[ 2. 4] hept ane
20[ 0690] [0691] To a solution of (78)-7-(tertiary
but oxycar bonyl am no) - 7- 25
met hyl - 5-[ (1R) - phenyl et hyl 1745- azaspi r o[ 2. 41hept ane
(18.0 g, 54.5 mmol) in nmethanol (180 nlL) was added 10%
pal | adi um carbon catal yst (water content, 52.8% 9.00
?qf), and the m xture was stirred at room tenperature
[066 18 hours in hydrogen gas atnosphere, and in an oil
[Refebemte Hxaa@lef 8045. 5 hours. After renoving the
Tert:.@:ﬁjtf&iny@ﬂ 3@)the (3ol vertiavas hﬂﬂty&ddﬂﬁd’ﬁﬂiyl@dﬂ}ded

H1e L Gehl el g 3:@0419[ ((ﬂaa ] g rtxfaqlaaugeg,_

a g onmpounu a W 009/
Carboxﬁ.’.\,\lH d, J:71Hz) 313(1H d, J:115Hz)
[0663, 73-3. 77 (1H, m 4.45 (114, s). MS (ESI) nfz: 227

(MtH) +. [0693] 5 [Reference Exanple 1121

7-[(7S)-7- Am no- 7- net hy1- 5- Qzaspi ro[ 2. 4] heptan-5-y1] -6

i ne- 3-carboxylic acCi 01%94] 10 [ 0695]
(tert| ary but oxycarbon il 7-met hyl- 5-

aﬂasplro[z 4] heptame—(18. 4 N.5 nmol ) ,
e f |l uoro-1-1( 1R, 29) - 15 ,
@ ocycl opr opy1] - 8- net hoxi hydr o- 4- oxoqui nol

I ne- carboxylic acid - difluor&hetane conmplex (17.9
g, 49.5 mol), and triethylamne (8.97 nL, 64.4 mol)
[0664kere dissolved in dinethyl sulfoxide (52 nL), and the
MoX Uk 1WaSoStdf I €k)i-n -aBthil - badko-at- 4AG)F-or 17
phenyﬂg%ﬂyiip§g§oif@£ﬁéEglJQfHH&&?i@aécP&uEé¥%ﬂdQ@obﬁe§g e &f g,
98.9 mmol) and tertiary butyl (2-icdoethoxy)dimethylsilane (36.8 g,
129 mmol) in anhydrous tetrahydrofuran (288 mL), lithium
bis({trimethylsilyl)amide {(1.0M solution in tetrahydrofuran, 129 mL,
129 mmol) was added dropwise at -4°C, and the mixture was stirred
at 2°C for 3.5 hours. Saturated aqueous solution of ammonium
chloride (300 mL) was added to the reaction mixture, and the
mixture was extracted with ethyl acetate (300 mL, 200 mL). The
organic layver was washed with saturated agueous solution of sodium
chloride (200 mL}, and dried with anhydrous sodium sulfate. After
filtration, the filtrate was dried under reduced pressure to
obtain 54.1 g of the title compound. The product was used in the
subgequent step with no further purification.
MS {ESI} m/z: 363 (M-Boc+H)".
[0665]
[Reference Example 105]
Tertiary butyl (3S8)-4-(2-hydroxyethyl)-3-methyl-5-ox0-1-[(1R) -
phenylethyllpyrroliidine-3-carboxylate
[0666]

-f 1 uoro-1- .
[ (1 ZEL):H 2-f 1 uorocycl opr 63912]'0%8- met hoxy- 1, 4- di hydr o- 4-
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_[Refergﬁgge&?@weqtdsgn were evaluated for their
o ida

20 (1000 nL), and the precipitated solid was collected
by filtration. To this solid were added a m xed

sol ution of ethanol and water (ethanol : water, 5:1)
(180 n.) and triethylamne (15 nlL), and the m xture
was heated under ref lux fogs 1.5 hours. The reaction
m xture was dried under reduced pressure, and the

resi due was 25 dissolved in ethyl acetate (150 nL x 2)
and washed with 10% aqueous solution of citric acid
(200 nm.), water (200 nL), and saturated aqueous
;_ Ilétl on of sodi um chl ori dq_l (100 nmL). The organic

aye dried with anhydros dium sul fate, and the
. enoved by disti ti onunder reduced
(e OTRe 30 residue was jditsselved in a ni xed
n of ehl™©rof orm and anol - (chl orof orm :

,.N
nmet hapol . 9:1) (100 nlL), and dfter adding silica gel
(10 9), e mxture was stirfe r 1 hour..After
renovin ilica gel by filtrati o the mxture was

[0667¥ﬁ3hed with a m xed solution of chloroformand

t hanol (chloroform: nethanol, 35 9:1) (50 nL x

T EHOR| PEPRESs Vibiber RBINGE Arbl LohiCeBPEPEd (5445 €
98.9 umpldr yaesdisbbvedsirduetwabydirsSotramd(450 adncentdal edl
mol/1 ERAGRINOBECt 8t gb (ARG rtoh iR alubeeddalh te&&dh§ﬂtéf@ﬂan

(148 r{?Lt rl%%”}nESHP\;\e{é Lgdcﬁiéé)ﬁr%%w%QUESSt T@ol{ﬁﬂ%‘

Eur was g I'or of or m (400 % h q
bath. | ThepBERC % W51 AT LAGER00S SOPBLT O G CLb0) cur®, an
after |[gancenitdating Herlaultterrehe thgueenaenasate ﬂv@Saefcals@cwé

with giiytioatdi8tearzod he pHovasLt ur ther cadpudtetayer Wak bpshed

with 120diz0@eBYdr sNk01d:f @'s@dlﬁfﬂeh§@£é§ér%&r\%%a(ﬂét raet efl)
aqueou%y s% glkzggn CQ% o&ﬁﬁ%.rcma(:&g.OQ3gb &L )?’,ul %n$%a%ﬁgggéﬁ L@(&(us

Ous SsoO
501Ut1§’61 %ﬁ%@%%@&%;} 18PstRI ¢ a"t‘ﬁl%rfjlﬁr?djel’”lpéldﬁﬁﬁﬂdrous
sodiumpreadsate. Rfder0fiesrautomastipufiflicggtpywas dried under
reduceldepirgsbaléd | zahieoreht @z evdanalry i fard bsresn:lyea akesl werlemn

chroma@ga'g%%ﬁ ?d?flﬁﬁ%ﬂ:%% %%g.ﬁgre g é%a]c 691(—>9'4lq -
1:1) tfH— angloqfher gafﬂa ?‘fo s P e o TRy es @

R rumsnt alana
colorleges tERBERRE S Re iy R FyP EBﬁ%F%tent with the data of

[ce68i he conpound 15 produced in Exanple 9. In other words,

11 NMR Of 4 & 1 Qureil @'@Q%gﬁiﬁﬂvailyﬁs(i}ﬁwd)g 1.40 (9H, =), 1.51-1.53
(1H, m? ag, Be- IE'Etci‘WJ' Zisﬁé o[ 2. %@43%1{5 %3, 95083 o3

t h
(215, m a%ﬂ% fe ey A B SR R A
5.43-5553748Bi ro] 2. %4 ept: éﬁeigﬁylmbf oup in which the

Ms (ES3h emgnchemiscdM+BDhfi guration at position 7 is 20(7S).
j0669] 0696] [ Test Exanple 1] The conpounds of the

tivity according t)o the st ndard
. = M "* ] n-

[0670be|0M/ In the t abl e, NIC val ue is al so shown for
noxi fl oxacin (MFLX), Conparative conpound 1 which is
t he compound described in Japanese Patent Application
Lai d- Open No. 2-231475 (Patent Docunent 2),
| evofl oxacin (LVFX), 30 gatifloxacin (GIFX), and
ci profl oxacin (CPFX), in addition to the conpound of
the present invention. (The structure bel ow shows only
the core structure). S. aureus, 87037 is
LVFX-resi stant MRSA and S. pneunoni ae, J24 is
penicillin-internedi ate resistant bacteria. [0697]
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[0671]
To a solution of (38)-4-{2-hydroxyethyl)-3-methyl-5-oxo~-1~

[{1R) -phenylethyl] pyrrolidine-3-carboxylic acid tertiary butyl
(29.1 g, 83.9 mmol) in dichloromethane {280 mL), triethylamine
{15.2 mi, 109 mmol), benzenesulfonyl chloride {(11.8 mL, 92.3 mmol},
and 4-dimethyl aminopyridine {1.02 g, 8.39 mmol) were added in an
ice bath, and the mixture was stirred at room temperature for 19
hours. Saturated agueous solution of ammonium chloride (280 mL)
was added to the reaction mixture, and after separating the
organic layer and removing the solvent under reduced pressure, the
residue was dissolved in ethyl acetate (280 mL, 180 mL}. The
solution was washed again with the saturated aqueous solution of
ammonium chloride. The organic layer was washed with 1 mol/1
hydrochloric acid aqueous solution (250 mbL), saturated sodium
bicarbonate water (250 mL), and saturated agqueous solution of
sodium chloride (200 mL), and dried with anhydrous sodium sulfate.
After the filtration, the filtrate was dried under reduced
pressure to obtain the crude product in the form of a
benzenesulfonyl compound {(43.7 g). The product was used in the
subsequent step with no further purification.
MS (ESI) m/z: 510 (M+Na)*.

[0672]

[Reference Example 107]
Tertiary butyl (78)-7-methyl-4-oxo-5-[(1R)-phenylethyl]-5-
azagpirol2.4]heptane-7-carboxylate

[0673]
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aco .--toa Lao u)LOCOO 71,1 g 201 1g ocaq?2 '"t2
FO' g '0-0.122 ?"0 N10 O NOONCI 1-1 0010 O 0 O ocv
t--1 001 0710C a6dd6d6é66dri d6661 66
6dd6 K66 dddddd®6cs xxFcrl g0NO1IGA 10

1010CVN\N . --. N CVONCOO , ,1prga",--? toa>--1 ,--1mco
OCOP4001-1 I NOel G Nr?20,00r-1 COv--1

Cl ONCOr-1kCcbo1-1ad P11 CVCONCY Nab66dd
6d6dddEI d6d6d666666666ddddtO

d coos xx1-4 FOLaA CO COCllitt N LOLOCO CDU) 01
. CONtol.0 cu .-H CvCOd Ocii ci co kt,10 CV 1007 LQO

B0y ? LOI0 0 100N 1-zi oo cii ng & 0r-? OV t-- 1-1
( 000 1-1 COO0 O o‘gLrj(ooon CO 0
DOW0b66 8666 | 06666606066668666 asco xx044

O™y

o T

[Ge74]

To a solution of the crude product in the form of a
penzenesulfonyl compound (43.7 g, 83.9 mmol) in anhydrous
tetrahydrofuran (470 mL) was added 1.0 mol/1 solution of sodium
bis(trimethylsilyl)amide in tetrahydrofuran (109 mL, 109 mmol) in
an ice bath, and the mixture was stirred at room temperature for 1
hour. To the reaction mixture was added saturated agueous solution
of ammonium chloride (300 mL), and the mixture was extracted with
ethyl acetate (300 mL, 200 mL}, and the organic layer wag washed
with saturated aqueous solution of sodium chloride (200 wmL). Aftex
drying the organic layer with anhydrous sodium sulfate, the
residue was filtered and the filtrate was dried undex pressure.
The residue was purified by silica gel column chromatography
{(eluted with hexane : ethyl acetate, 3:1 — 2:1) to obtain 24.6 g
(89%, 2 steps) of the title compound as a white solid.

[0675]
mp: 55-57°C.
[alp*®* = 122.1° (c = 0.517, CHCL;).
'H-NMR (400 MHz, CDCl;)d ppm: 0.72-0.77 (1H, m), 0.85-0.90 {1H, m},
1.04-1.13 (24, m}, 1.18 {3H, =), 1.32 (9H, s), 1.54 (3H, 4, J =
7.1 Hz), 3.08 (1H, 4, J = 9.8 Hz), 3.53 (1H, d, J = 9.8 Hz), 5.52
(1H, g, § = 7.1 Hz), 7.26-7.34 (5H, m).
Elementary analysis for CpeHa7NO;:

Calculated: C, 72.92; H, 8.26; N, 4.25.

Found: C, 72.64; H, 8.27; N, 4.06.
MS (FAB) m/z: 330 (M+H)}’.
BERMS (FAB) m/z: 330.2069 (Calcd for CopHaeMNO; 330. 2069).
IR {ATR)v: 23066, 2976, 2933, 2879, 1720, 1676, 1481, 1454, 1433,
1365, 1329, 1286, 1238, 1203 cm '.

[0676&]
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FOGA VIIO Vii d 1-1 CON O, CVOO 01 Olto LN I-1 1-1

T-1CZ00NU'0)10CO'a 82 020, d'L2. 0,00,,-.0--,

N10 O, 0,04 t-r.n 0 0 1--( COCv O Cv CV O ri

a6666666666 casdd6666666666666666. 46 es XX r4ra co

t gl Cco i ncOcqtocO CO P400, 178€Vv?-1 OONNi - 1

Di CDONNNOr I Nt -. 1-1 d d ci 666666d a 666 c; 6 6 6 6

6 d aa 101Gn co- ca CVCOCY N LO 1-1 NIC

€c2400C0c0030. - 4C0C-1-?71. Q) COT-1grj v-1 0 -1 CV CO 01

0¥ OFaY RF R ural; 292yl 366Es ci56 BBOIYETE 666
configuBadioh 6 Qdsticéonadactocivcd compound. The results were as
shown in FIG. 3.

After collecting the data, initial phase was resolved by
direct method, and refined by full matrix least square method. In
the refinement, anisotropic thermal parameters were used for the
non-hydrogen atoms, and hydrogen atoms were placed in calculated
positions in the coordinates. This compound has two asymmetric
carbon atoms, and absolute configuration of one asymmetric carbon
atom was known. The absolute configuration of the other asymmetric
carbon atom, therefore, was determined based on the absolute
configuration of the known asymmetric carbon atom. The results are
shown in FIG. 1. The configuration of the position 7 of the title
compound was thus determined to be (5). The configuration of a
series of compounds produced by using this compound as an
intermediate was also determined.

(06771

[Reference Example 108] .

(78) -7-Methyl-4-oxo-5- [ (1R) -phenylethyl] -5-azaspiro[2.4]heptane-7-
carboxylic acid

[0678]
O
j_\sﬁ\ok o
[0679]

To a solution of tertiary butyl (78)-7-wethyl-4-oxo-5-[(1R})~-
phenylethyl] -5-azaspirof[2.4]heptane-7-carboxylate (24.5 g, 74.4
mmol) in dichloromethane (120 mL), trifluorocacetic acid (120 mL)
was added dropwise in an ice bath, and the mixture was stirred for
2 hours. The reaction mixture was dried under reduced pressure,
and after adding toluene (20 mL) to the residue, the mixture was
dried under reduced pressure. The residue was dissolved in 1 mel/l
aqueous solution of sodium hydroxide (300 ml), and the aqgueous
solution was washed with ethyl acetate (350 mL). To the agueous
layer was added concentrated hydrochloric acid (25 mL) to pH 2 to
3 in an ice bath, and the mixture was extracted with chloroform
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cocoCO a0 diOO dioO di O di r-tCDCra0 't riO O,0 .Cf"

rio 0) ,.., ONO r-1Vfry ONLC) 1--1°CP N 1-1 0 I-I
r4CDC? qry 0 1-1 1-1COT-1 0 r' rCDCV 0 , i C Cl 10 O
G- '-Dor.r CVCVIO O NrDO v-1 NNLOO 02 1 76- G

ia:1C9 .4 <1/4-' cor-oc" "B s- C. 0O coco .1r O CO

0-col'Dco 2.1 .. 0O at 0- a) tei 6- (0 ..12, E-1 0

Oco 6 - -03 v2E-10 as' frz O mc'' N.1:4 - COO0 X or
0O- 0 o0 ,--4b. .0 tit ..... co

00z ) tit -6..9 CS 0, a>n

(300 1t %, 24 -noThe PRgEE o lpvey) was RFRFS WiSH Y8TEF (200 iy and
saturated] Giguecu§ gold;idgiBbiPspddum whdodide AW mi¢rj and dpied
with #inidre8sOsodPum esWFares @nd0theSsOH1 eenid w3 Rembvéar by
distiddiR04nle? Eé&uéédog{re!éisu%!. M %o 3N GQ 0CHLF M ad%dded to
the régydug,aéhdcgthﬁiggﬁre %%smégaegrﬁnder reduced pressure. The
residue was suspended in chloroform (20 mL), and hexane (200 mL)
was added for recrystallization. The precipitated solid was washed
with hexane (100 mL), and dried under reduced pressure to obtain
20.48 g {(quantitative) of the title compound as a white solid. The
product was used in the subsequent step with no further
purification.

(0680} :
'H-NMR (400 MHz, CDC1;)8 ppm: 0.78-0.83 (1H, m), 0.90-0.95 (1H, m)},
1.08-1.18 (2H, m), 1.24 (3H, s), 1.55 (3H, 4, J = 7.3 Hz}, 3.11
(1#, 4, J = 10.0 Hz), 3.585 (1H, 4, J = 10.0 Hz), 5.52 (1H, q, J =
7.1 Hz}, 7.28-7.32 (5H, m).
MS (ESI) m/z: 274 (M+H)".

06811

[Reference Example 109]

(78) -7-Amino-7-methyl-4-oxo-5- [ (1R) -phenylethyl] -5-
azaspirof2.4]heptane '

[0682]
0
5 on
0F - - . 0Py
]
[0683]

To a solution of (78)-7-methyl-4-oxo-5-[(1R)-phenylethyl]-5-
azaspiro[2.4]heptane-7-carboxylic acid (20.4 g, 74.4 mmol) and
diphenylphosphoric acid azide (17.6 mL, 81.8 mmol) in toluene (200
mL), triethylamine (20.7 mL, 142 mmol) was added, and the mixture
was stirred in an oil bath at 125°C for 1 hour. The reaction
mixture was concentrated under reduced pressure to obtain the
crude product in the form of an isocyanate.

After dissolving the crude product in the form of an
isocyanate in 1,4-dioxane (180 mL), water (90 mL) and concentrated
hydrochloric acid (90 mL) were added to the mixture. The mixture
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186 [0699] [Test Exanple 2] The conpounds
produced in Exanples 2, 3, and 9 of the present

i nventi on were eval uated by nouse bone marrow

m cronucl eus test by 5 using 5 aninmals per group of
6-week-old Slc:ddY mal e mige, and the conpounds
diluted with 0.1 npol/1 NaOH physiol ogi cal saline. The
control was 0.1 npl/1 NaOH physi ol ogi cal saline

sol vent, and the positive control was cycl ophospham de

was stiggecopRosRant A EPR 5936 | S ieudi | aRédvaker (200 mL)

- was adsingsitol 6hecatasiimenixtiures arltesr wersding withi¢ihnad

acetaddy (folot erh Ng1é hEouah MueexsGoolitt it «0.s54ipm hyEashide
(170 nﬁgl 'tiita' OQ ¥ag ﬁc';'ti{l?é’ TR @Q{%P' 84 €512 &l Qodoéﬁdo‘%he

Sl n mnistra}tiog rate o
e coP

soroe iy IR AL L0015 02 a0 ORIV SE T OB Sl
layer mesniveRhgR WoHe satwathdupquadrerseheiainiodi sedarion,
chloriaid (SOBanLPr efral airtied wadshpashpdechs Kodifuresudfatai ngfter
£iltraMibh, a6hbdE DA Q@NGRs %Qﬁgeﬂeﬁie&i QIR{C r%@)ﬁb@&oﬁi‘é@@ure

to obtdth %E' ?H' Qﬁi% ABRHVEE pnder; { ol ese Call o patePe
3f i cFFonteT sat SaporycAF ol ¢

YEIlOWéP§9HrBE?@%FEnidTPEtPEOQ%CWiﬂ?%MQﬁﬁchPo ?i%Ubsequent step

with ner yuhtbeytwsrifd davdopel ychromatic erythrocyte in 1000

[0534$rythrocytes 20[0700] No significant

r thon pag 14 (tzlile m),
Ry e

3.27 (ﬁﬁﬁké d he Hfnitif) st PabPohlgr Aps? of %t-HeHEdmpduhti-bf37 (5H,

m) . Exanple 3 :at a dose of 25 100 and 150 ng/ kg, and the
[ggggpdninistration group of the conpound of Exanple 9 at a
[Refergﬁég ﬁk%é§£ %9%] and 150 ng/ kg, and the eval uation

S negati ve In ot her. wor ds Ehe 0 oounds of

- M I. =itk ’. — ll- S

(7 )" & NS hr &G ain -n’- Y]

phenylphRyiet | Tradaspibe [Pns ?itwﬂise bone nar r ow

fosgém cronucl eus test used in evaluating 30 genotoxicity,
and therefore, highly safe. [0701] [Test Exanple 31
The conpounds described in Exanples 2, 3, and 9 of the

present invention were evalua%§ for concentration in

08¢ and 35 other org ELﬁ he adm ni stration by
the procedure as describ el®w. The Conparative
© onpound was—al-seseval u by the sane procedure.
1 187 The test substance was orally
a istered to fasted rat week old maleg Crj:CD
I rats purchased from Ch s River Laboratories

Japan, Inc.) at a dose of 5 ng/kg. Aninmals of
{0687Jabsorption test group (3 animals per group) were 5
, :sze@rivfs)cedalaynmeeﬂé undeyccethar izt pedndle thy23,-5-
azasp:.:pofsz &Shteﬁ?t %_e ?Eg %ougg 7afrri:m%rl)t 'ii dﬁygsolve 1n toluene

| 00 'evé

(82 mL{g A2 [FLBAoR e B Do eI ﬁ?ﬂ@%bﬁ@%oﬁiﬁ%ﬁﬁ"y
bis (2-me:hapyatéoxyialunimer hshgdeatinofolverel fEetiger (ih-6 ml,
259 mmndl)Ssiie twdsehenpgenl y edh afdledaddiopgidet in 51 5imicfut®sl in an

ice ba{fp:gcil' t@ﬁ%s'aﬁ@t Enner temperature did not exceed 70°C, and the
mixture was stirred at room temperature for 10 minutes. The
reaction mixture was cobled in an ice bath, and 25% (by weight)
aqueous solution of sodium hydroxide (100 mL) was added dropwise.
After guenching the solution, the solution was extracted with
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10 buffer (pH 7.0), and the supernatant was coll ected
fromthe honbgenate (3000 rpm x 15 m nutes, 4C)

Ani mal s of excretion test group (3 aninmals per group)
were placed in a netabolic cage, and the urine of 0 to
4 hours and 4 to 24 hours gfter the adm ni stration was
collected in a water-cool ed 15 contai ner.

Si mul t aneously with the collection of the urine, the
cage was al so washed with about 15 nL of 0.1 nol/1
tolueppobhbtatilbuf Tioe QWA QN aYETCBET etdshek Witinsaturated
aqueoas t @shed dro dfheodage. cl-osr Bial (1avi on) of axdnjiugatsbutyl

dlcarﬁé‘ﬁ}i‘tés 19 @Cgr onh de, mhde) Grld actied . sarmpd Q:éé@:&l@hsﬁlxture

| ted I
was s 1%ﬁ%9 I%%m ggggQ%X%Ed%W% a oﬁgga %ﬁ%&ﬁ%ﬁ a nt Was
remove di| i ﬁl%goam@%me&dlqﬁdt R-BERUg1/ fhe residuc as

purifhydricdiddice gel deahdnmedsiomedopuaphy s (ebiient fat hepane :

ethy 1[T£@eme@t &at-;wﬂvas edap U e vk iC1¥B0 VB Wii;{)odsf the
of,1-he Sasdt in
title Qgﬁﬁi ?fié%? %H%?E%E t E %2& fe.c)

course of the
[068 ver age concentratlon by usi ng pharnacoklnetlc
'H-NMRari#l0@sMEz s ofBWa) @ PISAG GR3(AS- MBdi2E, IMo. )0-i68-8 - FBnhEE, m),
0.77-0042 dapeneéent 10m0t hati nodel 1an2médBH, [@70%4]= [eTa#blHe)2] 1. 44
(9H, éﬁ9:iQ%pﬁbHBydeep9aLI@g ﬁhe?P§QﬁﬁdUE96%Squf0& the= g d .8 Hz),
s, e c a Y ongRou
.27 [0 N CRTBOURA, of HATBC Gu AP VAL OBEUAo-
7.32 {fn@fasted femal e cynonol gus monkey (3 5 anlnals per
M3 (E%ﬁmauﬁy whizh Bad)Been adninistered with a dose of 5
(oesarg/ kg in single dose, and neasuring intact conpounds

[Refeféhd%£@§g&gmg gfgfeted urine. The nmeasurenment was
ORAUCT € VB[ VS nq_hod €

EEEEEﬂﬁﬂﬁbﬁéHEREﬁﬁie 9conpound 1NFLX Fydratlng
[0690dDl ecul eEt OH. O 51120M . H20MCI 41 5820 Ser untCm
(g8./nl)anD141.03 t1/2 0148515.3

[0691]

To a solution of (78)-7-(tertiaxy butoxycarbonylamino)-7-
methyl-5- [ (1R) -phenylethyll} -5-azaspiro[2.4]heptane (18.0 g, 54.5
mmol) in methanol {180 ml} was added 10% palladium-carbon catalyst
(water content, 52.8%; 9.00 g), and the mixture was stirred at
room temperature for 18 hours in hydrogen gas atmosphere, and in
an oil bath at 40°C for 5.5 hours. After removing the catalyst,
the solvent was dried under reduced pressure to obtain 13.4 g
(quantitative) of the crude target compound as a white solid.

[0692]
IH-NMR (400 MH=z, CDCl:)d ppm: 0.38-0.43 (1H, m), 0.54-0.61 (2H, m},
0.74-0.80 (1H, m), 1.08 (3H, s), 1.44 (9H, s}, 2.75 {(1E, 4, J =
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AUCO- 24h I n. hint)15.95.11& 64 10 Recovery (% in urine
in 0-24h61.325.8& 1 relation to the anount
adm ni st eredRecovery (9% i ncludi ngb9.532.912.2
conj ugat e [0707] As apparent from
the data of the serum conggptration, the tissue
concentration, and AUC, the conpound of the present
i nvention, and in particular, the conpound of Exarrpl e
9 exhibited 15 a serum concentration and a tiss
7.6 HZdoncerfr alHorf by o1 dl- LalAl ni 3t+at {Bh whi eh= |§1a50%¥)'2
3.73-3.i7med 1Hi ghkr , 4 248 @M, A8C.val ue which is 1.5 to 2 tines

Ms (EdY)0hgk .t hegy tdgse+ of the Conparative conpound 1

[069 kndicating the excellent oral absorptivity and tissue
c !E) etratlon of the present conpound. Excretion rate in
[Refergnche BRaEP LY Lhfdut 1.5 times hi gher than that of t he

7- [ (7SCotpanand ve-neiipduid azappétre & 12475 ZL] ef Qe 1-
[(1IR, 2exseettﬂ@roa'mmb@ymssemeﬂhmar |4ord1mjydr§m4mnl gus
oxoquitBiKeY. 3 apd-di8Rlogdgenet rati on was about

[06924]

0
<NHBoc  F COOBF, F COCH
. | . )
N F h
H OMe A F - OMe A F
HN Me

[0695]

(78) -7- (tertiary butoxycarbonylamino) -7-methyl-5-
azaspiro[2.4]heptane (13.4 g, 54.5 mmol), 6,7-difluoro-1-[(1R,28)-
2-fluorocyclopropyl] -8-methoxy-1, 4-dihydro-4-oxoquinoline-3-
carboxylic acid - difluorcborane complex (17.9 g, 49.5 mmol), and
triethylamine (8.97 mL, 64.4 mmol) were dissolved in dimethyl
sulfoxide (52 mL), and the wmixture was stirred in an o©il bath at
40°C for 17 hours. The reaction mixture was poured into cold water
(1000 mL), and the precipitated solid was collected by filtration.
To this seolid were added a mixed solution of ethanol and water
(ethancl : water, 5:1) (180 mL) and triethylamine (15 mL), and the
mixture was heated under reflux for 1.5 hours. The reaction
mixture was dried under reduced pressure, and the residue was
dissolved in ethyl acetate (150 mL x 2) and washed with 10%
aqueous solution of citric acid (200 mL), water (200 mL), and
saturated agueous solution of sodium chloride (100 mL). The
organic layer was dried with anhydrous sodium sulfate, and the
solvent was removed by distillation under reduced pressure. The
residue was dissolved in a wmixed solution of chloroform and
methanol {chloroform : methanol, 9:1) (100 mL), and after adding
silica gel (10 g}, the mixture was stirred for 1 hour. After
removing silica gel by filtration, the mixture was washed with a
mixed solution of chloroform and methanol (chloroform : methanol,
9:1) (50 mL x 2), and the filtrates were combined and concentrated
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2.5 tinmes higher, and the urine excretion rate was

nore than 2 tinmes higher than those of the Conparative

compound 1. 25The conpound of Exanple 9 and MFLX

exhi bited sim | ar pharmakokinetics in rat and

cynonol gus nonkey. Howeverigs he conpound of Exanple 9

exhi bited significantly superior bl ood penetration and

urine excretion in cynonol gus nonkey, clearly

i ndi cating that the conpound of Exanple 9 exhibjts ‘
to drgneet| eFbe TOOi¢Ma YA GiSFELVES piBperBE TREEAoRY §roploric
acid $20mylwel)s peciaas ibat bath nonel tdtdnrredeatiniowh tspesiredure for
30 mih@/O8] &E@SEeggﬁﬂﬁ{%u%%u&ghﬁaﬁOﬁﬁﬁﬁ@ﬂhwﬁﬂﬂ%hﬂaaﬁtorm (400

ML x %t | ‘iht n ?8% ﬂééc‘%z% e Oﬁgn%EL g—gé‘&@%s%&ﬁ.%u% b EB&?&‘m

hydroyig #ap PHEPmREORS ﬁwu%é%% 58830 -8
and thelst avce Twihent rddlstednad| V- adpy rﬁ@,@:éxgedmd@o&rﬁﬂ@rlc acid.
The s&l@t iy wisCextbastedahys RIingr ebpoyofantd {IH0 mL x 3). The
organﬁ@ny éy %%saﬁélg&aﬁ{igwaﬁh agﬁ?”%&??ﬁﬁl%ﬁ?fd&%ﬁhﬁgﬁgehe
solveiliyians, AEIAAS BY Qb1 1118 LEpop -QRUah GrpeebEs! e
residug| WS MréfflﬁécPYcrwﬁbﬁt%zﬁﬁéoao%c’% hgnojs agfl e

crystdlig weare dmiedl unfé@? 08 dycEablpeedur€COR@ i 18V aAD(79%)
of thfR@iFQLORPBund &9 £LR0Q PInkOpetafr CM CO

'H-NMR and other data from instrumental analysis of this
product were fully consistent with the data of the compound
produced in Example 9. In other words, of the quinolone
derivatives having 7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yl
group, the quinolone dexrivative described in Example 9 which is a
compound with high activity has a S5-azaspiro[2.4]heptane-5-yl
group in which the stereochemical configuration at position 7 is
(78) .

f0696]

[Test: Example 1]
The compounds of the present invention were evaluated for

their antibacterial activity according to the standard method
defined by Japanese Society of Chemotherapy, and the results are
shown in MIC (ug/ml) in the table, below. In the table, MIC wvalue
is also shown for moxifloxacin (MFLX), Comparative compound 1

which is the compound described in Japanese Patent Application
Laid-Open No. 2-231475 (Patent Document 2), levofloxacin {LVEX),
gatifloxacin (GTFX), and ciprofloxacin (CPFX), in addition to the
compound of the present invention. {The structure below shows only
the core structure}. S. aureus, 87037 is LVFX-resistant MRSA and S.
pneumoniae, J24 is penicillin-intermediate resistant bacteria.

{0697]



192 [0710] The potential convul sant activity
upon intracisternal admnistration to nouse was al so
eval uated for the conconmitant and administration with
4- bi phenyl acetic acid (BPAA: an active 5 netabolite
of fenbufen) and in the absence of such concom tant
adm ni stration. The eval uati on was conducted by using
4 week old nmale Slc:ddY mice (6 aninmals per group) and
intracisternally adm nistering the test substance at a
dose of 59ng/5 nL/nouse (s@lvent, 0.5% ]l actpc acid).
N/bni i ¢0Qthe aniFa Colte 10 dapul i osoand
f d"c Htgrtedﬁiﬁ fafter he 'N‘istr_ation
orit i Wued to tey after nilstrati on.
uS¥Aconconi il;Ft heMEvF’W AAJ\Mg
suspended in 596 "&vc, and 400 ng/ kg was orally
mewctm ni st er ed atc:mps'atlvmtqrrwmnanmuntw%f 10 ni/kg, and the
test substance was 15 intracisternally adm nistered 30
m nut es ter the BPAA. [0411] [ Table 5]

~aeSdi eledon Ci st g 0t 12¢0okhe conmpound of the
pr ese I nfenti on exhip @@ convul si on induci ng '
nat a hi i'ch is higher that of the 5

kmo_l:cgaram ﬁe conp 1 butAl ower than ciprofloxacin
( CPFX) ch are widely used in clinical practice

GTi*di cat i ng weaker @Bfivul si on i nducing activity, hence,

{osssr]' gher safety conpared to CPFX. The test

[Table 11



Table 1

194 of concomtant admnistration with the biphenyl
acetic acid which is the nodel of the concom tant

adm nistration with the fenbufen al so indicated the
excel | ent safety of the present conpound since no case
of convul sion or death was found for the conpound of 5
Exanpl e 9 whereas convul si d85and death were noted in

t he adm ni strati®n of ciprofloxacin. [0713] [ Test
Sikanple sl oBm nehSpRg, newigrizatd qn test (GPMN) which
Si% Sac it def ¢ $0° aE cepted Aotlel ofoF del ayed antigenicity
was conducted actording to the nethod of Mignusson et
al. (J. invest. Dermatol., 52, 1969) by using a

cut aneous sensityf zati on concentrati on of 1% and a
St ch sansi tzat] gngand i nducki-on cEhBefitd Bt i onwat o
s DBISASEE &, 5the adl Bel 3v8ss seBsitd Ze8 by o & S © S
cut aneously adrrigﬂ stering the t este pysubstance (4 he
qui nol one conpouhds and the controf: vehicl e,
vasel ine) (1% sqlution in physiological saline + FCA
enul sion) at the phack of the head ofy, tL,he shaved gui nea
1 9% (TS8R B € SR g bey).. AL day- S o Bui o

$odi UM S Fat & (SEE “was” &ppl T &d fgrc’ sStTmfus® ©

(adj uvant treatffent), and on the rfext day, the test 20
subst ance coated on a wax paper was patched onto the
shaved skin to ROL seal ed sensitizatjon, and after 48
Bourss o 8t., day 19: 3 heguaxkd paparn. B8 L emued R The
Sk I Fedct FoR gs=cbSefved Bpor Fiie < @fofal.© en®day
22, the test suBstance (10% was patched onto the
anterior side of the body for induction, and the

i nduction 25 patching was renoved @after 24 hours. On
the anexd daye (ak Ha/ w24)s ang t kes n =gy g5) ,
HSapd delre BE e B (e BB oty fl st
description of fhg document as nerdizoned above.

Eryt hema and edema were scored, and the case with the
total score of 2 or higher was evaluated to be
ositive wth t Bex rAXi umeof 30 the«sgore bejng
Eor g ITWITSESE LB S HOUBS S s T
conmpound o aﬁp?e 9 was confir to be GPMI
negati ve (scorefﬂ 0). On the other "hand, Conparative
compound 1 exhibited a :

Example 10 Example 15 Example 16
0.025 0,025

Example 9

Example 8
0.012

&
0
o

0.012

i
(=]

Example 3

0.012
0.025
0.025
0.05

0.012
0.05

0.025

> N
o

0.78
0.78
0.2
0.1
0.2
0.78
0.1

i ~ > o
oo o ] L]

Example 2
_Example 2

0.025
0.05
.39

0.2
0.006

Example 1
0.39
0.2
0.025
0.1

2
0.78
0.1

Example 17
0.0086
0.012
0.1
0.39
0.1
0.026
0.1
0.2
0
0.1

Example 81
0.012
0.1
0.05
0.012
0.025
0.1
0.1
0.05

E. faecalis, ATCC 19433

8. aureus, 87037
E. faecalis, ATCC 19433

8. mavscecens, 10100
P. aeruginosa, 32104
P. aeruginosa, 32121
8. aureus, 87037

S. aureus, 2097
5. epidermidis, 56500

5. pneumoniae, J24
E. coli NIHJ

P. vulgaris, 08601

S. pueumoniae, J24
P. vulgaris, 08601

S. marscecens, 10100
P. aeruginosa, 32104
P. aeruginosa, 32121
S. aureus, 209P

5. epidermidis, 56500
8. pneumoniae, 424

E. faecalis, ATCC 19433
E. coli NIHJ

E. coli NIHJ

P. vulgaxis, 08601

S, marscecens, 10100
P. aeruginosa, 32104
P. aeruginosa, 82121
S. aureus, 209P

8, epidermidis, 56500
. 8. aureus, 87037
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5 score of 6.8, which is alnost the highest score. In

the nmeanwhil e, gem fl oxacin (gem fl oxacin nesyl ate;

product name, FACTIVE(TM) which recently becane

commercially available in the U S. has been reported

in the phase 3 clinical trigg which was conducted for

communi ty-acqui red pneunoni a and acute exacerbation of

chromic 196 bronchitis that it frequently devel ops

the side effect of rash and the rash devel opnment is
[0699F requent |y found after day 7 of the repeated
[Test aBwamplst r2dt i on. This gem fl oxacin was al so confirned

tthd SaMinges btbaecdd tih tHiemgaese20f3 6. £hdtd Of ithe present
inven@i&?s\cyert %v@é@ esh ﬁ}ésr&cg[seef %%n\gaﬁlakbﬁwcﬂﬁ@r AL LUEEL by

.__conpoun . Slince t gem fl oxacln.t é a een d th

usmgr%%?lt % 8an868%Pr%%h6“dﬁﬁéﬁ‘8aﬁeﬁtlc' ¥ postri §BS the
compoynds GHENMRtedgatERe cbrifpuild MeCH/paypiebenica hvaadtingn The
contréBSvdNdi.camed /i oNbeN Aotey giedueddal i skl bfie rasivent, and the
posit9ﬁ¥Qk9RE%ﬂtwaEOZ%éioﬂﬂbiﬁﬁﬁﬂidﬁxQE?E@Qﬁﬂoshamide, CP)
disso%@gf%ﬁgﬁ%gﬁ ggdh,5§%52y%,%PQ%|1bgg5§539 %ﬁﬁe%gmgféghwere

“Ts anin \{lflro_s a %dlevﬁugtlon system for
sterikigedl dvofildreyipant apmvaiiiley CRIGELERYE | & 178 pm) . Bach
solutiom hgshiing ralenbus by falarahilpy cardebbct rdess difodoamidld in
singlaVidde ks ghseaMes: asrfaidmonged F or2 @c/win.i nterval)

vﬁqn%hfnaﬁo%essgié %/w@}:eer&:oﬁ%@a%&adfﬁém ﬁﬁ;ﬁ é;%feeai; 8% nours

nol one.,anti bacter] agent was _coO by the
after bq SaRABLEFFBLET 1 Bt oHRSrcRE SHBERRET "5 PrPRipdge
After zg@inigggvwifh7aqyiding|arappen EREP P REHHEMAF6Ccki ng
erythefdyeets pd)y anihabhivwind abse¥relBxamite 2ldanieacs
microdocd®hke 8ot FFERIdIdLIE micrronucleated polychromatic
erythrocyte and ratio of the orthochromatic erythrocytes to the
polychromatic erythrocyte in 1000 erythrocytes.

[o7001
No significant difference in the wmicronucleus induction rate

with the control was found in all of the administration groups of
the compound of Example 2 at a dose of 50 and 100 wmg/kg, the
administration groups of the compound of Example 3 :at a dose of
100 and 150 mg/kg, and the administration group of the compound of
Example 9 at a dose of 50, 100, and 150 mg/kg, and the evaluation
result was negative. In other words, the compounds of the present
invention has very weak micronucleus induction in the in wvivo
mouse bone marrow micronucleus test used in evaluating
genctoxicity, and therefore, highly safe.

[0701]

[Test Example 3]

The compounds described in Examples 2, 3, and 9 of the
present invention were evaluated for concentration in blood and
other organs after the administration by the procedure as
described below. The Comparative compound was also evaluated by
the same procedure,. '

[07021
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69.98.3 39.0 10.8 20n=3 [0718] [Table 8]

187

The test substance wasg orally administered to fasted rats (7
week old male Crj:CD IGS rats purchased from Charles River
Laboratories Japan, Inc.) at a dose of 5 mg/kg.

Animals of absorption test group (3 animals per group) were
sacrificed by bleeding under etherization at 0.25, 0.5, 1, 2, 4,
and 8 hoursg after the drug administration, and bloocd, lever,
kidney, and lung were collected. The blood was centrifuged (3000
rpm x 15 minutes, 4°C) after coagulation to collect serum. Tissue
was homogenized after adding 3 to 5 mL of 0.1 mol/l phosphate
buffer (pH 7.0), and the supernatant was collected from the
homogenate (3000 rpm x 15 minutes, 4°C).

Animals of excretion test group (3 animals per group) were
placed in a metabolic cage, and the urine of 0 to 4 hours and 4 to
24 hours after the administration was collected in a water-cooled
container. Simultaneously with the collection of the urine, the
cage was also washed with about 15 mL of 0.1 mol/l phosphate
buffer (pH 7.0} to collect the urine attached to the cage. For
evaluation of conjugates such as glucuronide, the collected sample
was also aliquoted and hydrolyzed with an equal amount of 1 mol/l
agqueous solution of sodium hydroxide, and the hydrolysate was
neutralized with 0.5 mol/l hydrochloxric acid and measured for its
concentration. The concentration was measured by LC-MS/MS method.

[0703]

Pharmacokinetic parameters of the each drug in rat were
calculated by from the time course of the average concentration by
using pharmacokinetic analysis software PSAG-CP (A8 Medica Inc.}
in a manner not dependent on the model animal. '

[0704]
[Table 2]
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[0719] The hERG K+ channel bl ocking effect was
confirmed to be narkedly weak in the conpound of the
present invention conpared to MFLX and GTFX with
Cinical reports for the a®ai on of elongating 5 the QT
or QIc interval, and Conparative conpound 1. [0720]
[ Test Exanple 7] Mechani sm based i nhibition (MI) of
CYP3A4 was eval uated by using inhibition of
[070hydroxyl ati on at position 1 of midazolam 10 Wile
Coymarstaitvagc ohp opnokcddumehivfsietieiosi ghe f et the compound of

Examplé”@k”édM§&rhﬁlﬂe witepeENdeat venxt RerHrardicidiall goxr

L r qal
oS e
animals rﬁ’egzh %&H@énw%?%?ﬁ [ktﬁm]a Tséé%?ﬁ? aP 5
mg/kgiwaingd e doshe andgréanuriact iohaby epep@ypls in serum and
excretddiddiineqn, Tied haRigrsuehwh ahtdhduided tdye LicAMBE PiS | et hod.
[070 6k3y generation of a stable conplex of the netabolite of
[Ta bé}? Eoncomtant drug with the CYP, and the inhibition
£he inactivation of the CYP by the binding of the
Ph eﬁ? i_te of Ithe 2n concomtant drug with the hem or
arrﬁ?ﬁ? PPHETRAAICNBPEY &P irreversible, and such
drreversible inhibi t| on rmy I‘-‘a@&afa\“’pr a_substanti al
pefiBY™af t er st oppi E”‘T e adrfPTHPEt T at i®h of the
cohesireete drug and™Hiy* nduflé¥a seriBids*&i de effect.
Such 1rreversible Tnhibrtion |s callTed a
91t abdf4 ¢Hibased i nfi'biti on"! B“25 of thE cYP nol ecul ar
speci est®Hvol ved in t‘*ﬁe drug frit abol | s?\’?l n human,
cYP3ad &2 bgHY ed i B¥the net &Bol i sm ot *5096 or hi gher

RecovenQdy) lfdMRindr ug_in clinical use n pat ep docunent :
refation {othel gmolvie t abo?j% 2nd+dd. | Kagakq‘vEOJ in, 2000).
adrsteBt di HEY o C'ng'%\geslgﬂs whi ch %Xhi bits action for
Jug

CYP3A4 can be regarded as a substance

[0707]
As apparent from the data of the serum concentration, the

tissue concentration, and AUC, the compound of the present
invention, and in particular, the compound of Example 9 exhibited
a serum concentration and a tissue concentration by oral
administration which ig about 2 times higher, and an AUC value
which is 1.5 te 2 times higher than those of the Comparative
compound 1 indicating the excellent oral absorptivity and tissue
penetration of the present compound. Excretion rate in urine was
about .1.5 times higher than that of the Comparative compound 1
indicating the excellent urine excretion. The data was even
superior in cynomolgus monkey, and the blood penetration was about
2.5 times higher, and the urine excretion rate was more than 2
times higher than those of the Comparative compound 1.

The compound of Example 9 and MFLX exhibited similar
pharmakokinetics in rat and cynomolgus monkey. However, the
compound of Example 9 exhibited significantly superior blood
penetration and urine excretion in cynomolgus monkey, clearly
indicating that the compound of Example 9 exhibits excellent
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30 having a high risk of being involved in a drug
i nteraction. For exanple, clarithronycin which
is frequently used as a therapeutic drug for bacteria
respiratory infection is known to exhibit MBI action
for CYP3A4 (see the docungmp as nentioned above), and
use of clarithronycin concomtantly with terfenadi ne
35 (an antihistanmine) is conterindicated since such
concom tant administration_ results in the increased
pharmafifidetdAcRROPAT F H7F GTOt M8 LY el et e TRCIES PHE in more
than ondiabiilnadnspécide. t er f enadi ne net abol i sm by CYP3A4
[O7ogqaused by the clarithronycin, and prol onged Qr
[Test LNt erv %I gn the el ectrocardi ogram venti cul ar
ﬁ1t and occasi onal | 40 cardi,ac arre ar
AR N LI il Pt S te Rl
adminisgyedliod to hewee wvad earllyatedkarcyBlingy de khenmeeReddet
Ueda el a3. hi(ghrcamceafﬁatlartadaﬂ (Withoa s¢ grafiosant. Seife test

substd%%kghgscgﬂP QﬁﬁHh?&@Qﬂ&@qgﬁﬁkﬁ%ter &8y mice

i cal o 0 resent

(6 anifalg,PEEnIte Pes)t. rﬁﬁ % L cauf Ry i HeablouBLE
monitogieshfPy pealcerpe Wk idf 38e(9é11%‘b€?%ga@€%|té’§l a@ma%lstratlon
The teeftf e0bsthycd headrdigdontedachi ®nubastd 2oaqukeubBsolution of

lactlca%tc'l@n £Qs Q@%‘Ee [WQ‘EZ?,] kdestr w %e%] alyBMse. | ocal

ung i nfection nodel by penicillin résistant 10

[Ovosétreftococcus pneunoni ae (PRSP) was used to conpare
[Tab{fe} herapeutic effect of the compound of Exanple 9

and Conparative conpound 1. PRSP strain 033806
that had been anaerobically cultivated in Todd Hew tt
Broth was nasally adm nistered to Male CBA/JNCrlj mice
15 (3 to 4 week old; Charles R ver Laboratories Japan,
Inc.; 4 animals per group) under anesthesia with

ket am ne- xyl azi ne m xture. Conpound of Exanple 9 and
conparative conmpound 1 were orally adm nistered to
this injection nodel, respectively, at a dose shown in
FIG 2 (25, SO and 100 ny/kg/day) at 2 and 8 hours
after 20 the infection (treated for only 1 day at a
daily dose of 50, 100, or 200 ng/kg/day). Untreated
control group was adm nistered with distilled water
for injection. Nunber of the bacteria in the |ung was
nmeasured i medi ately before the drug adm nistration
for the untreated group (2 hours 25 after the
infection, indicated in the drawing as "Pre-control"),
and on the neaxt day of the drug adm nistration for
the untreated group (the next day of the infection,

i ndicated as "Post-control") and treated groups for
use as an index of therapeutic effect. [0723] 30As
evident fromFIG 2, while the in vivo anti bacteria
activity of the conpound of Exanple 9 for the test
bacteria was about 1/4 of the conparative conpound 1,
no significant difference was found between the

t herapeutic effect of the conpound of Exanple 9 and
that of the conparative conpound 1 in the oral 35

adm ni stration to the nouse | ocal |ung infection node
by PRSP for all groups adm nistered with the sane
dose.



Number of mice which showed convulsion

[0724] [Test Exanple 9] Therapeutic effect in rat
sinple cystitis nodel (E. coli) 199 Infection nodel:
Rats (7 week old nmale Crl:CD(SD) (1GS) rats, Charles
Ri ver Laboratories Japan, Inc., 4 aninals per group)
that had been deprived of jgater fromthe previous day
wer e anesthetized with ketam ne-xyl azine m xture, and
E. coli strain E77156 was 5 transurethrally inocul ated
(1.2 x 107 CFU/rat) in the bladder. After the

admyni stration, urethral orifice was closed for 2
heuts t o thereby prevent discharge of the bacteria

- obl §it Fos aand feeding of the water was started

simyl taneously with the termnation of closure. 10
Drug adm ni stration: Conmpound of Exanple 9 and
Conparative Conpound 1 were orally adm nistered
respectively at a dose of 5, 20, or 80 ng/kg on the
nexy day of the infection in a single dose. Eval uation
hE & &ctiveness: Nunber of the bacteria in the

bl afider was neasured i nmedi ately before the drug

adm ni stration 15 and on the next day of the drug

adnl nistration (2 days after the infection) for the
unt feated group, and on the next day of the drug

an nistration for the treated groups for use as an
indexeofe ther apeutic effect. [0725] 20 Results: A

s ghi Ti Taft decrease in the nunber of bacteria was
fOuhd only for the conpound of Exanple 9 when the dose
@?s 20 or 80 ng/kg/day. The therapeutic effect of this
conpound for the group with the dose of 5 ngy/kg/day
was| significantly stronger than the Conparative
@npodng & Accordingly, the conpound of Exanple 9 26
vas| dBnPn€trated to be a conpound which is capabl e of
r@al i zing therapeutic effects superior to those of the
Conpar ative Compound 1 (FIG 4). [0726] [Test Exanple
10]} 30The conpounds of the present invention were

eval uated for their anti-Mcobacteriumtubercul osis
actli vty according to the standard met hod defined by
Japlanes® Soci ety of Chenotherapy (Journal of Japanese
gocji ety of Chenotherapy, vol. 29, pages 76 to 79,
1981), and the results are shown in MC (ng/mL) in the
Tabl es 35 9 and 10, bel ow. The conpounds of the
pregsent invention exhibited superior antibacteria
gctivigx for Mycobacteriumtuberculosis. 200 [ 072 7]
f=% < -

w s

1/
4
6/

Exam

5 reg/mouse
15 Lg/mouse
50 e e/mouse
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[ Tabl e 9] Anti-Mcobacteriumtuberculosis (sensitive
bacteria) activity | 1 Strain/conpound (MC Rg/m1l)

| 1 Exanple 9 i RFPConparative conmpound 1 il | TB-s 2
0.0610.03i 0.125 TB-s 3 4 : 0 .06; 0.125 0.125 1
TB-s 4 192

[0710]

The potential convulsant activity upon intracisterxnal
administration to mouse was also evaluated for the concomitant and
administration with 4-biphenyl acetic acid (BPAA: an active
metabolite of fenbufen) and in the absence of such concomitant
administration. The evaluation was conducted by using 4 week old
male Slc:ddY mice (6 animals per group) and intracisternally
administering the test substance at a dose of 5 pg/5 pL/mouse
(solvent, 0.5% lactic acid). Monitoring of the animals for the
convulsion and death was started immediately after the
administration and continued to 30 minutes after the
administration. When used concomitantly with the BPAA, BPAA was
suspended in 5% CMC, and 400 mg/kg was orally administered at a
solution amount of 10 ml/kg, and the test substance was
intracisternally administered 30 minutes after the BPAA,

[0711]
[Table 5]
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{0712]

hibited a convulsion

her that of the

lower than ciprofloxacin (CPF¥) which

The compound of the present invention ex

h dose which is hig

inducing frequency at a hig

comparative compound 1 but

5

vulsion

1 practice indicating weaker con
higher safety compared to CPFX.

clinica

idely used in

are wl

The test

inducing activity, hence,



10

15

20

25

30

[I- TB-s 71 0.06 0.06 0.25 TB-s 8 0.030.015
0.06 TB-s9 0.060.06 0.125- TB-s 10

194

of concomitant administration with the biphenyl acetic acid which
is the model of the concomitant administration with the fenbufen
also indicated the excellent safety of the present compound since
no case of convulsion or death was found for the compound of
Example 9 whereas convulsion and death were noted in the
administration of ciprofloxacin.

f0713]

[Test Example 5]

Guinea pig maximization test (GPMT) which is a widely
accepted model for delayed antigenicity was conducted according to
the method of Mugnusgon et al. (J. invest. Dermatol., 52, 1969) by
using a cutanecus sensitization concentration of 1% and a patch
sengitization and induction concentration of 10%. At day 1, the
animal was sensitized by cutaneously administering the test
substance (the quinolone compounds and the control: vehicle,
vageline) (1% solution in physiological saline + FCA emulsion) at
the back of the head of the shaved guinea pigs (7 week old male
Slc:Hertley). At day 7, lauryl sodium sulfate (SLC) was applied
for stimulus {adjuvant treatment), and on the next day, the test
substance coated on a wax paper was patched onto the shaved skin
to for sealed sensitization, and after 48 hours (at day 10), the
waxed paper was removed. The skin reaction was observed upon the
removal. ©On day 22, the test substance (10%) was patched onto the
anterior side of the body for induction, and the induction
patching was removed after 24 hours. On the next day (at day 24)
and the next day (at day 25), the skin reaction was evaluated
according to the description of the document as mentioned above.
Erythema and edema were scored, and the case with the total score
of 2 or higher was evaluated to be positive with the maximum of
the score being 7.

[0714]
[Table 6]
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[0715]
The compound of Example 9 was confirmed to be GPMT negative
(score, 0). On the other hand, Comparative compound 1 exhibited a

score of 6.8, which is almost the highest score. In the meanwhile,
gemifloxacin (gemifloxacin mesylate; product name, FACTIVE(TM))
which recently became commercially available in the U.S. has been
reported in the phase 3 clinical trial which was conducted for
community-acquired pneumonia and acute exacerbation of chromic



0.06 0.06 0.125 TB-s 16
0.060.06 0.125

0.03 0.125 TB-s 15

TB-s 17 j 0.06 0.06 0.125
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bronchitis that it frequently develops the side effect of rash and
the rash development is frequently found after day 7 of the
repeated administration. This gemifloxacin was also confirmed to
be GPMT positive with the score of 6.8 which is almost the highest
score as was the case Comparative compound 1. Since the
gemifloxacin that had been reported to induce rash development was
GPMT positive, the GPMT negative compound of the present invention
was indicated to have a reduced risk of rash development.

[0716]

[Test Example 6]
Measurement of hERG-K' channel blocking effect which is an in

vitro standard evaluation system for cardiotoxicity (an
abnormality inducing lethal arrhythmia which is found by an
electrocardiogram and which is observed as prolonged QT or QTc
interval) which has recently been reported as a side effect of
guinolone antibacterial agent was conducted by the method

20

described in Biophysical Journal, vol. 74, page 230, 1998.
[07171
[Table 7]
hERG-K" channe! blocking effect (1)
bt G ti
'”h('f/:t)"’" Exsmple 2 | Exampled | Example 9 |compound 1|  MFLX GTFX
30uM - 38121 53+4.1 74145 6.7L£8.3 339+8.3 8.1:+x60
100.M 85:+12 | 120£40 | 102+54 | 135431 | 446+10.2 ) 176115
3004M 18.2+42 | 223%07 | 20.1x74 | 24811656 | 699+83 | 35.01L108
n=3 '
[0718]
[Table 8]
hERG-K" channel blocking effect (2)
— |
'”h(';'lgo“ Example § | Example 22 Example 20 | Example 25 } Example 23 | Example 27
D
130uM 15518 | -1.3+101 | 14%45 | 20+72 | 3.0+41 | -18%68
100:M 21423 0679 85+61 43+79 46+47 0.0x8.0
300aM 23173 21.5+69 145+60 | 17.1+144 | 16784 | 8.9X110

n=3
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[0719]

The hERG-K' channel blocking effect was confirmed to be
markedly weak in the compound of the present invention compared to
MFLX and GTFX with clinical reports for the action of elongating
the QT or QTc interval, and Comparative compound 1.

[0720]

[Test Example 7]
Mechanism-based inhibition (MBI) of CYP3A4 was evaluated by

using inhibition of hydroxylation at position 1 of midazolam.
While Comparative compound 1 exhibited significant inhibition in a
manner dependent on the preincubation time and the drug
concentration, the compound of Example 9 exhibited weak inhibition
even when used at a high concentration.

{07211
Several mechanisme are involved in the drug interaction by

the CYP inhibition, and among such inhibition, the inhibition by
generation of a stable complex of the metabolite of the
concomitant drug with the CYP, and the inhibition by the
inactivation of the CYP by the binding of the metabolite of the
concomitant drug with the hem- or apo-protein moiety are
irreversible, and such irreversible inhibition may last for a
substantial period after stopping the administration of the
concomitant drug and may induce a serious side effect. Such
irreversible inhibition is called a “metabolism-based inhibition”.
Of the CYP molecular species involved in the drug metabolism in
human, CYP3A4 is involved in the metabolism of 50% or higher of
the drug in eclinical use. (Non-patent document: Drug Metabolism,
2nd ed., Tokyo Kagaku Dojin, 2000). BAccordingly, a reagent which
exhibits MBI action for CYP3A4 can be regarded as a substance
having a high risk of being involved in a drug interaction.

For example, clarithromycin which is frequently used as a
therapeutic drug for bacterial respiratory infection is known to
exhibit MBI action for CYP3A4 (see the document as mentioned
above), and use of clarithromycin concomitantly with terfenadine
{an antihistamine) is conterindicated since such concomitant
administration results in the increased blood concentration of the
terfenadine due to the inhibition of the terfenadine metabolism by
CYP3A4 caused by the clarithromycin, and prolonged QT intexval in
the electrocardiogram, venticular arrhythmia, and occasiocnally,
cardiac arrest are found. However, the compound of Example 9 was
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revealed to have a clearly weaker MBI even when tested at a high
concentration (with a significant safe margin compared to the
postulated concentration in clinical use}. Therefore, the compound
of the present invention is estimated to be associated with a
greatly reduced risk of developing clinical side effects by the
drug interaction based on the MBI action for CYP3A4.

[0722]

[Test Example 8]
Mouse local lung infection model by penicillin resistant

Streptococcus pneumoniae (PRSP} was used to compare the
therapeutic effect of the compound of Example 9 and Comparative
compound 1.

PRSP strain 033806 that had been anaercbically cultivated in
Todd Hewitt Broth was nasally administered to Male CBA/JNCrlj mice
(3 to 4 week old; Charles River Laboratories Japan, Inc.; 4
animals per group) under anesthesia with ketamine-xylazine mixture.
compound of Example 9 and comparative compound 1 were orally
administered to this injection model, respectively, at a dose
shown in FIG. 2 (25, 50, and 100 mg/kg/day) at 2 and 8 hours after
the infection (treated for only 1 day at a daily dose of 50, 100,
or 200 mg/kg/day). Untreated control group was administered with
distilled water for injectiocn.

Number of the bacteria in the lung was measured immediately
before the drug administration for the untreated group (2 hours
after the infection, indicated in the drawing as “Pre-control”},
and on the neaxt day of the drug administration for the untreated
group (the next day of the infection, indicated as “Post-control”)
and treated groups for use as an index of therapeutic effect.

[0723]

As evident from FIG. 2, while the in vivo antibacterial
activity of the compound of Example 9 for the test bacteria was
about 1/4 of the comparative compound 1, no significant difference
was found between the therapeutic effect of the compound of '
Example 9 and that of the comparative compound 1 in the oral
administration to the mouse local lung infection model by PRSP for
all groups administered with the same dose.

[0724]
[Test Example 9]
Therapeutic effect in rat simple cystitis model (E. coli)
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Infection model: Rats {7 week old male Crl:CD(SD} (IGS) rats,
Charles River Laboratories Japan, Inc., 4 animals per group} that
had been deprived of water from the previous day were anesthetized
with ketamine-xylazine mixture, and E. coli strain E77156 was
transurethrally inoculated (1.2 x 107 CFU/rat) in the bladder.
After the administration, urethral orifice was closed for 2 hours
to thereby prevent discharge of the bacterial gsolution, and
feeding of the water was started simultaneously with the

termination of closure. - :

Drug administration: Compound of Example 9 and Comparative
compound 1 were orally administered respectively at a dose of 5,
20, or 80 mg/kg on the next day of the infection in a single dose.
Evaluation of the effectiveness: Number of the bacteria in the
bladder was measured immediately before the drug administration
and on the next day of the drug administration (2 days after the
infection) for the untreated group, and on the next day of the
drug administration for the treated groups for use as an index of
therapeutic effect. '

[0725]
Results: A significant decrease in the number of bacteria was

found only for the compound of Example 9 when the dose was 20 oxr
80 mg/kg/day. The therapeutic effect of this compound for the
group with the dose of 5 mg/kg/day was significantly stronger than
the Comparative Compound 1. Accordingly, the compound of Example 9
was demonstrated to be a compound which is capable of realizing
therapeutic effects superior to those of the Comparative Compound
1 (FIG. 4).

[0726]

[Test Example 10]
The compounds of the present invention were evaluated for

their anti-Mycobacterium tuberculosis activity according to the
standard method defined by Japanese Society of Chemotherapy
(Journal of Japanese Society of Chemotherapy, vol. 29, pages 76 to
79, 1981), and the results are shown in MIC {ug/ml} in the Tables
9 and 10, below. The compounds of the present invention exhibited
superior antibacterial activity for Mycobacterium tuberculosis.




MOR 1 0.125 16 1 0.5 MDR 3 10.125 128 0.5 MDR 4 0. 25
H64 0.5 MDR5 0.532 ) 1 MOR 7 0.125>128 "'

0.125128
200
[0727]
[Table 9]
Anti-Mycobacterium tuberculosis (sensitive bacteria} activity
(MIC: ug/ml)
Strainfcompound | Example 8 | RFP | Comparative compound 1
TB-s2 0.06 0.03 0.125
TB-s 3 0.06 0.125 0.125
TB-s 4 0.06 0.06 0125
TB-s§ 0.06 0.06 0.06
TB-5 6 0.06 | 0.125 | 0.125
TB-s 7 0.06 0.06 | 0.25
TB-s 8 0.03 0.015 0.06
TB-s 9 0.06 0.06 0.125
T8-s10 0.03 0.06 0.08
TB-s 11 0.06 0.06 0.125
TB-s 12 0.125 0.125 0.25
TB-s 13 0.06 0.06 0.125
TB-s 14 0.06 0.03 0.125
TB-s 15 0.06 0.06 0.125
TB-s 16 0.06 0.06 0.125
TB-s 17 0.06 0.06 0.125
TB-s 18 0.06 0.03 0125
TB-s 12 0.06 G.125 0.125
TB-s20 0.06 0.25 0.25
TB-s 21 0.06 6.03 0.125
TB-s 22 0.03 0.015 0.06
Kurono 0.03 0.06 0.06
H37Rv 0.03 0.125 0.06
Ravenel 0.03 0.125 0.06

RFP:Rifampicin

0.5 MDR 9



0.5 MDR 12 0.125128 0.5 0.125 >128 1 2.(9R-6)
0.5%$>128 128 31QR-1) 0.25 128 2 4,(95-9) ,

201
[0728]
[Table 10]
Anti-Mycobacterium tuberculosis (quinolone sensitive) activity
(MIC: ug/ml)
Strainfcompound | Example 8 RFP Comparative compound 1
S 1 1 16 2
MDR 1 0.125 16 0.5
MDR 3 0.125 128 0.5
MDR 4 0.25 64 0.5
MBR 5 0.5 32 1
MDR 7 0.125 >128 0.5
MDR 9 0.125 128 0.5
MDR 12 0.125 128 0.5
1 (QR-3) 0.125 >128 1
2 (QR-6) 0.5 >128 128
3(QR-1) 025 128 2
4 (QR-9) 0.25 >128 32




202 CLAIMS 1. A conpound represented by foll ow ng
formula (l1): or a salt thereof, wherein |V represents
hydrogen atom an al kyl gr@up containing 1 to 6 carbon *
atons, a cycloal kyl group containing 3 to 6 carbon
atons, or a substituted carbonyl group derived from an
amno acid, a dipeptide, or a tripeptide; the alkyl
group being optionally S@E%&#@¥ted with a substituent
sel ected fromthe group i ng of hydroxy group,
am no group, halogen atom an al kylthio group
containing 1 to 6 carbon atons, and an al koxy group

1. A@thpohd YegresontedChy Mmﬁr@mrmmal(ﬁpr esents hydrogen
atom an alkyl group containing 1 to 6 carbon atons,
or a cycloal kyl group containing 3 to 6 carbon atons;
the al kyl group beingyoptionally substituted with a
substltuent1selected romthe géoup consi sting of
hydr oxy 3 S OQROgen atom an al kylthio
group, Rt ai ni carbon atoms, and an al koxy
groun cont ai nijeg carbon at ons;: represents an

R 1 to 6 carbon at ,or a

roup contlgi ning 3 to 6 carbon atoms;an

' ontaifng 2 to 6 carbon atoms; or an

roupRContaining 2 to 6 carbon atons; the

gg optionally substituted with a substituent

sel e the group consisting of hydroxy group,

am no grou hal ogen atom an al kylthio group

cont ai ni ng 1 to 6 carbon atons, and an al koxy group

ﬁg%g n|n 1 to 6 carbon atons; R4 and R5

or W T23Br esent rogen at om .hal.oge
R! wrame@ﬁ y P@%g%ﬁt m% @f%w egntaiipg 14 f?%&ﬁ Lb&ﬁl atoms,
aakkelpalkyl ogeupooataining 13 tto 6 carbioon agemas orop anbstituted
cﬂiﬁtﬁ!ﬂ@rlﬁpl&brﬁwﬁ fiom G Antino Gotdr b)ohpaptods oma tripeptide;
Beﬁ%"hﬁhﬂhﬁﬂ ZdRtRubA RAth 3t elBstifferdselected

S

cgntamm$l t@ﬁg:m‘b@lha‘wm@r br anched group; the aI kyI
R2? wipeeserteihydrogin atah) ym silkgl grouwpedntaining Isiebd tatheamtoms,
o8 &l §elRMky I APubh@nPARHAE GOfSE 84ibMe Monty dheXlk gl SéRp being
oéﬁbflgllgr gﬂBiﬁ{lﬁJ gg %Pit@t %m Lﬁfétﬁhgﬂ£ t E‘él@ct%ﬁo Lf'@omr g:ll}e group
cop g, s o i Bto i b et gl 50 i
groun coutadmiaerh to Peanben stoms and sustikoRy gregR soBtaiRing 1 to
6@arbdwe asatnst i t uents R4 and Wtogether represent (a) a
R3 rRpréfe s MRITRRE Greup | dotit Sinibig tIUEL6i dagholliatgmishie £aydealkyl
gﬁf Hﬁaﬁﬁﬂlg[bg 46 %apbéé{ hoihQlh ANy %'}Mﬁ bicbnaining 2 to 6
rro | ne ri Sho Ol the
&G g R o% ‘8? PR
gmlmnbssn% opitwgaHﬁn%éfrst ﬁd v&lﬁh éﬁ&ﬂqﬂyﬁ Belents from the
graMgs t ¢ansissthgv afh hydraexk ygrompo u@mar.mt giraimghalageng atom, an
aba/bee gEAurs contdianad |1y tbay idaghéen hetoags nawd am aflkexy group
&y@gﬁn{ £ 6 Qb Lmﬁﬁgnethylene group bondlng to the

o i eﬁ%‘lﬁﬁ%? °%g§ui3§§% IR Yl glions?

I‘UC re w

STPUNCARRIBIAE &rioup carhRmGtemaupn SHOUR SAptARIng 1 to 6
cattiopl abimsgoo R edmemgilngrompl contadniog Bote &t ombonaptbias an
aBhBA \erghp Upntdnigt Ritdd darbontatoald)on aai opEondby anbstituted
oy (!19;91 CO hpycar%aiﬁ%%ng by & egfibAla25ig) BB é‘l']sﬂ&'l"group the

BRSSP Mt k0 5L SR 50 S350 it o

carbon atons, a hal ogen-substituted cycl oal kyl group
containing 3 to 6 carbon atons; 112 represents

hydr ogen atom phenyl group, acetoxynethyl group,

pi val oyl oxymet hyl group, ethoxycarbonyl group,
chol i ne group, dinethyl am noethyl group, 5-indanyl
group, phthalidinyl group, '



204 following formula: wherein 111, R2, 1/3, R4, R5,

R6, R7, Rs, R9, xi, and A are as defined above. 3.

The compound, or a salt thgogof according to claim1l ©
wherein RI- and R2 in the forrmula (I) are hydrogen

atom 4. The conpound, or a salt thereof according to
claim1l wherein either one of RI- and R2 in fornul a

dr ogen, at o nd the her a_substituent
stidighf POl nkiHEe], e Jﬁrf?u S b bl; Rpgionally
sgbégﬁutegn anglg, cf o‘ﬁ%‘?ﬁé ylegf (ﬁpéec e R cqﬂSl%mg of
hyaroxy Fevwnfamooogtiupg hadogeraamm, an alhﬁlrt ingtyipneontaining
1fwm¢habdd htos@idyhn gkoup cpouptcbutainiwg . to ® cafbn atoms;

”Wiﬂ?@he ro¥isAkhat T 88 REGRE dfl('?cg sirﬁuR‘aﬁbHﬁély hydrogen
@rﬁsln elther one of R4 and R5 in formula (I)

sitiagufy L goeB" tratear ToPE ”3%33% qam%]ﬁ‘i‘eg;b?ly@d cyclic

strupipre rioehwding uthg carlyup atem yery | byyugnd to form a

spm@bjad[cowhc’gxr@umthfﬂhmpmmhﬂyﬂte gin@y phe vhub deymgd cpmxo ring
optidyhll rc%l@anﬁﬁg khyey ht&h%ipsulflfr a%iﬁ AB0dTBRINEhe nierdatom,

a?ﬂlh% éﬁfﬁeﬁ% %Iﬂgormcat) [ Opane HﬁRéomqnﬁ%llhtOG
ety lb ool rving bR g‘éar Mro?ng%??grléae%@; q
expreBy kegefgiompa @Hilflﬁc% ¢ pyryalidine ang Py degble bond, the
exompbdhyldne ogroapsap tiondldy dutviag copdighgubstivlemitmstlected from
haesef Brétp, aifiddgidn Qfaﬂb@sﬂl Gtom! @gelkelthiogrouwicontaining
15608 LA o 0B léf?ld %@1@ 1rﬁf1g51 &%Eafﬂ?ﬁ{%ﬁns,

Re Fh it digpferiadt refaesefht St 8l % o] rou
C@%@\&wg l\é@@r‘iﬁrh 8°%®Sai ns wherein A in for nul a (1)

RS msplaesantseayhal@geemtbtsadumd adkyhugeoupl £9ntainmg The 6 carbon

atompounHalogenasdatitutdie cpdbalod andupgcdrtathidigBlto 6 carbon
aphggein X2 in formula (I1) is nethyl group, ethyl

R® %nggéentg%% (rallqga&% O&ﬁﬂ}&i ﬁﬂﬁt Egé%’n%dﬁr)] :é¥815&g Pltvaloyl
oFFiRetBYL 28I %PESY mwa« n ’P‘i’] fgb”PHH1 ; dumethyl
aminpethylnet tgybupy oup5 ‘ordaeyhoxyergpup. phgh group,
Sealipbruko- b3-diosel-4-ylietkylf gengyritaogioky- Z:bmhutyl group, an

alhar ebduR%onRafhaul aid 16 da%béh atoms, an alkoxymethyl group
c(]ngalﬁlr%% {@l’?ogglqﬁ)?yi (grﬁ(%ggi‘ Cg)rh%g,? alk f'grimﬁ coPprlsmg an
BF £TRP Fontedping

the

carhOn agprs g i

X1 lﬁpze%er&szhﬂdapmﬁmcqr@ alngengtenp andi5. The

A rqoepentiyitrugea s@int ot haneafty aeprasenber by formiutn {4):
wherein the 1, 2-cis-2-hal ogenocycl opropyl group which
is 12,9 in formula (1) is
(1R 2902- ogenocycl opropyl group. ‘16. The
conpound)yor a salt thereof agecording to claim 14
wherein the (1R, 2S)-2-hal ogen®eycl opropyl group which
is RO inXornula (1) is (1R 2S)-2-fl uorocycl opropyl
.group. 17. The conpound or a salt thereof according
toclaiml V\hereln RO in fornmula (I) is hydrogen atom

w:lérel-ﬁ‘ gz H3fdr8 éﬁ‘l étohf‘ efh? %flk P%%&b RentAnfAi1Mo 6

oun
c%rt'born %Pﬁ ggl %ﬂi S 8 88&1& 1 ¢ c&rbon Gatoms cyano
g§‘§ﬂé§t OPpgm Hgﬁgri’oug\a&pﬂﬁa %H‘rrSﬁ u&? 7&%@%& #goup, or a
h3logegomeathoxypgrew.i di ne- 6-fluoro - 1- [(1R 2S)
-2-fluorocycl -

20ARP ¥bhrpbuhddi diy 4 8a13- FRIrBYE @AY ROLlAfT 3- GeHdeKY the
c%hgoﬁﬁg%?%sre;ﬁg%@g& th@? {.1 au(éfgs Q?bﬂ]%{)fﬁﬁfg})r%sefnted by the

Iuorocyclopropyl]

-1, 4- di hydr o- 8- net hoxy- 4- oxoqui nol i ne- 3-car boxylic
acid, orasaltthereof, 7- [3- am no- 4-ethyl-

3-methyl pyrrolidine - 6 -fluoro- 1- [(1R 2S)-
2-fluorocycl opropyth 1, 4- di hydro-

8- met hyl - 4- oxoqui nol i ne -3-carboxylic acid, or a salt
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nmet hyl - 4- oxoqui nol i ne- 3- car boxyl i caci d, orasal tt her eof;
743- am no- 3- net hy1-4-i sopr gpyl °
pyrrolidine-1-y1]-6-fluoro-1-[ (1R, 28)-2-fl uorocycl opro
pyl] - 1, 4-di hydr o- 8- -

nmet hoxy- 4- oxoqui nol i ne- 3- car boxyl i caci d, orasal tt her eof
;.. 7-.[3-am no-4-cycl opropyl - 3-nethyl pyrrolidine - 1-
f%ll?‘i"&gﬁ Blrﬁluqﬁ( 1R 2S) - 2 - -

fl uorocycl opropyl] -1, 4-di hydr o- 8- net hy1- 4- oxoqui nol i ne
-3-carboxylic acid, opasaltthereof; :

713- ami no- 4-cycl opr opyl- 3- met hyl pyrrolidi ne-1-y11-6-fl

c 9
fl uoroc : rhy r%)—RS- met hoxy- 4- oxoqui nol i n

e- 3- al tthereof;

743- yl pyrrolidine-1-yl]-6-fluoro-1
-[ (RR; cyclopropyl] - 1, 4- di hydr o- 8- et hy1- 4-
oXoqui poNLAeg 3- car boxl;tFi c acid, or a salt

743- N %yl ene- 3-net hyl pyrrolidine-1-y1]-6-fluo

ro-1- E(AR 29)-
- 2-f1 upyocychopropyl ] -1, 4-di hydr o- 8- net hyl - 4- oxoqui nol
i ne- Rcarb ylic acid, Orasal tthereof; _

7-[ 3-am no- 4- net hyl ene- 3-net hyl pyrrolidine-1-y11-6-flu
oro- 14( 1R, 2S) - 2-f l uor ocycl opropyl1l- 1, 4-di hydr o- 8- net ho
wiyeréiwRIgR2NBE] Re-BE, & R3xRE,i B9, 8Kl dnddk asmbs definedfabove.
743- am no- 4-f | uor onet hyl- 3- net hyl pyrrolidi ne-1-y1]-6-f

3. 4YLackinpéb ,20§)é 2alt thereof ac ording to claim 1 wherein R! and R2
N T s S

7-[3-am no-4-fluoronet hyl-3-nethyl pyrrolidine-1-yl]-6-
4 Mher @nipdind, @3 salt thereof according to claim 1 wherein either one

of R1ugidBY ¢h dpranlaliD 1s Aydidpety atodn artdhbe)othen xogquiubstituent

—Pa A [ i t eofls
RIS Rl AL ot s,

i &R y1l]-6-fluoro-1-[ (1R, 2S)-2-fl uorocycl opro
pyl] - 8- net hoxy- 1, 4- -

5di My compourdg ar mosalhgherecfranspydingaie elaimal 40 twhetednR? in
formula (I) is methyl group or ethyl group.
7-(3-am no- 4- net hoxy- 3- net hyl pyrrol i di ne-170-6-fl uor o-

6: h%inég%ﬁgdf UPLOEABL PRI AR bliflg 1B iy 1 #nétdid Yiftich one
- [ 1 NE-"3- , g h .

TR O S L R
mathyl Rrogp, ethylgesby BropabHyoFE. SRURe 1§AProRy H BEgA: aormal
buexbauronp) ioneethyesi bgwopip, coyabipdopyl gasapt fhereofethyl group,

_ . :
shéehonf Bodps i prdes | HEOFR oS | R 29 2

7 v le(ilgxi&,loqoxpr ggﬁ[tﬁiegg(gﬁﬁc':ﬂgﬂiﬁgetpf_l%i&? 1 wherein R4 and R5
in- oy did tosefhert foran cgyclopropane ring or cyclobutane ring
including the carbon atom shared by R¢ and R5 to form a spirocyclic

structure.

8. The compound, or a salt thereof according to claim 1 wherein R* and RS
in formula (I) together form an exoalkylene group.

9. The compound, or a salt thereof according to claim 1 wherein X! in
formula (I) is fluorine atom.



[(3S,4S) - 3- amno - 4-fluoronethyl -

nmet hyl pyrrolidine - 1 -yl] -1-cycl opropyl -

fl uor o- 8- met hoxy- 1, 4- di Bpdr o- 4- oxoqui nol i ne-3-carbo °
lic acid, or a saltthereof;
[(38,48)-3-an1no-4-f|uoronethyl-s-nethylpyrrolidine-
yl]-6-fluoro-1-[ (-

R, 2-fluorp-1-cyc t hy 4 di hydro-4-, .
139& i s o %alime%%ﬁ aorunl b g} WAL A in
grppds(l) & aJnaiety seprespibndobe fomula (H Lhy| pyrrol i di ne-

1 y1] - 1-cycl opropyl -
116-THel @ds:@psuﬁa; byla— $alt- thefrydf Aecbraiat tb Rdkinna- SAeaeioX?2 in

£ ﬂaﬁle@ﬂﬂj ohp, oup, methox% group, dlﬂuoromethoxy
ereo upl 103 atomuoro yl pyrrolidine-

gr?PP ‘é’f’f"f"
1R, 2S) - 2-fl uoro-1- cycl opropyl i - 8- net hoxy- 1, 4- di hydro-4
120;%hgcomiponad3 ot & saltoshareehareprding 4 tolaiar dofwherein X2 in
fdrrh (BRI Bisamie tioyl4srblup arran dthedyhgriopyr r ol i di neThyl k6-f 1 u

or o- 1- [(1R 2S) - 2- -

13 }Sﬁh pro?@% Itsﬂ{g%{}%/ %ﬁ&réleé by Y Qi 1OKIRPENORS in

ihe- 3- asa
foipp f"?é‘saﬁh o R PR OBSHERYPpy 1 of 1 di ne- 1-y
1F6-fluoro-1-[ (1R, -
12S)The toémpoond; oyd ealtofhdrpeBacwirioxy td claidh Hy dherdinoR?® in
foaLRe(m E‘@a%t@@bb@émmdll}ﬂﬁﬁtéjl or@ds@-halbeeaoedyiclo Cipropyl group.
7[(38) amno3f|uororrethy14rrethylpyrroll nely

] - S or O-
1#9 coTpoEnd Saﬁy% rsg?t lih%ls?ga &C %]ﬁlﬂ% t Cléi E%ywherem th_e
L2 ceséihaleganosyelopesnyds -group * whic in formula (I is
(TR[28)drhatogenoey Aynrdpyhzaswp.r of 2. 4 hept ane- 5- y1[ - 6-f | u
oro-4-[ (1R, 2S)-2-fl uorocycl opropyl] -1, 4-di hydro-8-neth

Bl*ﬂlé%&ﬁh oﬂﬂld' eig saflf gﬂé%:o? o%c@&x‘cﬁln Ot{o é!gﬁht ilﬂev(rﬁ&fem the

@W. it L i) ¥"§§% 20%‘?%%“[5%13}% PRI Il s
slapyep xylic acid, Orasal tthereof

718 am no- 8 nmet hyl- 6- azaspi r o[ 3. 4] oct ane- 5- y1F6-fl uoro

171THel BodPpundf louaar ealtctlopeop ybdorliveg db hytaim-Bwiedreyd R in

f&rrﬁﬁﬁg Dqghy@ﬁ;g%n%gpxyl ic acid, or a saltthereof; 7-
- - ani no -7 - nmethyl-5- azaspiro [2. 41heptane -5

1R

7.
3-
- 6-
Xy
r
1-

9| o éﬁvﬁr?ﬁidw)ﬁd&goaﬁ.%w n]e ~vehergip the
cgmomsl |drm@ila g&rat&tﬁ@@bemwally pure compound.
[(7S)-7-am no-7-net hyl -5-azaspiro [2.4] heptane -5

19Y1] A 1-&i6pOREOPY keRet® - from the group conmsisting of

t% hids-4i 41 h '1 QL 1-6-fifd 3[ I’ 235: '2dflu6’1roc?cl
Sgcl)gﬂljua E p-zi:{:’zf;y %?rfizct Iﬁq 3 gl%%r 612 acu{ oor a salt
thereodpr op{3-pmigo; {iﬁiéwi )Eyrmlrdlapol yllchHaareidri(HB.239-2-F

luamcpdeytopylhijddilyrdra-8-methoxy-4-oxoquinoline-3-carboxylic acid,
or a salt thereof;
7-[3-amino-4-ethyl-3-methylpyrrolidine-1-yll-6-fluoro-1-[(1R,25)-2-fluoro-
cyclopropyll-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, or a
salt thereof;
7-[3-amino-4-ethyl-3-methylpyrrolidine-1-y1l-6-fluoro-1-[(1R,2S)-2-fluoro-
cyclopropyll-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid, or a
salt thereof; 7-13-amino-3-methyl-4-isopropyl
pyrrolidine-1-yll-6-fluoro-1-[(1R,28)-2-fluorocyclopropyll-1,4-dihydro-8--



sal tt her eof ; and

7-1(7S)-7-am no- 7- met hoxy-5-azaspi ro[ 2. 4] hept ane-5- A-1
-cycl opropyl-8-me- thyl 206 e
-1, 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid, or a

salt thereof. 20. The conpound, or a salt thereof
accordlng to claim17 wherein, in the conpound of

bsolLute, configuration at positio
“i‘zﬁi (0,!;3} ’89? b%’ﬁgéct |gt Fe onofhg Pyrr %%jltdl nthereof:
SrRniro-f ISO‘PH%P ound, or a salt_thereof

precdiddnerd -yid 6cflaorn- 11 ES |2nﬂummcydepmmdb&rﬂjddfydr0 8-
niéthmdjfﬂl éidqulﬁbﬁﬁé Btearborfligur alcidn abr posi ti ealt3  thereof;
7RSI A; cﬁﬁa?g,;ylh yﬁeh&ﬂa&ﬂ yIP6-fRYdroof-[d RIES)-2--
ﬂggﬁ(gqygfqp %}‘[] 1 dlhydro éﬂgrl SELES G ohih&'%. éeﬂ%o%xﬁé’p acid,
oy [ 7- ami no- 7- net By 1- 5- azaspi r of 2.%hept ane- 5- yl{ 6- Figreot
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of forrmula (1), absolute configuration at position 3
where am no group has substituted on the pyrroridine
ring is (3S). 29. The conpound, or a salt thereof
according to claim 19 wherein, in the 209 conpound of
formula (1), absolute configuration at position 3
where am no group has substituted on the pyrroridine
ring is (3R). 30. The conpound, or a salt thereof
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thereof;  7-[(8R)-3-amino-4-fluoro-3-methylpyrrolidine-1-yll-6-fluoro-1-[(-
1R,28)-2-fluoro-1-cyclopropyll-8-methoxy-1,4-dihydro-4-oxoquinoline-3-car
b- oxylic acid, or a salt thereof;
7-[(3R)-3-amino-4-fluoro-3-methylpyrrolidine-1-yll-6-fluoro-1-[(1R,25)-2--
fluoro-1-cyclopropyll-8-methyl-1,4-dihydro-4-cxoquinoline-3-carboxylic
acid, or a salt thereof;
7-[(89)-3-amino-3-fluoromethyl-4-methylpyrrolidine-1-yll-6-fluoro-1-[(1R,-
28)-2-fluoro-1-cyclopropyll-8-methoxy-1,4-dihydro-4-oxoquinoline-3-carbox
y- lic acid, or a salt thereof;
7-[(39)-3-amino-3-fluoromethyl-4-methylpyrrolidine-1-y1l-6-fluoro-1-[(1R,-
28)-2-fluoro-1-cyclopropyll-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxy
1- ic acid, or a salt thereof;
7-[7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yll-6-fluoro-4-[(1R,2S)-2-fl-
uorocyclopropyll-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, or
a salt thereof;
7-[7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yll-6-fluoro-1-[(1R,2S)-2-f]-
uorocyclopropyll-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid,
or a salt thereof;
7-[8-amino-8-methyl-6-azaspirol3.4loctane-5-yl]-6-fluoro-1-[(1R,2S)-2-flu-
orocyclopropyll-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, or a
salt thereof;
7-1(7S)-7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yll-1-[(1R,25)-2-fluoro-
cyclopropyl]-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a
salt thereof;
7-1(78)-7-amino-7-methyl-5-azaspiro[2.4]heptane-5-y1]-1-cyclopropyl-8-met

hyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a salt thereof;
7-[(78)-7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yll-1-[(1R,2S)-2-fluoro-
cyclopropyll-8-methoxy-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a
salt thereof; and
7-[(78)-7-amino-7-methoxy-5-azaspirol2.4]heptane-5-yll-1-cyclopropyl-8-m
e- thyl -1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a salt thereof.

20. The compound, or a salt thereof according to claim 17 wherein, in the
compound of formula (I), absolute configuration at position 3 where amino
group has substituted on the pyrroridine ring is (3R).

21. The compound, or a salt thereof according to claim 17 wherein, in the
compound of formula (I), absolute configuration at position 3 where amino
group has substituted on the pyrroridine ring is (3S).

22. A compound selected from the group consisting of
7-[7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yll-6-fluoro-1-[(1R,28)-2-f1-
uorocyclqpropyl]- 1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, or
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a salt thereof;
7-[7-amino-7-methyl-5-azaspiro[2.4]heptane-5-y1]-6-fluoro-1-[(1R,2S)-2-fl-
uorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid,
or a salt thereof;
7-[8-amino-8-methyl-6-azaspiro[3.4loctane-5-yll-6-fluoro-1-[(1R,2S)-2-flu-
orocyclopropyll-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, or a
salt thereof;
7-[8-amino-8-methyl-6-azaspiro[3.4loctane-5-yl]-6-fluoro-1-[(1R,2S)-2-flu-
orocyclopropyll-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid, or
a salt thereof;
7-[(7S)-7-amino-7-methyl-5-azaspiro[2.4]heptane-5-yl]-1-[(1R,2S)-2-fluoro-
cyclopropyll-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a
salt thereof;
7-[(789)-7-amino-7-methyl- 5-azaspiro[2.4]heptane-5-y1]-1-cyclopropyl-8-met
- hyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, or a salt thereof; and
7-[(39)-3-amino-3-fluoromethyl-4-methylpyrrolidine-1-y1}-6-fluoro-1-[(1R,-
28)-2-fluoro-1-cyclopropyll-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxy
I- ic acid, or a salt thereof.

23. The compound, or a salt thereof according to claim 17 wherein, in the
compound of formula (I), absolute configuration at the site where amino
group has substituted on the spirobicyclic substituent is (R).

24. The compound, or a salt thereof according to claim 17 wherein, in the
compound of formula (I}, absolute configuration at the site where amino
eroup has substituted on the spirobicyclic substituent is (S).

25. pharmaceutical composition comprising a compound according to claim
1, a salt thereof, and a pharmaceutically acceptable carrier.

26. A method for treating a bacterial or microbial infection by
administering the compound or a salt thereof of according to any one of
claims 1, 19, and 22 to a subject in need thereof.

27. The compound, or a salt thereof according to claim 18 wherein, in the
compound of formula (I), absolute configuration at position 3 where amino
group has substituted on the pyrroridine ring is (3R).

98. The compound, or a salt thereof according to claim 18 wherein, in the
compound of formula (I), absolute configuration at position 3 where amino

group has substituted on the pyrroridine ring is (38).

29. The compound, or a salt thereof according to claim 19 wherein, in the
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compound of formula (I), absolute configuration at position 3 where amino
group has substituted on the pyrroridine ring is (3R).

30. The compound, or a salt thereof according to claim 19 wherein, in the
compound of formula (I), absolute configuration at position 3 where amino
group has substituted on the pyrroridine ring is (3S).

31. A pharmaceutical composition comprising a compound according to
claim 19, a salt thereof, and a pharmaceutically acceptable carrier.

32. A pharmaceutical composition comprising a compound according to
claim 22, a salt thereof, and a pharmaceutically acceptable carrier.



