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1 DESCRIPTION Tri -,
Tetra- Substi tut ed- 3- Am nopyrrolidine Derivative 5
TECHNI CAL FIELD [0001] Thig invention relates to a
qui nol one synthetic antibacterial drug which is
useful as a drug for human, animals, 10 or fish, or
as a antibacterial preservatives. [ BACKGROUND ART]
[ 0002] Since discovery of norfloxacin, antibacterial
activity and 15 phar mpggkkaetireg of qui nol one
synthetic antibacterial drugs (including those
cont ai ni ng pyri dobenzoxazi ne skel eton) have been
gFfeatl yTehrprofubstandtedodafminppyrapéidsng Parivative
chenot herapy for infections including alnost al
t pi-nfections, and a large nunber of drugs are
TECHNI%XE ??ﬁ?cal use (see Pat ent docunent 1 or 2). 20
f000110003] However, bacteria exhibiting |ow sensitivity
Thi squhmehohen sybhbeti toaat ghaabevhal sgnagethiave been

antlba&eeggghydlragr @ﬂ%bﬂglgn WEE:?ulanbgr dkﬂgckbﬁ}i ﬁalnghl ebdimals,

£ Eor exanp gterla are resistant to drugs
©r L1SHtheF ?ﬁaﬁ aﬂFh RGRETEGht REBFETYATLBSEterial 25 drugs
and which also exhibit |ow sensitivity to quinol one
[BACKeR®OKkbBeLke) anti bacterial drugs are increasing such as
[0002 am positive coccus |ike Staphyl ococcus aureus
MRSA) _and pneunococcus_(PRSP) insensitive to o
BorAcEARTaneTBi of i BT hhexeniBr oeBEENCEORER]L activity and
pharmatokReénstieweof ogathabghyceghireanti bactbacabrdaligdrugs

1nclué§§8rgh89§|%oﬁgalﬁ§£§ ?2§§déﬁéﬂ9§xﬁkhﬂécgkegggﬁﬂg}EQQe been

1 ? ex Iti.ng a Love Iyeness to m
greatly LmpToBctocttd: FeuvY] Yt At nk8Rdhitechemotherapy for
infect apngbaucbnidhgagingstyadl spgseaniy iUQ&etéped, and a large

number QUf NQL-QHE sy¥at DRt &TianthDagkeridkeCoaROHAdgcAIRRY fabr 2)
[000395 stronger than forner qU|noIone synt hetic
anti bacterial conpounds (see Patent docunents .3 or
ByveyRhieerCteimhy eehoHti gl bpE SerwbblndtHaiPhganigalone
synthetht | dacibscadérisl | drtys hayee beeanr epoenelyt dncpeadiing in its

numbersilqecfirfﬁ@éf P@éf&' orp&hye%&af%ogs% C%ac%exfﬁ@rm% gal

0 erved in the one synthetic
resistiEt L60) BRLTRrPOR L oHbURNIe N PLPnE HBF BoC1 EthFLPRGRETial

drugs, aardiwpbsledabeo exhibit low sensitivity to quinolone
synthetic antibacterial drugs are increasing such as Gram positive
coccus like Staphylococcus aureus (MRSA) and pneumococcus (PRSP)
insensitive to P-lactam antibiotics and enterococcus (VRE)
insensitive 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 quinolone synthetic antibacterial compounds are by far
stronger than former quinolone synthetic antibacterial compounds
(see Patent documents 3 or 4). However, many such quinolone '
compound having high antibacterial activity have been reported to
produce side effects based on physiological or pharmacological
action not observed in the former quinclone synthetic
antibacterial compounds. For example, restrictions are imposed on
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2 the adm nistration of sone conpounds due to side

effects such as devel opnent of abnornmal bl ood gl ucose

| evel, cardiotoxicity, or 2elayed allergy, or

devel opment of convul sion, and devel opnent and use as

a drug have been abandoned in sone conpounds. In other

5 words, many conpounds have been found to be
the admimidfrziton ¢hH $dred rcompiowads | duy bs aide ugffeets osuch as
develophEndtsPNEosbARa EfbESES & ?&@bé@ I@@éi @éﬁ@l@t@XlClty, or

ac1ayedH{PACIEr Al AEIIV LN, Acopr dlaglys: &, O 40, 968 Sopment and
use asiz qEgihade been Frapjopr@viaht SPhe SPTRRERGH- t Hat ather

words, gy yeaiibdnadd etidavd Héke:€ ofpond de € ave NDhsHES tevehoped their
sultab_q‘f"J.S:L\‘g}éda[éjgaeSI g#}od@‘% O!%Jct{ljl@ns@forf‘ d§1d§2é1?]ﬁé<?tslc@e§5f@é their

0 'S r urr
high anGibafteeora bt @&%& Gfi-cH. KRtk design
methodalomsy dériaddh yidi @iff@i'ﬁnﬁaa‘fi@n | Ebrmeet | mmyommaiabt@qulred
to thefb 'L‘%é\?’énﬂ o hdasefc e tl?é’rf‘v£rﬁi

compourh G alt B Hevd [ed (e e lh [PrfE Mg %fplﬁvﬁ%ugc%h%wfa side

effectss dn githgr W@rrdéxa@pld@Sllglnghleé’rM%ﬂ Heutresjudaeed that is
capablefd®adioddbla damlad Wwisi dle 1efd ectEondt ddrd¥Me high

antiba n%Ebaclthg#LIl gfilga}?enc% eara udgéllonnseu :%/fl‘%'hnegoé g_Zl—bose of the

conventd&w sq%‘ip%écb%'l a?fl'éid ar/ﬁ tthe ot it - ydel @t &8 provided
with swidredidrigiyddioant idrugfdiammetldrowsagesd ,oft eria atogohirah as a

drug, fd:elStdmsle, 'Hg}{ SAEER NG S Bordefsosich as

EOOOS]reellng, heada and“insomia as well as serious
side effects such as devel opnent of | et hal
Exempllagiyorgide wifdiesttoxiwdiiah (ptvst dxmrsindpantgd for the

quinoldifPalaithdtdid hn@_rmacaz%xcﬂldiagém@ﬂﬂbj(ﬁé abyaid®ldrd Yot

convul sqkz%ﬁ C 5 %%&%?%}1 X :]Eh @ﬂéﬁnlocf&qte 1% S{o(}%’t%m&%aﬁ anti-

o a
1nflamq%§gﬁﬁnﬂg thc S&a gdo R qteral %@%k? %y %ﬁﬁht central nerve
disordede wuerht asl tee13ng [ MeGGlacl) @nd hesindel efdectesl lasas

serlouéT%ritdeoré%dfé%Q%V%uc% g fdeLanto rr%%ﬁ{‘tdﬁ/ 14RO t&hvulsion) ,

i ni_cal es i nv. Ive rdloto i Cit heart
photot et (AR i Tt R A o

cardiotgixserirad (@ @nbnoecm@dﬂrmfl |ql‘5£e@fveei &t 129t atdicograalm i tdf
elect roda@ldargednac Hlgdudde nedina 1. aSe (B! Ciddlayed
allergyavz?i' rdt’"gl %to%a'l0| N&d L %%tder' Q/l lsscf.ae%_rlﬁosh %%\'{:eenb:een

produce clearly prolonge
documenFﬁtérFﬁ 3ncl udi ng some serious cases (abnormality of
[co06]el ectrocardi ogram i nducing | ethal arrhythm a)

oENeR=PaL Rt e ffects as mentioned above, significant recently
reported clinical cases involve cardiotoxicity (a heart
abnormality inducing lethal arrhythmia which is observed as an
abnormality of electrocardicgram with prolonged QT or QTc
interval). Some commercially available quinoclone antibacterial
agents have been reported to produce clearly prolonged QT or QTc
interval including some serious cases (abnormality of
electrocardiogram inducing lethal arrhythmia) (Non-patent
documents 1 to 3). Also reported are side effects such as
induction of rash, which is a esult of delayed allergy, and
abnormal blood glucose level.
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docunments 1 to 3) . Also reported are side effects

such as induction of rash, which is a esult of

del ayed all ergy, and 40 abnsrmal bl ood gl ucose |evel.

3 [0007] Accordingly, in order to enable use the

qui nol one anti bacterial agent as a human or ani nal

drug, there is a demand for a quinol one synthetic
[0007knti bacterial agent which is provided 5 with an

A@@éﬁdﬁ%fﬁf eiﬁ( éﬁ\k&@r"\@@k&ﬁaﬁlé’%%fﬁ%s 1§i‘1@81§§?
concom

nt
antlbaﬁg%rb‘?‘i a%%?m‘ét%? o?d%Pma%n?F ?ﬂ%‘f‘%ﬁnﬂ?‘é?y 55%1’1? 15°3" demand
for a gehnedpnactiohhephot dnbibertyrigphagesenshichi iy)pranided
with afiepappboxd CésFetpsSwieh| wasksl deigéfectsctSUslicASas induction

of con%i%ir&tl d§%§6é¥at$§|‘9¥ﬁﬁ %Jﬁéﬁh?ﬁ@%é‘@r‘% ”B' nQEEEgé&dal
anti- l@%%%m@??QﬁYaag%%?no?%%%r%%n%%ﬁhﬂn5|R@@F%ﬁ%ﬁh%*?y
(photogpenyidedi vy} h andth@p@toamxibﬁtyeraalwablla$tglaedeffects
such a§eé§f&iaﬁb§£%1€ytydeig?é§n$l£@fgyenén dlad €glucose

viooa 19T Bheiniem r &%%%ﬁt@@f%ﬁ%ﬁeﬁ”

quinolgme Acqnmmdssup@ht@momm revevided Pritl3-@54760ng
antlba&ﬁ\@ftmtmmm@ nend dé1&kt DyalkioXobaypshi Ed.

iﬂ“ ] h‘ff“ 383y IR AL BT A s open .

(TP- A) %@ﬁﬁziﬁﬁ 62, No. 1, page 13 (2002) [Non-patent
msawra‘.ntDcB:}unilérm ol 0]33/—1L6&1€45261\/0I. 127, page 269

%D RE O T r\j\/ﬁ\m ON PROBLEMS TO BE

VED THE 0008 In view of the
Céﬁ“edﬂé%c‘}rl b%ggé Vel Hh object of the
h?cesefmtarm/é)ﬂqments 1lo Hrmnpndel KapdyresloheEdynt Hetirical

Appllca:iol&[wmm@wflmﬁe e dherppatil sowaest - 4194 afoo1)

fecti.on it oad ectryum nd tron
l\ﬂt R Ut ) R v A pali e S 13
(2002) G am negati ve bacterla and which are also highly
MI&pﬁﬁﬂ‘E@ﬂ&lﬁ@%tvamﬁiﬂdﬂmﬂ\ﬁrs[ ,0069] - [Q011]page
269 (2002)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0o08]

In view of the situation as degscribed above, an cbject of
the present invention is to provide a quinolone synthetic
antibacterial agent and a therapeutic agent for an infection which
exhibit broad spectrum and strong antibacterial activity for both
Gram positive and Gram negative bacteria, and which are also
highly safe. '

'MEANS FOR SOLVING THE PROBLEMS

[0009]-[0011]

The inventors of the present invention have conducted
investigation by focusing on a compound which has 3-
aminopyrrolidinyl group at position 7 or equivalent position of a
guinolone compound. In the course of the investigation, the
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The inventors of the present invention have conducted
i nvestigation by focusing on a conpound which has 3-
am nopyrrolidinyl group at position 7 or equival ent
position of a 40 quinol one conpound. In the course of
the investigation, the 4 inventors found that a
gui nol one conpound havi ng an 3- am nopyrrolidinyl
inventgreufowhiichhas &rpuioplbetr aompobsti havédgatn 3-
aminop?@%b&&@ﬁﬁ 3 éggué WBpEASent ediby okhectoblowhBgt ituted at
ositindrmla: % RS R4 N _R3 6 F E R, [ AR2 ? whi ch has
positighfsri tlient WRPERSPECEYpPEalfy ARLAPYFpRE: Formula:
substituent on the carbon atomat position 3, and one
two substituents which are also typically an
R\al | hatjc substituent on the carbon atomat position
Na broad spectrum of strong antibacteri al
aftivity for Gampositive and G amnegative pacteria
' uch 10 drug resistant Gram positive cocci such
| e drug resistant pneunococcus having the
r g§tance for quinolone. The inventors also found
hat ch qui nol one conmpound has not only such high
antibacterial activity but also | ower cardiotoxicity
which E@ﬁ'p_@lﬁﬁﬂti@geﬁbe&vﬁﬂtﬂoign@yﬁﬂbagaﬁit ghi al 1ghHe8cWBEB8tituent
c 0 t . [ecent repprte n, .
on the (BAEbEY) %@ﬂap%? B A Sl R
which ar¢| pheeerYRicatlysan|2lipBahigosnbshitupnt ¢Rj ghe carbon
atom atoppoibiohas hesuecdroadkspécprodust ngtsong ehttbisterial
activi@fcﬁ?strgﬁh@¥§?tf$éeéﬂd @Pﬁmaggﬁégﬁbebﬁgggeg gcgﬁgluding
d level. It was alsp ,found that this congoun $S ,
TUT restetieht CorRIPABEo P GPEYT DR 20Mper HPhBi ey, resistant
pneumogecCeschavinh the erénistaines Peroydimglynet hefhe inventors
also fOUWENERES Sfich f@lp%@m ¢&v1t@@%ﬂ1@6nh£§v1@otlf_ ogﬁi;tgaéhtﬂﬁgh
. nol pn C ound. r epr esent e ormul a LS a
antiba et E o R I SR iRt er | ST AR e padnared co
the qugekremPeFRRF PR ot t48495 NdLeRe ngprélkeerxbpity has
recent iythéact sspatt@ttivi¢yimheh highasaf et yas ands bdisoebect of
the quilSRLAENUNPRMIBCOKI N1 6Ss . The RILSeNld MRMd ¥hdl%his
compan b tes CoTBL & s o) the BaTRe of, S0Ch Viung (082
delayed allergy and abnormal blood glucose level. It was also
found that this compound has excellent oral absorptivity, organ
permiability, and excretion rate in urine. Accordingly, the
inventors of the present invention have found that the guinolone
compound represented by formula (I) is a quinolone synthetic
antibacterial drug which has excellent drug properties including
excellent antibacterial activity and high safety, and also
excellent pharmacokinetics. The present invention has been
completed on the bases of such findings.

[0012]
Accordingly, the present invention provides a compound

represented by following formula (I):
[0013]




Accordingly, the present invention provides a conpound
represented by following fornula (I): 30 [0013] 5 7 X
COORS RS RA NAN 18 RssR6 R NRL/ \R2 or a salt
or a hydrate thereof, [0014] wherein R represents
hydrogen atom an al kyl group containing 5 1 to 6
carbon atons, a cycl oal kyl group containing 3 to 6
carbon atons, or a substituted carbonyl group derived
froman amno acid} a dipeptide, or a tripeptide; the
tio 9substituted with a

subs g re Qﬁ?kﬂ% group consisting of
'nol roup, hal ogen atom an al kylthio
to 6 carbon atods, and an al koxy

gr
gﬁ' - to 6 carbon atons; R2 represents
hydr o 8 gr oup contahning 1to6

ca 6 or a cycloal kyl group containing 3 to 6

; the al kyl group being optionally
subgiA tNted with a 15 substituent selected fromthe
grﬁhp coMSi sting of hydroxy group, am no group,
hal ogen atom an al kylthio group containing 1 to 6

or a s&ldy bon aathirdcatendhmrenkoxy group containing 1 to 6

[0014]Carbon atons; R3 represents an al kyl group containing

I t
wiedled D o b%%ggte%%% pvBrpberP Ao, B0 S0k raining
L o & EARBbIR i, 2 ﬂycé‘r?ae@l%ﬂr@mmnwﬁtﬂm%.%gt@ ¢ garbon
atoms, car baormﬁis]niﬂ:uttdﬁb aHodnydr aypolei deyr opdd ofvadnd yan amino acid,

a dipeptUlRRd, i ed (it 1%ébSttiHé"eemkf],e|9%%1%g Hd« ﬂ{r%ﬂpl

TN e O gl

of hydrgeomegraard ammwwlm,odmmﬂﬂrauanmg Jan 2B kywltdiio group
containG@dhan tf GNearibrand diks | RERPeRdeMdoky /FR§EMontaining 1

to 6 ca@% L0gen arom hal ogen atom an al kyl® group

ntalnlng ‘L to 6 carbon atons, an al koxy ¢ roug
R® represents hydrogen atom, an alkyl group containing 1 to 6

carbon atoms, or a cycloalkyl group containing 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;

R® represents an alkyl group containing 1 to 6 carbon atoms,
a cycloalkyl group containing 3 to 6 carbon atoms, an alkenyl
group containing 2 to 6 carbon atoms, or an alkynyl group
containing 2 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; '

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 optionally substituted cycloalkyl group containing 3 to 6
carbon atoms; the alkyl group, the alkoxy group, the alkenyl group,



10

15

20

25

30

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 atens, or 30 an optionally
substituted cycl oal kyl group containing 3 to 6 carbon
atons; the al kyl group, the al koxy group, the al kenyl
group, 6 and the al kynyl group being either a

and thst adkghylchabnpobelbngnehetlergrospratibbtakkyplingooupranched

group,bEhega@ﬁyuoaebhE subahi bytednwh il aupsehstitbedtth a

supst1EReRE SPARE SHaf bgtn ABoft CaR APRYIEHiBgPouYLroky grous,

amino gsaLRl nha§oIeR0a60B, canbahkAl 6hio andupncanksipiggolpto 6
carbonC@ﬂbﬁSDIQﬂdlahoaﬁksﬁybgﬂoapoHEntaQﬂQn@ﬂHhtbhe PE@¥bROatoms ;

and wi Eﬂa{: %54 gg% B? us nigt n% y a;ﬂh %q_%o lill%lty g}_)ﬁ‘qult%%.% ou%tlgfnh%drogen

conbi ne together to
atom; @) a 3- to 6-nenbered cycllc structure including the
clae baubat btushias ek hd T BémbideREodgethermta form (a) a 3-

to 6- mét%é?éé{%%l%f%%ﬂ&@u%thn&'ﬂﬁdﬁﬂy PhidbBepbhNdtok8hared by
Rt ana g 3e PG o B A L B e S B 0 0T aine ring,
the thept formaedysberagrisgboptionadlvi conhahnlingenxugem stom or
sulfur aftahkys §reuRgCRBHBER Aok, t@nd6o§@ﬁeﬁam§/03§mg
subst19@£é8?ﬁl+ﬂ Qaﬂéfg 8%2%%8% 5?63%ha9£ i %F ancontaln%ng 1 to

éne ‘grou € rrn
6 Carb@%u%t%m%oﬁﬁtloﬁﬂb Ex%ﬁ%%ﬁ?l%n%u5$6ﬁ u@ﬁ?voﬁﬁlﬂ? haV|ng
exometlyDend gubspibowdisg sel ekhe edytrobifiydeoxyngrbupdouble bond,

the exGfOR, BEQUPy B3 0850; ShOM aﬂavﬁhéyitBWE%QHQtituents

1 an%al nin to 6 carbon atons an. a OXX groug
selected PR 4°%% %r‘&léﬁ’bo%ma‘f‘%n%m% RB2ARgER7atom. a
alkylthieeperdentdytaopieseht thydr ogehoat ahoos  aandl &yl alkoxy
group &bt €0 al Nt e ds ké@b&cﬁ&@@ atoms; Rs repr esents a

ol gen SURSLELULER: ALKV Lo OLOUR L CRARALAENO oL ort 820an a1y

OoN At OB group
group %RFE%&?&?@ B o ¢ eaF %&%m% a halogen substituted

BFherypl egrenits, aZ&amngd%ﬁuhyﬂiﬁmﬂmﬂiahnyﬂjdnﬂuy(unnﬁaining 1
to 6 cOFOMD; aflhd eRL ased em&ﬁ @E@anc §f§aikpiogpou

acet oxymet hyl rou ou
conta iz, 150 bongRT PBUE’CO@ﬁm ian 215835, SMTIRAYIES phenyl group,

or a h&ﬁn9ﬂnﬁ$@bszﬁthEd5h¢¢mmm@¢th§mmMPphthaI|d|nyI
I@rQé@re@e@k&YE Arogen adomh, 0p0lerd 1y lgrehfy, dﬂéﬂd%ymethyl

oeoue, SERELERT SO0 WA ALl 9 i "G e
group, éblﬁ%%wlngl@mcaﬁwha@arwm chsindangl rewm| apwllalldmyl
group, 0F-GUkycloigprdssd 110, Brd adskyl -eney Duoithyy T oqit@nm) - dcéboby-2 -
oxobutFRAULAL UB AN, Pely FMWPaining 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 halogen atom; and

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

[0015]
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X represents hydrogen atomor a hal ogen atom and 35
A represents nitrogen atomor a noiety represented by
formula (I11): [0015] 7 X It [0016] wherein X2
represents hydrogen atom an al kyl group containing 1
to 6 carbon atons, an al koxy group containing 1 to 6
carbon 5 atons, cyano group, hal ogen atom a
hal ogen-substituted nethyl group, or a
ogenonet hoxy group; or X2 and R8 may conbi ne
together to fornfJa cyclic structure including a part
f the nother nucleus, the thus forned ring
optionally containing oxygen atom nitrogen atom or
[0016]sulfur atomas a ring constituting atom and 10

wl%% 40 %Jl?‘l Yt‘e%?:‘le@;%él%%b%yd&% glo\r%%:opn a%nalahﬂy%%%&% contalnlng

contail A n optiona
1 to 6 Kt L'Fé?ﬂms [ GOLALKoPRE Frage RO FREM DN afR P Carbon

atoms, pryeatidles-cupr Uthoordaiatiany, tdeéha oomroundd# et wisamtmee-hyl
group, g%:tah%et 4B nddno )%Ee%‘é.ﬁéi %O & hydr aken 35-Lhsk aaf

S its effective._ln

The present
t°96th?§nﬁﬁn§9ﬁ¥‘aPsSYEF&€|&E§u§tHEFh&&°ﬁ%PlFﬁé§tFﬁﬁ'aOf the mother
nucleusli sdesdys dirined twirio R thieorsoizo urel tair e mxxdry atom,
nltrogérﬁ%ﬁcd?r[ mya sdl'ﬁuloratﬂm@%lé Plrin YQfI?é@lﬂLt@ﬁ@@fat&ﬁ‘e and

cpionf LRI TP ALPR 065, 555 o IS FRRENS. o o

or nul a of a
carbon t%?é?tﬂt?ofoz:ffoirormﬂddfud?éﬁglrw o LFng%tEFiFtE@FWOF THE | I\I\/EI\ITI ON
{0017][0019] 25 The present |nvent|on provides a qui nol one

e edriug, 1t Araig, LBt
suc as stron eél\f?tllogh er| C%Ei/lt gf onl'y for.o o
compoung HARFEFATN PAC 1S ¥ & a‘?ﬁl d%y t% v@’d’-’ate
theral&@ﬁtﬁbﬂﬂaﬁfduﬂmyduﬂngnﬁdxﬁntsen3|tive to qU|noIone
[po1g]anti bacterial s, high safety, and favorable
harnacoklnetlcs RIEF DESCR.PTI ON QF T
@Fﬁﬁf t[ 8ﬁﬁnﬁ grog& es'“)met gﬁtlng a
diseaseooYCHATHTES %ﬁﬁnﬁhﬂuFOWPQHﬂﬁtﬁﬁ?%ﬁﬁﬁﬂﬁﬁﬁiQM Q§@Mﬁﬂ¥ﬂU1a
(I) or @& agdinslr GYP3Mkate thereof. The present invention also

provides use of the compound represented by the formula (I) or a
salt or a hydrate thereof for producing a drug.

EFFECT OF THE INVENTION
[0019]
The present invention provides a quinolone synthetic drug
which has excellent drug properties such as strong antibacterial

activity not only for Gram negative bacteria but also for Gram-

positive cocci which have become less sensitive to quinolone
antibacterials, high safety, and favorable pharmacokinetics.

[BRIEF DESCRIPTION OF THE DRAWING]
[0020]
[FIG. 1] a graph showing MBI action of Comparative compound
1 and the compound of Example 9 against CYP3A4.
[FIG. 2] a graph showing therapeutic effects of Comparative
compound 1 and the compound of Example 2 in mouse local lung
infection model by PRSP.
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35 [FIG 2] a graph showi ng therapeutic effects of
Conparative conpound 1 and the conpound of Exanple 9
in nouse |local lung infectgon nodel by PRSP. 8 [FIG
3] a view showing the results of X ray structural

anal ysis for the conpound produced in Reference
Exanple 107. [FIG 4] a graph show ng therapeutic
EFfect3] of Compasladwieg cloapoesdlisantd Xheaygospountuodl

analysggaﬂgfetﬁe'@ocgiuﬁaggigdﬁ¥§&iiﬁSRénggﬁbebﬁxgﬁ§§@|hO?.

1 .
hae TUBRT | Ut %Tﬁaep%?w%%w% é Eatparative
compouri@strab@dthe loofpoenf & Fepreden?sinydabgermaientyahitis
model By kyl @pup containing 1 to 6 carbon atons, a
cycl oal kyl group containing 3 to 6 carbon atons, or a

substituted car bonylrﬁgrou derived froman am no acid,
[BEST MODE pBpR | GRRRHING @ E%E HEVENFEANRL is an al kyl
[00211group, it may be 15 substituted with a substituent

select edy d fﬂ%]éz?&@é@&@ &Pnt?ﬁétfé‘ﬂnuf’i Y Ar 9xXy GEQUPibed.

25 am no group, en atom an al kylthio group
[00 ]cont aining 1 to 6 carbon atons, and an al koxy group
Ronepngisegts hysregear lsomat ems a 1Ry Ir gpregemantaining 1 to 6

carbon NYESHRIE N adRM ok R kg’:l:o %@@m_ﬁh@lﬁgté & Oc8rbdh atoms,

or a sﬁétgo&@%c?r@arﬁ)%}gl Cgéé éfé(rl %(8“&&9”5{{" é\#{‘& 3 %fd
caroon a an a rou

dipept kimstQ¥ 1A e‘élrwefmt%fi%ubﬂhet%&t lSsépeét'LE@rif 96ﬁ’ilPhelt may be

substitgrtosp x@m'tmatswtgsioitdrmdtt Oy gyt ok, £ 0eh Nchgr eupup consisting
of hydf@%gff%t ooramfﬂb 3:_!,:!‘&/&;5 110, BEQUP £O5h a'é‘ﬂl”&lﬂyi@h@oﬁgroup

car i Koxy.group, contai ni n
contaitfigoh G dreaBE GOIAN® WG S g LEGRY SR gitatning 2
to 6 carloup,atdies al kyl group may be either a straight chain

O répkeaaahedn 2B&bbe&r@%ﬁm T%%.%h&ﬂl Gl dohtaining 1 to 6

carboanégﬁgably ref iog%gu %Eﬂé gughlgroﬁykogro%%rbon atoms.
ropy? grou)é %r% f 8rapr
When R? ﬁﬁypng@é§gl gg@uﬁhdl#D§Pyb@@f@W&@F}qﬁR*W @psubstltuent
selectafhefirdi e RPrdugp arores kil irgy o Hn)aiardmgy hycthwoxy @nong group,
r n t I

halogerP'a oan QH;;’t r al td %&&p%éﬂ hf ﬁk?/ cHOYY atoms,
and an ggfﬁi%% ’“ﬁptcﬁ) el ci’rhea %{%/%yl group

[0023]is preferably subst i tut ed VVI t h the substituent at its

Whed e'MbRak? cag bon At Jheug! Kithe 05 0kP1 Ng¥big may be
eltherrgmgéygﬁéﬂ Lghafﬁ or a branched alkyl group. The alkyl group
is preferably methyl group, ethyl group, propyl group, or
isopropyl group, and more preferably, methyl group or ethyl group,
and most preferably methyl group.

When R' or R’ is an alkyl group having hydroxy group or amino
group as ilts substituent, the alkyl group may be any straight
chain or branched alkyl containing 1 to 6 carbon atoms, and the
alkyl group is preferably substituted with the substituent at its
terminal carbon atom. The alkyl group having hydroxy group is
preferably an alkyl group containing up to 3 carbon atoms, and
preferable examples include hydroxymethyl group, 2-hydroxyethyl
group, 2-hydroxypropyl group, and 3-hydroxypropvl group. The alkyl
group having amino group is preferably an alkyl group containing
up to 3 carbon atoms, and preferable examples include aminomethyl
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preferably an al kyl group containing up to 3 carbon
atons, and preferable exanples include hydroxynethyl
group, 2-hydroxyethyl group, 2-hydroxypropyl group,
and 3-hydroxypropyl group. The al kyl group having
am no group is preferably an al kyl group containing 40
up to 3 carbon atons, and preferabl e exanpl es include
group, aBtapimbbyhy? ggoopp, 22amimppebbyll group, and 3-aminopropyl
group. 2-ami nopropyl group, and 3-am nopropyl group. [0024]
[0024VMen R or R2 is an al kyl group having a hal ogen at om
Lsits 5 substltuent the al kyl group may be any of
Vhenskt agt® disaiem i kiyla geioe Slakiingg eo tgd- cgemt aitwimngs its
substitubatd EFébQMkﬁlogﬁou nﬂaygse hal, Ogﬁntﬁbggtkélght chain or
e e u n
branch85 5?&?9 r ﬁt?&ﬂgbg E t§ Eﬁgggg 1l Q?opg QEH Ehe _
halogeﬁeatﬁﬁnés PéeE@Fﬁbéﬁr51§96§P?tGFPGn %&%ﬁ%ﬂ@#¢¥yof the
fluoripeefabablieutosubst hbuebsmasefabndenntedubkkytuglonupay be

mono- @5eg??k@ﬁ@fosﬁgﬁétﬂUﬁ@goaalH%ie f&%%i' deeranie

uor o uor
substi{RPRP 5P oHELAYEIBTBRpE LKl it A S8ERyFUgFBAputec
alkyl ¢00@B} 1W:éndR1monoR’Quosozaﬂthmygrgnpupdhﬁﬂmngoaﬂthyl group,
trifludtébt hi 0 gf@u Oénd1§,QPzathEYuGEQEQhﬁi btsup.
0025]substltuent e al kyl group may be eit a straight
chain or a granched al k group, and the alkyl noiety
WreR R £K\A t ASo28r BaBY. narpﬁ@ aawmzlg groap ki hdls group or
an alkbeyegitep as Stsasgbstibaent orthebaakghedralikyhay be either
a stra €t¥ha£%egP|§rBr€i5%éﬁgé9 ?Paﬂgngaﬁa éhgyg&ﬂyQ moiety

in ,
of the Gt L§VHH bR P59, t%%dagE ¥k9??ﬂpow?zp9fsarBﬁpelther :
straighindchaign arkqlbhancg¢@u@lkﬁlsmehegyouﬁ%xemp#ﬁmyEﬁkkU%/grouPS

hav1ngt£§ @Dﬁﬁfﬂﬁlél@k@?%llnépuéeC@ﬁbﬂnk§1@H§omé@h?l group, an
e_are ne

a1 R FORF ofedhd et AR ek h bR oL mrrp otpe o

alkyltB@mprary hﬁk%ﬁchggﬁg%QShbﬁumﬁe BPTAPKBXGEEr 0D PhmFadping 1

to 3 cartbeah kokymet h)Mong QpHefanile a e iyt tIgirame hyaln dysup ,

_ethyltﬁﬁgﬁgyﬁyfp% daﬁ%tﬂgftﬂi5@§ﬂ 9r 9HBup 'r1é§5§;1ar alkyl

ontaln 1 to
groups N9\ e %*%r% PP ot BC %o%?n%i£§¥Y@?BB¥ group, an
alkoxygthmkymn@@g] @m@u@n a Bipoxyet dpxy eghylp gr su@. the0agkoxy group
in sucBUy¥heds R s réﬁéfébﬁycﬁﬁé0@&@Y&oﬂt@ﬂﬁ1ngt1|§o 3 carbon

atoms. perFf erl%bl Cll Oproeo%et%r 3 e% &ﬁycérgo*{tﬁs,t Iet uen oe%ﬁwjl group,

prefer S ) cycloprop
and me?h@ﬁ%@%ﬁb@l%§¢u@roup my be one
[0026]

When R' or R® is a cycloalkyl group, it is preferably
cyclopropyl group or cyclobutyl group, and more preferably,
cyclopropyl group. Substituent of the cycloalkyl group may be one
or more group selected from an alkyl group containing 1 to 6
carbon atoms, halogen atom, amino group, and hydroxy group, and
examples of the preferable substituent include methyl group, ethyl
group, fluorine atom, chlorine atom, amino group, and hydroxy
group.

[{0027]

Preferable combination of R' and R® include the combination

wherein R* is hydrogen atom, an alkyl group, a cycloalkyl group, or
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or nore group selected froman al kyl group containing
1 to 6 carbon atons, hal ogen atom am no group, and
hydr oxy group, and 35 exanploes of the preferable
substituent include nmethyl group, ethyl group,
fluorine atom chlorine atom am no group, and hydroxy
group. [0027] Preferable conbination of Rl and R2

a subsihchiueld tdcbouybi gatipnidedivehefeom &1 asihydropdn a

dlpeptﬁ&@nWOEHaaify e aa@dQN%HQ@| ?ﬁ RitH. 18modg these
rom am,No, acl

bst.iiuted .carbon eriv
the prgferg fe%t?%r%bl%?tlag?r?% BBy s nieee T Ry drbgunediany aton.
an alkw}rmgowmes@r a t¢iec hpatley hiyeowpnbirdtR o s Sydreasie atom.
The alWEr@tduiR msSm!rtyﬁir@@@@ @é%&ef@fam}kmhe@ﬁpypgr@mp dor ethyl

C I
group. gﬁ%g@%é( Q%P%g%]% S preljfl)Zra ]Id(5 oup or ﬁl%oup is
preferapl( Yy aHP RRe! prETEr 2D YCY P tijgr%lif?}l Thgnd more
preferaylcy osr&ydpgrmel dsouppr eféreakionbdyeltdpropt RJrang Bf is more

preferéﬁT&c%ﬁgyéo&ﬁfﬂ&hléﬂdwﬂ@f@lnpESEﬁrﬁthu§ﬁ?|%R%O@vdrogen atom,
The conbi nation of

or the XelBingn (ot MFDR (s i vihoPStn FooLh BYOEREeRAEPR, and
the othgmrioyare tdrom I qﬂfwbmmuﬂuwt@wﬂ giecwd, Rar

cyclop@disy Rgtsudhydrogen atom and the other is nethyl
[002819" OUp, et hyl group, fluoroethyl group, or cycl opropyl

group. [0028 ui nol one derivative wherein R1L is a
A5 epsimahaney JB@SFW effvad SHPSinlM e ferbonyl

group Gedidied TiqueEn degiros aa:jtdl FEEFdJLm;J'aiEd, R is tyipaseide,
and R? QﬁoggF?og%ﬁf%Eoﬁﬁlg R gh&gg Tge g?g&gg?ﬁ'ggﬁcﬁmlno acid,
aipeptigdiy uitins i gt G e eI T AT 1o the
one whﬁq@@samar@hﬂ@mmcmyJCMQawa@eea rentiree |daniprprsbdyy of
cleavadd@rpeid dlernkz@{gi st b GRIP DA Balreantide

R i 1%8%3%‘15%2% 3 AR Ehcreco.

Exampleg,af é@ﬁﬁﬂﬂﬁ tIHBP &HD produ01ng such
a prodrslsgbsind]u&m $Lﬂmt|nted:dd @:rar}:mn}&mmxbsamtdaemm demrived from

an amirf Béfdlrae,sxﬁ:h?][as”%ly‘?ﬁn%spaélta%rﬁﬂ' Gr & a&%qtd d&id; 3
dlpeptlggenSt | tgzllj:a rogl%&rrm ne,, a ?nﬁlelgg}lg}fﬁ rné:) ar %%rnaeglsnuec Luch as
glycinealgdniaigeal My@an%@daalmeu pveqotald@mlamtr@i fargima

trlpepthdéCidbﬁl:st&'thﬂd&? frQm PRV N ISkGhe AT asparaglne such
as gly 6%‘3'%1?/ cinealani ng. g%{ lg%]r}éc'ari%n%' fAninesal ani ne. 5

r epr esent’s an group contalnlng 1to
[0029]carbon at ons,
R® represents an alkyl group containing 1 to 6 carbon atoms,

a cycloalkyl group containing 3 to 6 carbon atoms, an alkenyl
group containing 2 to 6 carbon 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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30 a cycl oal kyl group containing 3 to 6 carbon atonmns,

an al kenyl group containing 2 to 6 carbon atons, or an

al kynyl group containing 210 6 carbon atons. \Wen R3

is an al kyl group, it may be optionally substituted

with a substituent selected fromthe group consisting

of hydroxy group, am no group, hal ogen atom an 35
group . al Aydridni tthegeou oo nbee femged 10 etdarboratpne;, aridyagroup,
and tn@l K8XY o géfgprggniglméeg 1 Lpofipearpon atoms. [0030]

Whe . Bk

IS_an_a rou ro

T her CLORLEY b BROURRGPRE S G, Anthel SFRDPLPEaRs i
preferahéyatkylogroppl|grdappoefeyabbbuhnlhgrogpoupndemhye
preferab@ypey@igpyb gio quﬁr Isopropyl 11 grOUﬁ Among

ese pre erre y L oup

LR Fhsher oEr Gp F vt AEhdY s, O OF Pobn gy XEaHE OB,
prefergbbyiptieneasn @1B‘Jt@n€ @@ubbﬁ heads W@lclﬁsréﬁeﬁ%l y
particﬁj(ézi‘l)prDmitQﬁOﬂ@rOitﬁyEJ:@bﬂbul gE'TCEU@reﬂﬂ’Eirm eate vinyl

group, p%f&g ﬁ{?iyggéf&go%ﬂ&y% H\?P n%;g‘&‘pal grou

6 car e on
contaipiygng BﬂeGd%%BP%nb%EamSmh%cﬂl%g HB?feﬁ Pﬁ Pye
contaihinytedeforipls bcaﬁ;owhldhelﬁrB@Erp@dtacelarhylllmlted for
its 10850UBn . ProReMle GOl AR Luleiyl HFQUP, ﬁr oKy N na

outhyng o By Zs'”' At rbe?fﬂet&henppﬁf R 3 iyl

group &@dn©th$@Y1|@U¢@ply I|n1ted for its location. The
[0031preferred are ethynyl group, propynyl and but hynyl .

1 .Eg tign ﬁ&ov r v1ﬁﬁ
rougR aﬁ%seat rl]{y(i §q~ EL B%?l al?lsﬁ/ané ¥tUted
With agFgbptlFreRaySs e%%?@oﬁ%?mytgﬁb%¥?F®t%ﬂnS%Fth% droxy
group, subshdo t grectp sehatdgen f aoomt hen gabkpl tlohsi grong ofntaining 1

to 6 cAVSERXYtoRE OUPng adth NY1186RY pﬁr@@ﬁoggﬂtﬁlﬁﬂhgaﬁ to 6 carbon
al kyl thi o group contai ni ng carbon atons, and

an al koxy group containing 1 to 6 carbon 20 atons.
Wirern Ghe swbstituent of the alkyl Foup 13 hydrexy group or
amino @FOWP, OﬁheaQLMﬁlqjﬁ@@p i@epﬁékdfaﬁlpUQub§tptﬁfedahiyh such

SubStlé’L&IgI?E Iéyt'@lge V\%épl? ey CéﬁHpélrll %&@[‘Ht %tri B[[l‘a.r%n les of

ar bon  at om | e exa es of
the al%.%@ow FPERIG r BYPTFE %%l%x%%t r‘@%‘ﬂﬂ% hy 2%r up, 2-
hydroxhyipk yetdyd, o2 cupdr:hydoxy pyopyb, gaod p3 -aydroxypropyl
group, %M%Pé(ﬁ/@f&pyé eBiMYPes 30E PRef el egrXa@pPhesing dheno

group are mfhoLg%Qaflngogg]ng—amlnoethyl group, 2-aminopropyl
group, and 3-aminopropyl group. The alkyl group having the hydroxy
group or the amino group is preferably methyl group or ethyl group
having such group, and more preferably methyl group having such
group, for example, hydroxymethyl group or aminomethyl group.

When the alkyl group has a halogen atom as its substituent,
the alkyl group may be any of the straight chain or branched alkyl
groups containing 1 to 6 carbon atoms. The preferred is methyl
group or ethyl group having a halogen atom, and the more preferred
is methyl group having a halogen atom. Preferable halogen atom is
fluorine atom. The number of the fluorine substitution is not
limited and the substitution may be mono- to perfluoro
gubstitution. Exemplary halogen-substituted alkyl groups include
monofluoromethyl group, difluoromethyl group, trifluoromethyl

atoms.
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group are am nonet hyl group, 2-am noethyl group

2-am nopropyl group, and 3-am nopropyl group. The

al kyl group having the hydrigxy group or the am no

group is preferably nmethyl group or ethyl group 30

havi ng such group, and nore preferably methyl group

havi ng such group, for exanple, hydroxynethyl group
group, oandnk nppet hyi f gnoupethWhegrdhp, abkyll the oppehasrad is

monoflﬂ@%@ﬁ@ﬂh?ioﬁ¥@§¥'tél§ﬂ@§£bﬁ8§ﬂ§l 5Psup! Kyha 9F PUP1 BB¥omethyl
be any o e straight chain or branched al kyl  groups

grOUP-containing 1 to 6 carbon atons. The preferred is
w@emyth@55@#$m¢ﬁu¢n@th§lF@¢o@bkhhvgngua hal ageallaybplpio
group @ﬁdaﬁhﬁlﬁBk? PrehE! rele ASkPEt G¥bufr@sp PBavédghér a straight

chain o?lggﬁﬁﬁgéﬁg& P{ ? $£é8?haa8§eghgt %y? T££g9§sfﬁ Fhe

nunber [Uubri né su
alkylth1ﬂ1gé@uﬁn@rth%esﬁbg@XYug¥@%Pnﬂ?Yb@lﬁ%n%e ?btb%¥fﬁu%F6alght

chain &dbat biahded £Xbﬁplgf®uﬁalQ@ﬁﬁasuﬁﬁﬁigﬁﬂuyihﬂﬂaﬂg an
alkylt%{?ugfouﬁﬁlﬁ éf%ﬁgﬁPi'gg{ g?% thgﬁ roup Oﬁ an
alkyltlél‘%e"zhl’]rrﬂ‘a oe‘i”h‘}l the o%H‘Y%r’ﬁ]al‘Ph%’X‘ﬁ%fje? rl%ﬂef‘%rgbfy the
one combhbfiingrbnet hyl carloomp, atems uorBreetpnd f agrmadg ,axnd
methylﬁﬁiéﬁé@ﬁ?ﬂf§fahp, ok oihp1 £ NNERe £ R SYPShh L USRY @étﬁﬁfthloethyl
rLoQup i.s an al_k lthlog@- roup.or_an alk 0% rably an

group. 181, A Rl BT e oh P R e R e
alkoxyr@@tlarfbrmmdoal 3| ank%qbetlaﬁh gHeun| kynd n’@hl%t@/lrfhxy h%roup
is prefdkybl{i therongp @wnﬁﬁﬁnﬂmgOX¥ogrDU@aﬂBgnaas@m@e eittcher

t e I
Preferf’?%u% %5%%%&% 16‘%% rﬁﬁ%@%@éﬂrf-’ Py o
methox g ik (TR hyl TG SSRGS e Jgrﬂarﬁwl group

and methmkymmmhykyQI¢mprgroup Is preferably the one
[oo32]containing 1 or 2 carbon atonB The preferred are

th ﬁhloneth Ithlonet I rou
TRt ody RYE LBV Fribl BE eves et i3hone or more
group %m@e%rml@%rﬁ@i&tﬁ?ﬂwtwﬁkd&%nﬂ rﬁylk (05]1 305\
contaimindgl Koxyed hyar]g:ﬁrowﬁtomﬁ hdPodgdk oxtyoryy cupidd gsoup, and
hydro:qg %&5 bl )Prteli‘%r%@) ne?rhﬁ]erég of Huch %%{b@%rl ar-g‘(?nethyl

ed are neth group,. et hox group,
group, ae'rfbhy H3Rrethifo Jffr e HOT It F L e%l
[0033inet hyl t hi onet hyl group and met hoxynet hyl group
| ﬁl%léfe?ﬂam?é) é@?h%r[bl%% IS afcrralcq%dd@/Ithgars@uréonttaqnlng 1 or 2

cazbon G R0 AP O AR L BB S B
fluoroﬁ%ulrﬁm%ﬁﬁﬁkm mlgérrcaﬁbr@ra@ﬁ FERHE ; dfRENRY dFEeyP or
ethyl dE¥@up.hdRFaierabi exsaoq esr dydtshy spbsdp § uaid methyl group
havingrgﬂfﬁﬁethyl group or methoxy group. R’ is most preferably
methyl group or ethyl group.

[0034]

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. 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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group, ethyl group, fluorine atom and chlorine atom
25 [0033] Preferabl e exanples of R3 include those
containing 1 or 2 carbon atzons such as nethyl group;
et hyl group; vinyl group; fluoro-substituted mnethyl
group or ethyl group; methyl group or ethyl group
havi ng ami no group or hydroxy group; and nethyl group
contaiffinfjavi g thcappbhybhtgneupand amt Abkyxgr gupupR8onsaining 1
to 6 cQPEBnpé§£ﬁ£abH¥ aﬁﬁtﬁylaQéOHBtoglﬁﬁm¥En969E@ h0@38ken atom.
and R5 1 nde enden re res en at om
%al ﬁzapﬁﬁla &f &PW&ﬁn&r Qﬁe RI% ™ to 6 carbon
&8 bns, 3 antal koxgmgevep Gﬁct@ﬂtatnuﬂgunet@nﬁlu@ibgnthe carbon
atom sﬁé@é@ b9nR‘a:alsﬁﬁyé5 @@lf@rﬁp@{ gy %ﬂl@ @treRReR with the
ong, _an_al kyny [0 L ni.ng
pyrrOll %ﬁ%,rlng’aﬁﬂopklgna $§%§§b§ [ uteﬁné SE%?E%?TE contalnlng
oxygenc@ﬁ@@|ﬁrn§u%fv6 BtomarPon HibBHsTEMARA Fﬂoﬁr ﬁ6d|§P5h°nally
being @blkytiguoed, withmayhdeogsnbatbhubedam dbkal sybstipt entaining
1 to 6SELEELRLELAM ég&gﬁg Pyaasial 095485 it{ﬁ LOX¥y
o%g% am no ug gen at om an.a abgrouE
%g SFRYHOPD Y60 JHnGt st kY Bhoat ng by
double gipoup, cbheaén@mgtnylene6gneupoopaionallﬁmhawdnﬁ51aoe 2
subst1@@én§ényéi@@@@@3f¥OHYH§@ é£%3§98h954aﬁﬂﬂo raﬁﬁ ah§Pogen

d I
atom, &y BbEvt B RCT EaPR T PE LA BEnL O o o LRAP CHERYE gl an

alkoxy aseoRs @@nt@lmiﬁgsbl?@c?c¢@€b@ﬂr@5©®$e with the
[oo3s]pyrrolidine ring, the thus formed spiro rlng

t
vﬂ?éﬂoé‘ﬁrc#o Regﬂgfnhﬂgﬁgkgﬁlxggﬁgpa o %XSB EEtﬁEQmaa%téalght

chain %t‘ﬁ %rm%%%rﬁlalﬂs% %?Olam 2 RY| 1@%}5 %n@%&wig@frawo ethyl
group, Gprappbngatars optiscatdyyhagirogea sobstpretarabby mothyl

group éP)et%mf%%Lﬁgeal?&Qh@s@oﬁﬂéf‘géﬁgl'}nﬁe%fvi off-gipe ring
rRO0S, ahorify anpeobe BaeThRER R %3 "B Byaroxy

group @Tfo%ibln%nﬁﬂf@l@r@‘aplt%ﬁ%%ﬁlt%@@ﬁx e ad kiyy hgéo‘gPohﬁ
prefer&@ﬁ?a$ﬁbﬁmhﬂuﬁ@dGwiﬁmb@@d@t@ﬂBstaﬂ@eﬁﬁ a@al koxytgrmimal

carbon & Ir@' ”'ﬂ% ky]1 g&%@f’?laﬁi‘}aly iy @P%@oﬁlﬁ.’ﬂ‘% E)Aﬁré]‘.rerably
the ongRAREBINLPHIEMCHRM AFATHORI BUPTS arth? (PRRY B ot Fyfmeles
1nclud@rhy@moxymgthygrgmmupprbﬂ@ngwxmmthpl gB@@pop¥+hgdngpypropyl
group, BHE Pr Py ro@%ouﬁﬂg At héﬂﬂh%?&ﬁ

refer 0. When R4 or an a
group @%ﬁYkﬁﬂ? g iscss) Featodll &
preferable examples include amlnomethyl group, 2-aminoethyl group,
2-aminopropyl group, and 3-aminopropyl group.

When R® or R® is an alkyl group and this alkyl group has a
halogen atom as its substituent, the alkyl group may be either a
straight chain or a branched alkyl group containing 1 to 6 carbon
atoms, and the halogen atom is preferably fluorine atom. The
number of the fluorine substitution is not limited and the
substitution may be mono- to perfluoro substitution. Exemplarily
preferable substituens as halogenated alkyl gruoup are halogen-
substituted alkyl groups incilude monofluoromethyl group,
difluoromethyl group, trifluoromethyl group, and 2,2,2-
triflucroethyl group.

f0036]
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group or amno group as its substituent, the alkyl

group is preferably substituted with such substituent

at its termnal carbon atam The al kyl group having

hydroxy group is preferably the one containing up to

3 carbon atons, and preferable exanples 25 include

hydr oxynet hyl group, 2-hydroxyethyl group,

Whdwy dR DXXPIROPYE agr alRylagdodphpdrdxgpaapplkyichjo §reup or
an alk%%%ng%§ ugﬁhﬁygn uggtge%eﬂggughézﬁgk9ﬁ§§ggh%bﬁ99 B8€either
= stralQhinPRaLRneF (BePERTRORSt AYFYhr SERUD 2- SHAnGBERGIkYL moiety
in the gabluplthPeagiogpropythgralboxgndr@upninappedpyl dgrauptraight
chain &P él%sﬁal%h@ah%@kyﬁ gﬁ?@ﬁ) kylr_rr_g% QUPcEN tyEdiS Iiﬁ.\{(igﬁg an

rou as a_ hal oge om a yen e
alky1eB{ g UP- 088 £e RECIERL koM S L PR ERYE bpobll® an
alkylthiogehel GrRyP. gpBHupl cahlkal BRhgPIoPYl 69EarBonanat BHE,
alkyltians @f@uﬁangpﬁ?ﬂéﬂ@blﬁ phef ehabtynthinihgelatons Faebon

nH&H%% or. ti [ [.S; ot | i\ |
a,ltoms' t he 3t ﬁ;lfjebéét%%lt}r'one}{rgglb rméhfogdﬁgl ép% u%r# oﬁ]&ff&@;&? group
is methybehienetionl Exewpt af HiyL1thtererant 95088t i Phiens as
methyl tial ogemat egralky| Yraickyr ealpdavinsnbt iglited group is
prefer@® Y| afr QUPSK{HEL HgE @P@@é'UQﬁoﬁﬁkBﬁ eghPUPgroup, or an
1k dif gfronethy %éo til iuoroneth% grogg d he one
alkoxyRrappl GroPh (PRl Hit BHEUEY F0OTB058] Pist Can? RatSr
contaimReng sl apo ab kgdrpoupt tragi ndlane ausietalyr dupe cgrlkanl group
havingEéMO%Nk@&ﬁU@r@@pii§rFéEEF*?M@ﬂhylL@Eoﬂ%kéét?ﬁﬁ?@eﬁhyl group,
rai ght chain or a branched al kyl group,
or mEtéﬁ%f%%£§%l%§?§%biety in_the al kylthio grouE r tgi

e & §Fb@% hiy2aF¥6iBelkydt FaPYRr 15 &RaP e%?rﬁ Y
cyclopiw@nk hedowb kyt gyolpbuing @rdyp, grodpnbeei pgebarably
cyclop:?é)ﬂﬁyit@i‘@uﬁ.rlol'f/ﬂ'lle%ﬁ.ﬁﬁlxelr@bli)é &n s@iﬂé\ﬂitﬂ?ilt%@iletd%loalkyil group,

rou n_a i oe ro or_an_al ky Dprao .
the suffctBiedl ndy e (hORe B otbe, Snfledbsipt pl  BRY 15 ac
least eumtsbshituenrd Sekeeboh [aemnshe \BFeupreperabringt g an
alkyl ditdayd @sotdpidhavg ng o6 &l dadibhdnm cagowsp HOlogen atom, amino

group, [Ed My OEF L@%‘ﬁ%ﬁp‘i’%ﬁ%%:%ﬂ o i lsubstituent
are melly G R LAYT FERE ant LIGRTES KoxThet AT Ghbuhing paton.

[0037]al koxyet hyl group, or an al koxypropyl group, and the

WO growp is Rreiesgbhyathl, one ma9nbai Ri8rinkoadon,
rbon atons [ referab e 0

Chlorirﬁei\iar%ﬂ“'anoﬁl ¥ egr s %/?136%(5%‘%% !gg%%%gi&g atom.
[0038let hoxynet hyl group, or methoxyethyl group. Wen R4 or
Werl R'acey®Poakkyh gIRURY ftoup, pLef magbby any of the alkoxy
groups derived from the alkyl group as described above, and it is
preferably an alkoxy group containing 1 to 3 carbon atoms.
Exemplary such alkoxy groups include methoxy group and ethoxy
group.
[0039]
When R* or R® is an alkenyl group or an alkynyl group, these
groups may be as defined above for R*.
[0040]
When R* and R® combine together to form a spirocyclic
structure, R* and R® together form a polymethylene chain containing
2 to 5 carbon atoms and opposite ends of the thus formed
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cycl opropyl group or cycl obutyl group, and nore

preferably cycl opropyl group. Wien R4 or RS is a

substituted cycl oal kyl groygs, 20 the substituent may

be the sane as the sane case of R3, and is at |east

one substituent selected fromthe group consisting of

an al kyl group containing 1 to 6 carbon atons,
polymetiaydgesn cthaiy bnm@otogtn@pcaahdnhadomxyagxngpthe rR* and R°
attachéﬁeéﬁéﬁ@ég @5aﬂﬂé§éb?fféfcg §f@§lét§€9uct§f§ meiy lthus

u rou and chiorine a
formed SefG iy Naen Rebre L] & HCHAPOYRn SR ontS | TLaoBesred
ring, amdloatmcmg atlmme, ctﬂl@rpmf%:tmqi arei dohembared) rang or 4-
membere&ﬂ ef @bl dnd fi’:l‘x’@ﬁh@ﬁe aﬁsﬁérferfé)@Sﬂe Wheete BEA RPi h§ . aThe

al kox [ ou n XY, 3
netny1 Gie ol PHE it SRR SRR IR s R AU wien
oxygen jgatem onpr%#%ﬁ%wt% %@k%@tvﬂg@o%@)t‘éﬁ'@%@ nRpgenogyche. The
ring f@zﬁﬁ@:ﬁ)mﬁtmmnﬁbabytit}ﬁhlaykQ)ﬂbsgliﬂup&dl wikhde halogen

atom o%&o&ﬁt%ﬁfl@%ﬁég%dte@r ﬁ {11'1541 Ofo 6

IS an_a roup or an
carbon GeAR. mEk e 4T 1 0P R T B rlr\maqt% and

chlorirendatREn coffhien e liye tdrenup mafyoims @Jmam@/cﬂunalght chain or a
branchesd rACEH eyrdito a%@%ﬂ@%@f@%rf&ﬂ 3 Pe p(ﬁ’éME@I hyt&ms, ethyl

ain ontalnln arbon ato posite
group, FAEGE T n ] of S o IRt G GO e BP R0
are mefhy} HErQHE boh tlom MENewy- t Fe iR adiy IRIT oA déheptionally
substidutsetwi o 4 hanedyi fuen® wiytdh cistpuefergblfhe hdlsgen atom.

£0041]forned ring may have a size of 3- nenbered ring to

si X- mgnber ed. rlngt and annng t hese, ﬁ Breferred are
YhshedberBd R ngoortacs hFeRBe ’éde?‘P‘ﬁ@thH BREnErRPPewWiich
binds tpr dffer medrarlel Bime mbisre doy | dgub Tdhdoomat hy | @ameogm oTgprhen

double tﬁtﬁmcpolé/r@éﬁwé&rwy qh;fior{g NBYe hes F16Hh agesh Wt hoo OXYO8R 4 of

the py RIS LU LM L0, 1oL & SENES! ol NEFERCRKELE Lo as one
of the grydhon @ wi LR @uml Gg&d-S€at é;ﬂﬁeo@Yafﬁ 16Wd4 |spbstituent
moiety Hhstd tathecktal ey | regotmemond abnitige 1F ¢ D1 & iy chs bl a :

atons. Exenpl ary hal ogen atons include fluorine atom

[0042]
and chlorine atom The al kyl group may be either a

strajght chain or a branched al kyl group, and the
red are nmethyl group, ethyl group, propyl
i sopropyl group, and the nore preferred
group or ethyl group. This alkyl group is

[0043]
wherein R** and R®', both represents hydrogen atomg, 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 optionally
substituted with a substituent selected from the group consisting
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15 substituted wth a substituent which is preferably
a hal ogen atom [0041] Wien R4 and R5 together form
an exomet hyl ene group whiche binds to the pyrrolidine
ring by doubl e bond, a carbon-carbon double bond is
formed by using the carbon atomat position 4 of 20
the pyrrolidinyl group having the R4 and R5 attached

of hydtbeyegooas, caeinof gt-dep canbbongatoatohn sochlhytabep group

contalﬁfﬁ p¥r£8|éd%£¥$o§ug§$h§ue§ﬁd QR'&EKOQ? @oéﬁrgéﬁﬁéﬁnlng 1
repr esent ed t R41

ow ng fornu
to 6 capbeg ARPRL/ \RENDS N3] R GTLIH R T LD PR eLning
1 to 6re@rb@@nasom§d®DgEhea@nn@lk©xybn@r©ﬂptﬂ@ntalépﬂﬁséntQ 6

carbonaa@dﬂf0%@?p§é9§%@8ﬂytﬁﬁ QIB?It?ﬁ@r6§eﬂlﬁoﬂy5gbéhptd@ﬁtalnlng
cLe rom e | 0] ou

1 to 3a%§ﬁ%°%rob%ms’hd? é§¥8¥%%$g% %tﬁY%Qﬁgg €¥o§£ chylthlo
group. ceRtRPRY ngraue o ‘Brc%\ﬁ?]b@iﬁYagﬁ%P %J@%%%h atln%ﬁypﬁ%ﬁﬁably

methylﬁ@ﬁ&agﬁ¢@g drt@eﬁh@ﬁyb@ﬁo@@ons Wien t he substituent

t j r ;
ﬁ?i gm tfé%éﬁ%¥§w?ﬁ¢%t§£ er% Ohod %HBS@Ituted with a
Subsu‘b‘b?li%n% 3 T R N B L e L
exometiybem¢ hergup upas onsésh$ngtuent of thydselkyt reept a#i no

prefer&ﬁ Phy@ﬁéﬁﬁefr@&QnWaﬁﬂn@|#ﬁ&ﬁﬁ'Ofgu@ﬂﬂneCQQéﬂlntﬁgoilne
alkoxg?ﬁroup containing 1

atom, %F%yig?%%ngER%ﬁﬁ O%ﬂ%%gh?ﬁ%s%r e an al kylthio group

[0044]containing 1 to 6 carbon atons or the an al koxyl
O OF ) L1618 atdtibighat ien 6oH K'arhen /it agsthe pref ehaltkyn one of

R* and.%? @Ekﬁkggbgeﬂr @E%oéﬁdgEﬂgpoEﬂgka Ei?guo}lh% %t%%rb%%thyl

pre erab H%& groug @
group, iUl FETHOXy G Bub,BERPEL MRSy oo FPUfjoy gornal -
butyl greipr abyylopmebpyl tdwougr ofipucromethpkyggeaepp. methoxy group,
vinyl &’f&iﬁra&y@tﬁ @ﬁ@&ﬁyl %Il%cﬂrﬂiléﬁ:ér%:élptar%ﬂi&t bt &d
rogechd i) SR e ChORS A SRR OB LA inciuaing
the caxpestiteenshare@ RBYibRYia rﬁ it LSRET & ARG structure.
Furthe®) P ardTRIOpgEBEPabli/uabinBénat eByechker foemiagoan

exoalk§%gﬁglé§gﬁbggéﬂ%hiﬁ!nﬁeih95y5géQH@on atoms.

R* or R® is preferably a fluoroalkyl group, a fluoline atom,
or spirocyclic structure or exomethylene group by the constructed
by the combination of these

[0045]

R® and R’ independently represent hydrogen atom or an alkyl
group containing 1 to 6 carbon atoms. The alkyl group may be
either a straight chain or a branched alkyl group, and the
preferred are methyl group, ethyl group, propyl group, and
isopropyl group. The more preferred are methyl group or ethyl
group, and the most preferred is methyl group. Preferably, both R®
and R’ are hydrogen atom.

[0046]

R® represents a halogen-substituted alkyl group containing 1
to 6 carbon atoms, a halogen-substituted cycloalkyl group
containing 3 to 6 carbon atoms, a halogen-substituted phenyl group,
or a halogen-substituted heterocaryl group.

[0047]



10

15

20

25

30

35

[0044] 15 Preferable conmbination of R4 and R5 is the

one wherein one of R4 and R5 is hydrogen atom and the
other is fluorine atom nmethyl group, ethyl group,

nor mal - propyl group, isopropyl group, normal- butyl

group, cyclopropyl group, fluoronethyl group, methoxy

group, vinyl group, or ethynyl group. Al so preferred
witien BF dsd aRha20geageubert iftatridng léyd! gpoopanentiadigioyg 1 to

6 carb&ilcg.@c%h’él__\‘gnt?%é :c%%{r%/fcéf’cﬂﬁ 5o {8 GREP A% aéPE‘PléPaé: eéitlpéllght

1 rocC ruct ur
chain g & RFREIRAIGrAB S dHETToL G HF TOh I hep o, ethyl
group, exoabKy|emmmr olgororal rdng, tlm%ylcambwp atopebuiRgl group,
sec-butdfl @élg%,preﬁ{@r@ebﬂ'ﬁ’ kﬁftf}}’llcgﬁﬁiﬁw Pﬁ{d?@,tl'@s{el M@H@referred
SRLILOCYCI | e

is ethé%(éﬁ?%ﬁ'the coﬁgfﬁ%i e%O%by%%he co a?ﬁ%hgﬁﬁgahgroup is
preferglyga 5 1uqRei i o R | 99t cfekrieie 2t &pr e@@ﬁtm@mj rgRFerably
fluorimd @i, aExakplles @fotpeC Gallaigenigubstitd thteal kdkyl group

inc 1ud@tﬁﬁor&t@tlﬁl§%’éﬁ]@£&9aﬁk@ @Leoégtg'lﬂ g&ﬁ]{g}%ﬁ‘ ;‘%Iﬁe?ler tﬁluoroethyl

hal n or

rou
group, H ddhRTGrIRED ethyd =T ‘-g{}ﬁ?é) @pﬁrﬂf]%up, and
WisoprRSpyks gr bapogEhe snbse ipuekdr cyd larvd kydt gylouyr coptaining

3 to 6 Qfa]%p&i/ﬁtec?ﬁeér)gg&x 1cgf£lf]@ﬁ[ egﬂm nﬂ(f%dt.e

an r.o n_at o
cyclop D T ecplfdebs%q\f% T oo S N oo apRyf and
the Pregfrﬂit?{ﬁctolrﬁ G IPropylo BB boﬁX@ﬁ@ﬁa@rYa substituent halogen
atoms irad logen-Sfestide taatbnt Yol d ad Hydr 1ge0 Ut ont 0 Nd réd. rttm Bréferred
is flué}fﬁg ﬂ?tOME (@) Fﬂ%@%&gﬂﬁﬁggs%ﬁk t%%ep%%HXJ gﬂﬁﬁz

or a
up, and

L en-substitute eteroary
sufficignt vW?éHi § PLEIRYXSTRN-3 Tk %O%r
the monnnpnnﬁunnpd.IE)diﬁﬁmdnnfkuqrunyqlmprnngﬂ gwmmm)nnlety
PR a%lf@g(egle%t%nﬁtlﬁlaw@t haqfa@eel -%b@tqrt@t@aﬁq;r@r@m Poup is
ifire y ne r-o oup
preferagaﬁarrrggl o,;rolgl, onbr%ﬁp’ lbcﬁ‘%;ﬂ chnb, gan% mc%lpt? ng/efeplfak%ly,
fluoringe@tismt y| T§rogpLsaAguLdon Wit toRedE,
preferddls; pf éhfcﬁfd—ed)r Icﬁ—@iﬂb@t]g:rmp;n Th&‘hl&all'lagmgeaat-@mbstltuted

shery SRR U408 10 Y QIR e FLNY {18004
group., Hom: ﬁB@%ﬁﬂ%ﬁ¥Qﬁ FHe tﬁﬂQRRWIsubstltuted al kyl group

Tihrec lhede fdasyrlometdud  igr dpe, HbMdgsor-cattiat 1 tgrioae hedreroaryl
group rr%yf lyeorpetinp - nﬂé?nkﬂé’x@dp,o@@ dihe i erdehtSnatic
heteroé%cll%PEﬁﬁggyl (gﬁﬂlng one or more heteroatoms selected
from nitrogen atom, sulfur atom, and oxygen atom. Among such
heteroaryl groups, the preferred is a five-membered or a six-
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, pyrrolynyl 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 chlorine atom, and more preferably fluorine atom.
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Wien R8 is a hal ogen-substituted cycl oal kyl group
containing 3 to 6 carbon atons, exenplary cyclic
al kyl group include cyclopsopyl group, cyclobutyl
group, and cycl opentyl group, and the preferred is
cycl opropyl group. Exenplary substituent hal ogen 15
atons include fluorine atomand chlorine atom and the
The suipsefeurbch with| tios i el adeam abmot s weseé f¢valb by aM heno- or
di-subdiechal ggen atomis sufficient, and the preferred is
nmonof | uor ocycl opropyl group, and the nore preferred
[004 Bhs ci s- nonof | uor ocycl opropyl group. The hal ogen at om
Rh isheriedleagén vs ab il oglesd spiyeityit ugedu s vicd caddryl group
contaimi e;l,r ahb Ve fééh%érﬂ&a@ér@én Odn@%ﬁfé@ampma amd nore

naloge A donn (LUOLL N 2l O e sphali 1 on, Y Lh the

efe

halogermp% |§1€FWRm a%epaﬂatwélrﬁmbsm (FR?S bhény|

: halogelgﬁ@ttpﬁopﬁow]efgﬂ‘ca@y 2Hd worep peryfergldep,is

monofl]#?]]f-é et eroar Oggl n t%%%ﬁiﬁ%n?%t?ggoup 2

monofllh%'q%q, cg;_:Pro bghg {H}C\?é ﬁ"i;@lr 2-¢gis-2-
fluorocsyo&cmzmzar]ecgmlmmtami fretmrocyollar gr oL, 29nt 2t ni ng

fluoro@RELYrdPFEe helgs oatoms selected fromnitrogen atom
[0049]SU|fUY at‘om™ and oxygen atom Anmpng such heteroaryl

roups, the preferred is a five-nenbered or a six 30
R‘reﬂﬁ@@i’fééeﬁﬁ'-ﬁr Byerogent aitAtng PACENEL U& ONEL e PEEFSRYaIethyl

group, @rmoﬁor&mwﬂ @o@ﬁléﬁm@mﬁml Exepqmb argholine

group, PG cSL? Pygﬂ'csl:r%gy Hpk?tfk?éfFldlnyl

| per.i roup id
GOUD, Gr Y % gciﬂl .@Eéﬁ? i }%@]ro‘:ﬁ? P pyt 2T XY -2+
oxobutygr cgmumyrard)dl]grblggotgyramuhmnggrbdm pyradeon ytoms, an
alkoxyn‘?é: odp/ ré&lﬂﬁlﬁmg of GUP, 7 Rya[ﬂ%ry N ol OUPy: &

azo |d|n Fo]¥] u
phenyl; o%oa%%ﬁ "&?foﬂusplpﬂ%ﬁ%z% B Ramainpe 1 co ¢
carbon g-?rtdufrﬁ WBIFBraA98HP gr oup, and among t hese, the
Rr egepiredeirabpyr hthilr-ogeauptobhe hal ogen atomis
[0050 ]preferably fluorine atomor chlorine atom and nore

X?referablé fluorine atom 18 The ubstitution mﬁtg
h&€RAFEE ﬁSan’F?FPgeBr aferabfy 2ahAoRgEpATOm- Prererable
halogerdiatsubsits tilfuamning GO48] o:R&hls:»rm'ref ertaiphy and the more

preferxf&ti ogeresihisitdd Wiedh Cy &t oak kykegéeézm}ff cQ8t2hal ngﬁ’a or
carbon atons, and preferably,

hydrog%|aogoé"nocyc| opropyl group, and nore preferably a
[0051]1, 2-ci s-2- hal ogenopropyl group, and particularly, a

A IRpi®)sent haliageeey Gept epyla gicikty Herayented by
for“mlc,;pr((elflqr:abl eis

[0052]

N I

X

[0053]
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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nonof | uor ocycl opropyl group, and in particular, cis 10
nmonof | uor ocycl opropyl group. The nost preferable is
1, 2-cis-2- fluorocycl opropyils group, and in particul ar,
(IR 2S)-2- fluorocycl opropyl group. [0049] RO
represents hydrogen atom phenyl group, acetoxynethyl
15 group, pival oyl oxynethyl group, ethoxycarbonyl
to forgraupycthol sheugtoup, idciretihng anpaoét byl theowpiher nucleus,

and the" tﬂggnfbrﬁéguﬁlnghﬁﬂﬁlbﬂtﬂ%halggoéentaln oxygen atom,
- 0XO0-

nltrogéna%}é¥‘25‘;<y°‘é SBb{SBEt ?Eoﬂr%ﬁpx an"d| W% Fo’ﬁBC’%n?BFnFHa ring
may belsubstiturBdnwatbnan ahkyélﬁﬁﬂypecﬁytagn@ug &ohPaP nFagbon

atoms 3ptOordalaybpavehgns, s@bsai2lepbenyl al kyl group
[0054F£ONPrising an al kyl ene group containing 1 to 6 carbon

atons_and phenyl group. RO is_preferabl hzdro gen

Whaewmn A f@O%OT°¥StYeﬁ?%%%ﬁ?%tﬁ@dPﬁg%ﬁrﬁP #n of Lh h%P@g%nlS an
alkyl qtoup Eorfeinbhg 126chal ogehont atoins, f Kiowdnoatamiosr a
stralgﬁ@QEMﬁ gom pRRAchbg APk$1 gESh ”%"ré&fiﬁ@' B is methyl

Xl is prefera ri ne,atom or dr oge

group, SeERY  GESTR, RECRRLCYERTE: nPL, bUN Gobin BLOUS ptayamong
these, repeepeafedrey age methyl agtoup: apdosehyy2group| 0888] the

more pWRELELFEA X2l AP Engﬁoag alndn gP0dR eeNbAldiYd gkoup 6
contalﬁf‘ng%‘ E‘{)Oé‘sca a, al koxy, gro prOQBg' ang&?éﬁ?kéxy group

caroon a Y rogen aton1 C ano
derivegt GRpM at Bal dev STHREP 28 e@eﬁ%¥h‘9?dg¥%‘a]ﬁe orimpng those

described ogeneapt KoXys grreiferaX? it egetdisry WighoR8 amteiontrinel to 3
carbontgﬂgﬁgeér1§nn%?k%?ﬁn%f?ﬁ%cébﬁté%ﬁyﬁéuietbn | 49i-B9n3atoms,

e thus fornmed ring

and m°£%ypﬁﬁ%?5$%}¥ym%Bﬁ¥ | IR o= %?Bﬂ?xyn$¥?%@en atom or
Wt Uf” dtcorm ét@lavgramgltmrrbert atcomprediedaie filnvgrimey atom or

chlorife StbR] léﬁaaﬁowtﬁr@ﬂ?l@éﬂ%ﬂz ﬂl@@ﬁlﬁéné?blﬂl ng»ilﬂer! %X®%is a
car no to o) na avil n n

ratose S (rdr A S Bofeote oSl 88 AT L epgmanty

fluorlla%oawnu%r a‘FFll%lelyﬁP @?@mp tBPHE igre %alaliéa%lécarlne atom.

Exemplaty gl oPemreyuler etited methyl groups include fluoromethyl
group, difluoromethyl group, and trifluoromethyl group. Similarly,
when X* is a halogenomethoxy group, the halogen atom is preferably
fluorine atom or chlorine atom, and more preferably, fluorine atom.
Exemplary halogenomethoxy groups include fluoromethoxy group,
difluoromethoxy group, and trifluoromethoxy group.

f0055]

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 unsaturated. 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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straight chain or a branched al kyl group. Preferably,

X2 is nmethyl 10 group, ethyl group, propyl group, or

i sopropyl group, and anong2d hese, the preferred are

nmet hyl group and ethyl group, and the nore preferred

is methyl group. Wien X2 is an al koxy group

containing 1 to 6 carbon atons, it may be any of the
with aah&okylggoopp. dehictecpdrminl et aldylrgricupmsferably a

struct9B8CriPedsahoNe. LHATPRE FHeRR145 dgsenihed akove, (Xe $arbon
fom agreferabI% an alkyh group contalnlng i to 3 "carbon
a t 6% Br9Bh STRORVGT obP BORFRPRENYEE™ 0 3 car bon

(0056t ons, and nore preferably nethyl group or nethoxy

mlﬁ@lwpz_a Vhen ﬁ@iéﬁya{]@f@g@mﬁ@am fdris1dr ef%r abahﬂcli the
, [ tom.or or t.0 e preefier
substi{ydft | KE Ay, S0 AN A ARE BePus) B eteranty
methyl ng¥eyP. gpolp! FFeUPal BYEROHEY ofF PP pret EHapryme Fhowy | geoup.
cyano gtonmp prothtiol onenat atemandndones prefefabilyl§| werhye group,

t Ex§gp - subsiityted met hyl groups
methox?n%ﬁ%%ff uoégfn%%%ﬁggrq%g,éé?%gu romet hyl_group, .and
YRR 1ot Dript e gf ot T TRt 1Ny %ﬂ%‘hl"’}(zqg)a nd the
subst i ta¢wiy e¥iorfsttrex a2 grvoud,c tdterdwdiwgen tdteo mues qurusfderigblthe
format?én;éﬂoﬁlﬁfdfﬁfm&@f3Cméﬁmyﬁe7aé£@17 ﬂ?&@[l,z,B—de][l,4]
ref er al ogenone

bl fluorine ato enpl ar e hoxy
benzox L SE Endenda L (e s Do 1 SEGHD SR (| SREEOdRLIoNs- (s) -
methylpirpigobemertas Ingorpd BoXy group. [0055] Wien Ais a
[0057]nDi ety represented by formula (I1), X2 and R8 may 30
U AEPIIEI D SAILR Ut S0 UELATL GONLA N NG c
a part "of the qui nollone skeleton (3 ang ,1ﬁ§ne t he
featur%a’?%% Lt dihavi TP SE E i PR R B ﬁ’é MEr %Je%OWlng
formulat om havi-ng R8 bonded thereto; and the carbon atom
[oo5g]between the nuclei having X2 and R8 bonded thereto).
The ring forned may preferably have a size of 5 to
menbered ring, 35 and the ring may be either
at urated or unsaturated. This cyclic structure may
edntain oxygen atom nitrogen atom or sulfur
as a constituent atomof the ring, and this
c structure may be further substituted with an
Eﬁoup containing 1 to 6 carbon atons as
ggscribed above for X2. The cyclic structure 40
1/Arefgrably contains oxygen atom and it is preferably
R subRituted 20 with a nethyl group. Such parti al
" structure is preferably a structure represented by
at PositHeR of Mt at GOEEa ) P Hel @b boh the ciiEtotine
skeletdright end binds to nitrogen atom. [0056] 5 Wen Ai's
[0059] & noi ety represented by forrmula (I1), and the

In other words, compound of the present invention has a
characteristic feature that amino group is present at position 3
of the pyrrolidinyl group; the carbon atom having this amino group
bonded thereto has a substituent R?® which is not hydrogen atom; and
the carbon atom at position 4 is mono- or di-substituted. That is,
position 3 of the 1-pyrrolidinyl group is di-substituted by a
substituent including the 3-amino group; and position 4 is mono-
or di-substituted; and accordingly, positions 3 and 4 are tri- or
tetra-substituted.
[0060]



substituent X2 does not forma cyclic structure, X2 is
preferably nethyl group, ethyl group, nethoxy group,

di fl uoronmet hoxy group, cyamw group, or chlorine atom

and nost preferably nmethyl group, methoxy group, or

di f 1 uoronet hoxy group. 10 Wien A is a noiety

represented by fornmula (11), and the substituent X2

Tht pspareygtliddnglr gebupecohheipsebar asgmingtrhe carbon atom,

o N . . . ]
and achOL e, oS erephs P IS Ash. TE sye: a5 SRR e heapy- Fivees
the twReRPE§RaZFe- 6- carboxylic acid skel eton, and in
[0061]particular, 3-(S)- nethyl pyri dobenzoxazi ne skel et on.
15 [0057] The conpound of the present invention has a
aracteristic re that it has a substituent
resented by t following formula: [0058] RR7 R5
N R1/
qui yal ent posi
ot her

on)\ of ft he qui noline skeleton.
Iﬁ sgd cogpgund of the present
vent IRN has a zhar adfieristic feature that am no
up i s present ag(ggéition 3 of the pyrrolidinyl
Rngro 2 the carbong onwhaving this am no group bonded
her*¢t o has a substituent R3 which is not hydrogen

5 atonh gnd ﬁhe car pon a50n1at position 4 is nono- or
are PrafeRopsPft GREdPCThat Fs? - position 3 of the
[00621-pyrrolidinyl group is di-substituted by a 30
BREStHOtIENR® idied Wi Bget het3hgaraaeys atpm idcpesiibigonhe case
when R45L§%ﬁgn%b§%%h &’%%QﬁEbF%E%%bt%&%)qc%%rmfﬁ¥ﬁbwi g structure:
ositions and 4 are tri- or tetra-substituted. fb
10 [0063Dpgo] 21 This pyrrolidinyl group contains an

agynnetric carbon atom and accordingly,
- fRereoi sonerismarises as descri bed below. First, the

R\ t spgpies: [ 0061]
R N
Rak\“ RG
N
R/ R
wherein the amino group is at P-configuration is preferred.

[0064]
When either one of R* and R® is hydrogen atom, the following
15 4 types:
fo065]




10

15

7 RB RT RBSRRa NRa N W RERBRE RN\R2 R/R2 are
present for the position 3. [0062] Wwen both R4 and
R5 are not hydrogen atom (ixcl udi ng the case when R4
and R5 together forma structure) , the follow ng
structure: 10 [0063] R7 RRa N Rap R6 NR/ \R2
wherein the amno group is at a-configuration is
are presefierrethe di06HvMwentehidarrone iof dehersd RS nare
prefer éoﬂﬁgnaﬁﬂg]oﬂ@eh£9i%§mé99uc@éré LyPgai1&00he] seRial
RZ SRS RRRNNNN H ;ﬁvH H RR6 RR6 RSE '
preferapl gt arPachapdff RCEPTIRE B/ NIRS KRR RES 105 8hq
substif@@66]R22 RAddeofr ébenstrikeures haei mgttinuther ectpesof the
presenfelgiaht YoRore preferable than the one having
[0067Ftructure 4, while the actual preferable form changes
according to the structure of the substituent R5. All .
%ifequ@alélgﬁf Ak esSke ke vpnsi FO¥ hehe coptneioppecarboxylic acid
having p4 esenét i tvent | 20, pdO067In Preferadl ehbasi bes&el et ons
[oossfor t he qui nol one carboxylic acid having a
substituent at position 7 are as shown bel ow.

o)

[0069]
Preferable substituents at position 7 are as shown below.

[0070]



[0068] 10 O F COON F COON N N CH3 LF OCHSF O
)~(L5...COOHF COONNN FYOA.FCNLF FOO F/
COON F/ COON N N C AF O23CH3 [0069] Preferable
substituents at position 7 are as shown bel ow. [0070]
1523 CN ,,,,,, NN ///~N CN ' N H2N H2N H2N H2N
.I—|2N"I\I-Hl\|-l\|-l\l-l\|-vl—|2NI—|2NI—|2NI—|2NI—|2NCI\I-I\I-

e L N— ' H2 HZ2N H2 F_F/' I\/EO
Kpers N

H,N

A"I‘. i N / % ""., )
i N— N Ju— ———
e, N_—- "Mp — W Y

H,N H,N N HN FeN
F . F " MeO MeO
N— ey N— ty,, - N— . N—-
H,N- H,N H,N H,N H,N
Meo,,' "-'r,,
iy, N_- N_ ey, N_ ey, N— N—
J:/\ /\NA / / I:
H,N H,N H,N H,N H,N |
1y, N— N_ tyy,, N_ N_ 1y, N_
H,N H,N H,N H,N HN
0 0
N_ iy, N'_
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H2N H2N H2N H2ZH2N o CN\ o, , , ,,
Accordingly, the preferable conpound of the present
invention is the quinol one2aarboxylic acid basic
skel eton as nentioned above substituted with the
substituent at position 7 as 5 nmentioned above
(nanely, the conbination of the basic skeleton core
[0071)and t he substituent as nmentioned above) . In the

Ay A%y B5, S0 @M&l@@&h&@n&% | G f@élez?é

0oSi 1 o ‘of . t [ 1di e rin ubstit
invent {4 1 The Pt %ﬂ@g ol 3 REG sttt o
mentlomgﬁqﬁhmnb(ﬁuh$ﬁg¢ﬂ¢§ﬁ”w1¢mVQMQ|me$§1qgﬁnt at p051t10n 7 as
ment i oisd B OSRe N hd My PUiee cdddii2d t Roef of e e8Pt esk@feton

core ar%&etl%é)rg%%gplto&eﬁ@e é’rn‘?éc‘r?@{oﬁ@é'eﬁéx%) I S_[naschdee%%rfn{?ﬁ%e as
shown ahgve grabRRBIWE Fert U RO i meesifion 62 teliokle | -

pyrrolilbine ring substituted with the amino group is either 3R or

P Yl Jpr‘és‘i_lrﬁy dr Qe Ry 4- 0

38 Pﬂé&%ﬁ?ﬁg&.ﬁgﬁ!g%ca?%%éyp

stereog %ﬁﬁ ly pure.

ic acld,

N H2N H2N 24 [0071]

or a hydrate

[0072]7-[ 3-am no- 3, 4-di met hyl pyrrolidine-1-yl]-6-fluoro-I-
Hd R2Ja ?e'ﬁa{ng;ﬂég:m HHOMBrdpurft byt };&:‘é‘@ér‘[@xﬁnﬂentlon

carboxyl

lis as 4) CLL.H neoc{

ic acid,

a salt, or a hydrate

'7(3@) ar@q%%mmwﬂnﬁmwfnemlwwenﬁ-@Al}olgaﬂuor
[ (1R, 29-2 FLubiyratchrmiyyl -7 -0xdi iiriny+d dodt hi?l 34 detdduitol ine -
3-carbg Zoxazing- & Lanboxyl iL st & Slieor a hydrate

er eof ,

33%% 4 %t@ﬁﬂe@l’&ﬁwwlﬁ‘? o e =815 L9259 Ut o-

[ (1R, 28% 2 fluorocyclopropyl] -1,4~-dihy
oxoquidd1iRe?S)- c%trfﬂd%gflq_ QY GO Oﬁé/l dalls A-sh hy it Sa et twdr&o®,

é@ﬂUlQpH; caH%

g%hfiﬁ%%

dro-8-methoxy-4-

rddlla(l:llsnael' t1 yolr] % - f1uoro- 2,3-

dihydrop B[Gﬂeéﬁﬁ}ﬁlo- ?zr CéthH@yr@tc}ﬂ/ﬁ Tyt rot9edi He-4)- gR8R¥3 30106 -

carboxyl-ic acid, a salt, or a hydrate thereof,

A1 R )1‘102 4 le"ﬂ:@fgﬁ ys,C'
xqu| I ne- rbo
[(1R, 2 % (ﬁﬂuorocyc opropy

il

ﬂdiufydf 81 r@tfﬁi%yr& 1-
hy rat
-Het yl oxoqulnollne—

3- Carbqﬁﬁ)lﬂ@:qlﬁ,am 14>, etch;yla Juvbtatyd gyhrea i ne- 1 yl]-9-f
7-UBIQmi3d-4-ethy 1 3- methylpyrro

(1R, 260 SR BN,

qXO

i "acl

lidine-1-vy1l]-6-fluoro-1-

MR TR

hydr at e

OXOQUlr’tqié{ﬁ@O‘fP’ "Cﬁj{w%ﬂ@%t f%/lﬁan@-tr S OPF @py}ydrate thereof
(P r-aloi-diznendind-p-ethlenomethylpyrrolidine-1-y1l -9-fluoro-

2,3-ditydrot - frlagal IA0YAl

0XO0 UInO |ne car
carbOXﬂﬁig d, t, or a

ORI

I"ic acid
vdrate

8-
O3 AP R

7-[3- —amino- 3—methy1-4-isopropyl pyrrolidine-1-yl]-6-fluoro-
-[{1R,28) -2-fluorocyclopropyl] -1,4-dihydro-8-methyl-4-
oxoguinoline-3-carboxylic acid, a salt, or a hydrate thereof,
7-[3-amino-3-methyl-4-isopropyl pyrrolidine-1-yl]-6-fluoro-
1-[(1R,28) -2-fluorocyclopropyl] -1, 4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylic acid, a salt,

or a hydrate thereof,

{38)-10-[3-amino-3-methyl-4-isopropyl pyrrolidine-1-y1l]-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,
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35

35 7-[3-am no- 3-net hyl - 4-i sopr opyl

pyrrolidine-1-yl]-6-fluoro-

1-[ (1R, 2S)-2-fl uorocycl oprapyl ] -1, 4-di hydr o- 8- net hoxy-

4- oxoqui noline-3-carboxylic acid, a salt, or a

hydrate thereof, (3S)-10-[3-amnm no-3-nethyl-4-isopropyl

pyrrolidine-I-yl]-9-

71 UDF amnS- 4di dydl opBepel hylmdtaxDpvVitpyidingt 12y B} de} fluoro-
1-[{ 1R12éi 2491§8958g@z%§f0§y£ﬁrPoz,w&iﬁyafbds ~RefAi.40r

Oxoqumg}[ 3087 nGRERRYK] bpr 3Py 32 nBRhGI pjF r BI PURRREE- FRFTEOT
T4b3 eamino~4-cyclopropyl-3-methylpyrrolidine-1-yl]-6- fluoro—

1-[(1r) 28 (LR ﬁﬁ)cﬁoéi;@péﬁﬁaﬁpfr Y pzﬂanﬂy&rgL bydeen8xpeibyl -

oxoqulrlacﬁgzi,% Ju ngalléggxyllgragx 'S 8% o grsal }t1ng£tg Eﬁgrgtg%

%%B—ht?n ho=anbyet bprvpyPpBop®et hyt kvl Py el 1ding-5-y1] -9-
fluorol 2108 0dbhydro~3-methyl-7-oxo-7H- pyrldo[l 2.3-de] [1,4]

benz ox% L{cj: % Zﬂrﬁo%fgé oLy g(h 0 pé[-[l oby H: 14 Q ﬂ'?‘&dfgté PRL PQ&%

0X0(Q i ¢ acl d
tha} aﬁ‘%llfche?f Rt yl v1nylpyrrolld1ne -yll-6- fluoro 1-

(1R, 2889 - ﬂDdCPﬂeraamlmPﬁewbl opr@p@ihﬁdmt&yrhmyhyuadonequuyolme-
3- carb&iy%f% acuidlaﬁ 5 O a hydrate tlll_fr | 2 del [
y -de
PRI %awaﬁﬁ%r%%%m%i ol g 2o ud L
[(1R,2$Wd23f]eucp3r@¢1e@10prqul] ,4-dihydro-8- methoxy 4-
oxoquiolBhém NeaBody hyd -de vd nyeh PyE1©) | ¢ ne-Hydtdt 6- fhepeor,

{ (ﬁ' R, ]ZQS) [32 %Tlu%? ocyc‘? opyI riyl4p%r dldl%e rret%q % fluoro'
A1 AR WO TRy B L HRX ‘Ei[iazs%\T%e] SPEN r@%%%azme 6-

carboxyh:eu: enfid, a salt, or a hydrate thereof,

7= [ 3-8 0 BBt erfls v A W T+ e Desdnyl 1 =P f L #10F Daoro-1-

(1R, 2%(1%& %O??Y%?%W]olp b1 Y ¥ 7 Ry bRt n%t‘ﬂ%‘%?ﬂmlme'
3- Carbqgssfbb@q&ﬁ!m)»l imesBlicaroxy | hvdretie, thexedf, or a
hyy -afwei ddher egfthylene-3-methylpyrrolidine-~1-yl] -6-fluoro-1-
(1R, 2422, flﬂlééoa%f@péom]wi ﬁ_amyapgré%é%&%yuy'] 9-f
oxoqul@%u&ﬁ T FBRE Hy 12 B 2 7HE Py r | Yo[R . Y BE YRt [ AhageCL.
s z-adaz | nexnfina-ar -boxaiy eree 3 met Inal vy rovl Bd hyelr il ) -2-
fluoro-ti‘ej'—ecplfhydro 3-methyl-7-oxo-7H- pyrldo[l 2.3- de

benzoxaozrjdqef-agld:arboxnelléllaecnied3 nEt t, pyrrol g 3 ate 1iereOJJEu

TR agne-41 Uoragpsd Wpfopdi e th vl pi figefk vl Brerel tiyl 1 46 o
£ luoroXOqu{ 10| dgne-2 &Wf&%i@pﬂﬁ@ﬁl] a1 seldihpdra- ks ehel -4 -
Oxqui%Ai}ﬁ%)B caﬁP?ﬁ%%ﬁ?ene net% p rrollcF¥9r%Fe Th%r??f

Torlgpjamino-4-£ luoromethyl methylpyrrolldlne
fluoro{14 R 28)22- {1 utiremysd yopr axpyd gy 1), ~4ld4h§(ﬂli\piﬁe%tdn®tdye;4y 4~
oxoqui lQ%o@Jd%&fﬁf@%ﬁ’ld C Acdthr a SR  hMirRDYydh&t&or,

et L AT AR iktas syl -

fluoro-%, 3 dlhydro 3-methyl-7-oxo-7H-pyrido[1.2.3-de] [1,4]
benzoxd‘.ﬂllﬂé-cls 253 5B Y1 O-2F Bt Y | st 10X Qorf He pyfFd e d . 2hSralet |

71 [d(r3§ b%nzog%z(%l e met%ag;lboéf(%et%ﬁénde p%/]iszachldﬁ{e -yl]-6-

fluoro 711 B 60411 st hanrnet g pie Flerri het 19yde0-4-

oxoquiddiiated-3 -ddd:38) 2 -dd iy e ysd pr apy | § -Hy dealt dytchier 8o 1)
et hyl -4- 30 oxoqui nol i ne-3-carboxylic acid, a salt, or
a hydrate thereof,
7-[ 3-am no-4-fl uoronet hyl - 3-met hyl pyrrolidine-1-yl]-6



fluoro-1-[ (1R, 2S)-2-fluorocycl opropyl]-1, 4-di hydro-8-m
et hoxy-4- oxoqui nol i ne-3-carboxylic acid, a salt, or a

hydr at e t her eof 26
(35) - 10-[ 3- am no- 4-f | uor onet hyl - 3- et hyl pyrrolidi ne- 1-
yl]1-9 35

fluoro-2, 3-di hydro- 3-net hyl - 7- oxo- 7H pyri do[ 1. 2. 3-de] [
15 44 - athbmz ox-aré ties Oy € hoxyyloyaco Ui dnsal tyl prs af luoro-1-
[ (1R, zgydﬁaffucngéf@i%irg Jri]?’Ré R @101 31 PRI Y b+ 4= FBLR¥LE R0l ine-

in
3-carbfyibi®. 191 R 2% 15 1PTioR GRYRFBER opjFTERE et hoxy- 1, 4-
ThyﬁfmmoﬂﬂﬂWMYfﬁé—@’@ww¢bl@m@ 1eybht 6 fbroro-1-
[ (1R, 2§ydzaf§uéf@éy@i@ 28pyl] -8-methoxy-1,4-dihydro-4-
oxoqu:.%ofu?neni ~car oxy PXY; glérEt hyégil{rol I d' nl%/diglj:g'gﬁéjlfggf,

T | B82S -3 tawiweyEt btopymg tisy hel g thy o rgtidiae ol -y1] -
6 - fluox®gut NOIR NE3) 32 Aoyt 1 ccP€l dhrepea] 8 -metRokydr at edihydro-

4_Oxoq éfam no- carbo%%(y: a?r%a?h{ﬁggrroh ng ny’ i %%?Of
- | (35, 48) amino fluo met pYY Oll ine-1-yl]-

1-cyc 1@@:1@325) 6 2 Thomw oy Opoxpyl ] 4 83 erdoocy + oxogi byl pre-3 -
carbox P&%@P&' ng-arar hoxyd iky@cie ensabde, Or a hydrate

F {%%f A A R R <3 ‘?%EW%%H%}%% 1-y1]-

6-fluonoyi}q [ (1R, 28)-2-fluoro-1- cyclopropyl] -8-methyl-1,4-dihydro-
4- oxoqlﬁlﬁéllﬂﬂ@fi ¢4 AR20) 1 2-dd 1Dy 0 | s£LVE) o cpyhdBa et tiexyeof ,
ﬁéﬁlﬁa ﬁere"%"ﬂ%d&ﬁnegclﬁ?‘f boxyd e, AGH-Lro s $AM < 1-v1] -

1- CYC1C7I~21[C( £ B TS G brfbt YR S TR P} e

carboxYlyd]a01d a salt, or a hydrate thereof,

7= CYH 0P O - JJ s B- j‘fﬁﬁé\ﬂm;iyf‘r&l DY O- A= PR M uoro-

1-[{1R :#%)Pg%—ffluglgo oY, }Irccloapcrléjpyf] SBZj‘ll'nétho:’e:f;jl {]ygrglhydro 4-

oxoquine I {18s; ¥y rbeHy e Adidoramalyl -T rethydpyee of herert
1-Y{3dR) -3-amino-4-fluoro-3-methylpyrrolidine-1-y1] -6- fluoro—

o S RS e g

oxoqulrgch]}:ltne— - m 3£ ta4ek ofa salt, or a hydrate thereof
7~ [ (3B, %)a@mﬁlmdﬁmmmammwlx@m@hefl] -6-
fluoroJI YHIR 28 2 fluoro 1- clopro 8 methoxy 1l,4-dihydro-4-

uor o- net d| qui 0

Oxoqulqcflr%j%" a%)%:b ]rjt acid & sa t, or a hwfﬁéjé? t%(]'é eot” ’
[ (G3R)- %ﬂamw%ﬂﬂqm@e&ht@twrm&hﬂpmme% =11 -6-
fluoroduof R 26B) -2-fluoro-1-cyclopropyl] -8-methyl-1,4-dihydro-4-

OXOgUlI{O][ﬁéQ:’»Z%a]%J)%Mé) cﬁ:yc'ap%aplpcyl l58- M}E@]F%té ‘é‘héii‘@cyg

oxoqul no |ne carboxyl1c ‘aci d
7hy[c7r gtng.qqqgr-ér@t y1l-5- azasplro[z 4]heptane-5 yl] 6 fluoro-1-
[(1R, 287-{4 aﬂ)ucﬁccamcrﬂaapﬂrdpyﬂdrd ,&-—rdsmudmw&ﬂhemyk-%qxqqxﬁmol ine-

3-carb }HPJ_r a hydrate thereo

[E?(l RE 28{ 72 flt?pérrlg-g c%cl opro% 4}]&1 r'EEt h%t5 %]ﬁ dé hf’luoro 1-
(1R, 2E’dycﬂ'-ai]e.1qz1¢5:r§gdfop1353yl -1,4-dihydro-8- methoxy 4-
oxquJ_nBJ[J(r?eS)B'—%a@JBd'i@fl?ldc |atardmed hed 4 et fwlrmu:fa:&é dimerdofs,

(fs]sdorlcg) I;{mnﬁnfS) f‘eftlhl}’or 0- lazasalro £2 ﬂ;c rﬁ]ox ]l] -2
fluoro-£.d 1idy oBstiHol 7 1RESs- 7&57%&;@9 %j'd%] Ehy 4!
benzoxa¥wirgke toyrdraattetyiereaicid, a salt, or a hydrate thereof
7-[(3S)-3-am no- 3-fl uoronet hyl -4-met hyl pyrrolidine-|-y
l]-6-
fluoro-1-[(IR, 2S)-2-fluoro-1-cycl opropyl]-8-nethyl-1,4
- di hydr o- 4-
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30 oxoqui nol i ne-3-carboxylic acid, a salt, or a

hydrate t hereof,

7-[7-am no-7-met hyl - 5- azaspi o[ 2. 4] hept ane-5-yl]-6-flu
oro-| -

[ (I R 2S)-2-fluorocycl opropyl]-1, 4-di hydr o- 8- net hyl - 4-
xoqui nol i ne- 3-carboxylic acid, a salt, or a hydrate
1-hpgenfiino-8-methyl-6-azaspiro[3.4]octane-5-yl] -6-fluoro-1-

(1R, 24 h IZ - f‘ﬂ%@?@&é‘f&ﬁ‘é’&pﬁl Pzaspi § ol 23 A} henhaney B- ¥l dx8afidoline -
3- carb?’fYJR“?sﬁ}c%d'fI%o?%]c?cl%r%p?w?ralt@l R o 8- met hoxy- 4-
DX BRrAamole rie~18e tday bokyd Zas @il 3 o lsed tanarS gy hiydy aft uoro-1-
[ (1R, 2§hﬁieﬂuorocycloprop 1 1 4 dlh dro-8-methoxy-4-

OXOCIUJ.IS‘SP:E car x39117c rtaeél ftSpl rP[ 2 4}&?&%@”&5’1’&%%

H%kﬁ—zt%&mm&r—r@ewm -arzwrnﬁoqunez B8] 19
fluoroda 43 - ctiﬂeﬁimazirﬁ@u@ypam@mim-@efﬁomsau -de@r [B, 4]
benzox f‘gga% n%%- 1Jhg azaas | roi ng) %I-‘a%e iher?i
1o -amino- methyl aza pir hept ]
[ (1R, z$x+ﬂﬂs;eﬁadymmpzybpm}pwqhm4lmmmyﬂzasﬂefmqmmllne—
3- caxbasgﬂw@%m B-ERAHOOXW 1 £ Bedthcd SddtecOr a hydrate
{5 TR R G R

cycloprepyl B-methyl-1,4-dihydro-4-oxoquinoline-3- carboxyllc acid,
a salt,[(d)]R 2 Yy Zrddaiatraeyed opr opyl | - 1, 4-di hydr o- 8- met hoxy- 4-
{% N0) I N5 CATRPIRH & aa%&pﬂosf‘i Ly WA AL -1

[ (1R, 29()35% fljﬂicf@%]rﬂij@mﬂé]t]hﬁ -Te Ehreni ¥ of T UPETEATE- 5-y1 ] -
oxoguibline-3-carboxylic acid, a salt, or a hydrate thereof,

7‘J W@ 25 3l YO Qe -HIBLMA - a7zé§gaﬂ&tzoy4]lr%ﬂtla&%cgeﬂ][ 1-
cyclop ]]aé ﬁ.'tg})g]él n’e 6 c}%\ré)oxyi I&xé&dpﬂof‘lne :I carboxyllc acid,

a Salt,7 -4 ‘ﬁS)hyﬁ@ﬁ&wo‘—hﬁmﬁwl - 5-azaspi ro[ 2. 4] hept ane-5-yl } -
{0073]1
cisd | q§¥9hﬁﬁ[ it 0-4-0
xoan nol i nec{ |lgﬁé{c4 d38 am?l&?/t?’ aoﬁﬂ%% ate
hydrocqq@réoqubstltuted aliphatic hydrocarbon- subs ituted
pyrroliGide Perdiwm inoe wWinsttyis Seqlzaepitr of i ] Heptrines &ty | -
invention is descrlbed hT ypical eﬁcam ple of the 3-amino-3-aliphatic
hydrocac})yaﬁr?pr tuthaé 4y Lhagcr et 4a($a)éq% no'#s@léuggéb
pyrrolidine sjerivat e z-mmlrsna%@lleﬁ[tzlm]hﬁé@f%%r@m ] -
substl'jluted 4 )allﬁl’llla.tlc hydrocarbon-substituted pyrrolidine-1-yl
opYy. a T A -1 -
sroup HUL A0 AU e TRy e
vyl grouther eof,
[0074]7 [(75) 7-am no- 7- et hoxy 5-azaspi ro[ 2. 4] hept ane-5-yl ]
3- g}l 3-methyl- 4 alky substltuted pyrrolldlne derlvatlve

pyl -.8-net h I-I di hydr o- o |ne carb
(6) wn SR AP Stla} RS bt
invent Mxtcanrdtldwcsdfdmxce@m}he%}rrmh@elszm g g.rmcpzmmt; C
int ermdWAHQE AP ON-SIHd Tt ey draddPhatdi using 3-substituted

croron drocqarbo&)z\%gﬁ |tute ]ﬁlfheoyy[rod deﬂefi&{ é‘t?é'f’&actlon

resen i'nvention i's
block, dfexlchausst bwmde%ﬂlx@@eﬁrmfe fé?e tefex R34 pHritYersion
into aniittd ocanbbsughbshet ihedntoalsi platihe present invention

selecté&’dgeq;cc%.raﬂgplﬁi%ctﬂlﬁﬂlyl_ group for the protective group of
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20

pyrrolidine derivative is 3-am no-3-aliphatic
hydr ocar bon- substituted-4-aliphatic
hydr ocar bon- substi tuted pyewolidi ne-1-yl 30 group such
as 3-am no- 3-net hyl - 4- al kyl -substituted pyrrolidine-|I-
yl group. [0074] 3- Am no- 3-net hyl - 4- al kyl - substi t ut ed
pyrrolidine derivative (8) which is a typica
the amﬂh@&ﬁ&i@@jﬂtai@(pm@ﬂmtbﬂ rB,t hehereserdcBbvé nysnip onf cere amine

moiety bﬁt pﬁggf@f&? by By @ n@f?é t@éﬁt 149 %ﬁ%@é&rbonyl

ItTon USJ 3-substitute
group 28 GloRmIE dehers %11670 BRI TR 1T ‘%%Sf%?tt%fem the
subsequesCt Femct bkt epo| drmhels bya ity olspietettehel @ster and a

protectPEtyr&And mrf@ Q!he 'téﬁrﬁé a8 Nene %ﬁé@@@lﬁ@egroup at
en

L. 0N ors_pof the nt.i on t.ed
pOSltl?rérJtelr%ﬁ‘X/ %ﬁ?%@%a %% Sap&%‘r?sf’lgr Cifhe or ot%% Ve % aCtlve
compourd Q@1 héhecourd et embi @raQXEﬁ@E]er o FPRIApretee lﬁﬂeon
using i Gifo ﬁ in'@téifﬁ.ﬁtﬁarrﬁ@iﬁityeﬁtfcﬂﬁse}tamlé 118y N'MRPLC resolution

tert Yy C &%%k s |l ong
using A &H] se ec ed C%?o 1Jzéct |I€&% 5’1{@8{3}%’1{%0{% e%t theb
Prefer@%%hmswae]ala%ww & Wi @@%#W%pﬂfw% Y

bondind atletralarsliial Gipy dhlewtk vieo grrogpmiwEiidtse thet saned bste to

producd Ne @ ECtd Me9r e?ﬁatﬂgf' ﬂﬂ@rﬂﬂaé@é’r@rﬁé’r t@y %@ﬂag an

thesis of the o |caI
AP TP B A GO0 BRI THY SHERCar Fedorth Eo1 e g EogTaphy.
and remgviappridp i chierd htleredting &19de Ex@ppdicy MRy ically
active rOsed thnan, Uﬁt@ﬂ‘n&t@%ﬂ@ﬂ Q:@ﬂeumptdfcallfIQ appieRs icah®ound may

be synﬂ&{g&{%%go%r S;r%w e({)l—)?/ﬂ!: fﬁ@flﬁ# ]F@%]%?fblgtbﬂ@estarting

materigl ock to an appropriate |nter msdl ate to produce a
[0075]di ast ereoner, separating the di astereoner by using an
appropriate separation technique such as silica gel
chr omat ogr aphy, and renoving the chiral building
bI ock to produce an optically 15 active i’ﬁbSt a@ggnw

bively, \th cally active conp
éﬁ@.z gd by ¥ K{%Qm}l ralStesil1 di ng bl for the

s arting rraterlal 0075] R* COORt R \ 70 ~--(\
+ ~S[~ N~OVe Step 1 PRAN " (1) (2) Ph (3)
(1) (2) - Ph
. i (3)
R ooR" r'. COOH
Step 2 Step 3 2—3— Step 4
N | N |
Chz Chz
(4) - (5)
R" NHBoc NHBoc
i_y SteD5 ﬁ
N
) Cbz Chz
(8) (7) (8)
[0076]

In the formula, Boc represents tertiary butoxycarbonyl group,
Cbz represents benzyloxycarbonyl group, R'® represents an alkyl
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R 11 OCORtO R 11 COOH Step 2 Step 3 Step 4 Cbhz Cbz

(4) (5 R 1 NH2 R11 NHBoc Step 6 R11 NHBoc Step 5 N

Cbz Cbz H (6) (7) (8) 20490076] In the fornula, Boc

represents tertiary butoxycarbonyl group, Cbz

represents benzyl oxycar bonyl group, RLO represents an

al kyl 29 group containing 1 to 6 carbon atons, and R’
group teptesahhg RAtor éRSardescatbed, fandthg'ﬁ@mHMS@dﬁglR or R®

descrlﬁéﬁlEgknghgyﬂ59ﬂﬁﬂaakﬁﬂ]ekQQa&in?Sh9Qrégéﬁ acshep
erei n 3-al koxycarbonyl - 3-net hyl'-4"5 substituted

[0077 yrrolidine derivative (3) is synthesized by 1, 3-
dtepl arisyal obei vheneby fshhgoByeabkonylt adnetbybnat e

substigaten ﬁ%iro@mdlﬁéoaekbvaelvél@@ (2 EQhthbeikeachi;on, -
dlpolag 8¥e?ﬁagg%t?0§nﬁﬁa gngyg gﬁ g?gPEQ& 8%898&593 égger

azo I ne
and azgugrhing Eé#@?yﬂ?t gﬁﬁuﬁ eo¥ePFF%PBoP69€EF|C %ﬁﬁcﬂ%ﬁm%Fhlne

ylide dBe@atekyprodasbugt thé skbmethiheoyidéetway be produced, for

exampliLbﬁgz¥hdﬁhén§tB%FXfﬁED%Cﬁmoﬁﬁtanhﬂkﬁkhﬁbrggégﬂk@naeﬁd or a

Jour na str No, . 2,
catalypLgeadeynt 168751 HHEr 1 ELRPF GcbPVERPTEYhof - (MSthdkymethyl)
trimetpuisitul anéyhyianied &SetodiguasaltoprodasescaZbawiatng, vol.

52, Noylzdepa§@t59yt %ﬁ@ﬁp'}'TK%tﬂgﬁfﬁf%ﬁ“§5déﬁnt is not

e, solven ver r
part ol GR P8 bhbt T8, 1905 B cif o bethare, *ThicCPEag! Fonde
withoupminbébitbhadcted ht3ad¥Eﬁ%@¥a€H¢é°@@d¥Fbﬁ¥ 20the s heent,
howevefefiQpr@ﬂ@ﬂablyr@1@ﬁ1®h@mébhaﬂetoramdzpﬁEéhlabbgthane The

reactlggoﬁéﬁt e g%g ur@a@ %é ég&%éfﬁtﬁfgp fafyéﬁ %Oxé“%o the
refluXpF%mB%¥%E%rar% pthg %%%???Bn 3nd gpre %r@ 1Yol #i Fzom

temperatugei soctheere éblux Theémspstapuis pfetkeabbyvenbnduct ed
[0g78) N order to enable separation and purification by

Sbm Rt 0Bl 08 o PRUAA S RS ERLL YRS B SRERon
of theppbrggl;@bn@r@g@ga}s converted. This step is preferably
conducted in order to enable separation and purification by
extraction of the carboxylic acid derivative produced by the
hydrolysis of the ester at position 3. The protective group at
position 1 is preferably the one which is distinguishable in the
deprotection step from the protective group of the amino group at
position 3 generated in the subsequent conversion although use of
the same protective group is allowable. Preferable protective
group at position 1 is benzyloxycarbonyl group. The reaction for
introducing this benzyloxycarbonyl is generally conducted by
direct conversion by von Braun reaction using benzyl chloroformate
in a solvent such as dichloromethane; by catalytic hydrolysis
using a catalyst such as palladium-carbon followed by reaction
with benzyl chloroformate in an appropriate sclvent and in the
presence of a base.

[0079]
Step 3 is the step of hydrolyzing the ester at position 3 of

the pyrrolidine ring. The ester is an alkyl ester containing 1 to
6 carbon atoms, and preferably, methyl ester, ethyl ester, or
tertiary butyl ester. The hydrolysis is can be conducted by any
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25 position 1 is preferably the one which is

di stinguishable in the deprotection step fromthe

protective group of the amm group at position 3

generated in the subsequent conversi.on although use of

the sane protective group is allowable. Preferable

protective group at position 1 is benzyl oxycarbonyl
methodgecomponTheusedcinonhéoarB8Oasnionduaenghehpsotective group at

pos1 10 LGHIGE, eI b, SRR SLbIER Bl Rybto) bt 8ctsing o
base of it BEbinatly TG LE o Ror i S (SRt o T i ety
ester py ecandugted hydrengsien withgam sdkalyse sgghouws solution
such a@a&haébug¥§@1bgﬂoﬁ0b£0@@dibm hﬁ@@b#@ﬂe,W&Qﬁe@ﬁﬁzﬁblution of
o | a [ . n | .
rorasstAURECEIAS, IcclapREBii 80,08 bty ot 1o
ethanohyer ov§EeRgt PheCEseePY alCpBsT i FoRignOPY #ReapPropriate acid
which @yesohoti apfecbgthdhpreseetive gnoapkyt pssetion 1 for
separaft?P H&gggﬂich%g?Gﬁ[bQﬁlQH&E%aéﬁubﬂ” EHAYs of the

, et r, et ester, or 40 tertiLar ut'yl, ester..
teTtiaty NG oFSLEE: | SHEARYBECLURUGCE BACBY ARy S ONARE hoGLaic
condit tonsoot yinselde i prepenaetofsahoagidscebalysbt &nt dne
appropﬁi%@@ @élv@@@!1ﬁOﬁhﬂ%hstﬂ@te@ﬁéﬁclﬁdsoﬂgﬂléym?%ﬂ%éﬁ%?&e

: (0] I S Usin a. ase.or-_an aci d. . SLS e
acids THEEMY RPAHSLIoR) o PEREa D e 8 EE dos BV LBV RE 281 a]
triflupreatebhc withd amnd kaplnenegubborigoreifon 5 such as

[0080Jaqueous sol ution of sodi um hydroxi de, aqueous sol ution

POLAS S M Ly dE 04 dgon-PL S b8 Q | 44
, _ﬁ%e ox'géesﬁ'n et%n ornwaﬁgirwfgﬁ%v\e 1{93?1 ér&% ,
PoSItioR| di Pt cHET Y By e Hipriopry at® AL WHPUR- dddthaitep 1s
generahly¥ ecarthed poot ebyi veagrevgeabnpositt icewbbxfydric acid to amine.
For ex&RPAE Aldiodn atElQe Prdd F£2ddfidint | Do t HESRSLL gtflec_ﬂ‘y}é’i otyt€ius
rearraOfethe 10tﬁ§rtlfggkgftg gﬁ%ers éggvg¥9é8|%§|§ci§ azide by
_ EHYEE Y ed™ iRt 2 R %o%.l%lons_or ih_the presence
using Hfregaert cledt Ay stoHRMA 2 Hppr opF 1Eeehgb Vet f#plde, or
diphenypledspihergsterides oPRb) ein Ruefesabberiace dsolwehtideuch as
toluen@y%ﬁm&{\y&@ﬁﬁ%'tﬁ@r%fd a§+9de acet goc?iéﬁiate bw_,_fl heating
trifluorpacetic acrd, and toluenesulfonitc acid. "15 ,
the reqqforp} WUEFU i SRPCRIREIVEOIVAT (TG 1HREXEI LR Fo amine
by hydmplypi aituspusihydnoGbiriheapid ror i thaelikag to ami no
gog1lgroup. This step is generally carried out by
: : earrangemsnt of carboxylic acid 0 amne
AN .
getxeéjnp%aej% ;%aen %051%0 r%arz?%%tgeecrrteln g i%heaca{ﬁ)ln%? i%{c’g&op b?’)L/t position
3 of thmymyyrebuling rfbifenSeviche E&ch GHASCEULEIT StePs may also
be condameal tweik Hautagitbeedtdimdythelsdiiha geagent Wiechpratective
group c?‘@qw&ﬁrg@’gfcﬂm@yﬂééi&’ioﬁzi drﬁay e 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 trifluorocacetyl
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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di phenyl phosphoryl azide (DPPA) in an appropriate

sol vent such as toluene, and converting the acid

azide to isocyanate by heatjing the reaction m xture,

and then converting the isocyanate to am ne 25 by

hydrol ysi s using hydrochloric acid or the |ike.

[0081] Step 5 is the step of protecting the am no
butyl gLochoat tpoprbdabne 3-dgtetrbeapyrrolidine ring. However,

£H8H ; aljsPivhe;iganduct ed wi t hout
butoxy%?otec??ﬁ%“?ﬂépg%?gglg?%ﬁp&éTﬁg p%otective 30 group of
[0083} he amino group at position 3 may be an am no

prepeét iagthgr stppcofmdepyotsetion chepasititowbvef, the

pyrrol?ﬁ@ngfrﬁnﬁfo%ﬁéttM@ Qé?ﬁ@te&@&@ﬁ r8adt sbhngHi/shabkenificted
e deprofection ste romthe r Y roup_a

under g, E8BRPHEB05 a7 1Pl 83 bk BUBMREDHAT Sr&Prlhpo
configpuabkgeasbenpptgrbiipctadet Wingdupgie angetective group at
positibhi il uerpaselybx3baghenpl andupheiphetegaed t6 the compound

t ] carbo 2} .| b
of the Breqehl PHEPEKTah ik, B5PEBreec PO Lo bolikREq Fhaer
conditiars SEaPTRREN tAEdr &Br FARgRRENt TP E¥ABHLEed Y nCahalyTic
hydrogapplppisaie sbévenesefoe ekaaptetalusti ggch as palladium-
carboné@@Lﬁ?n?§ﬂﬁ§t%ﬁﬁ¥??§m4go§ﬂéﬁée§npét bYt4ei pglar solvent.
When c%%ﬁgﬁg¥ E%gég%gﬁﬁaa%ﬁ%?g?%ﬁgg€ id pgégég£ya§1pog%£xgn 4 of
the pybuebkgtae boryd)dnenbpyEhel Posaender pfatheesubgpiBpent such
as vinpl efréupSotheeshePent GepuP! eEhéofeptopestibnnshonid be
accompib§h€6p¥ﬁ£gé'ﬁégﬁtgiﬁgngagﬁetggr SHerSQEB?H ﬁﬁQQEh9Qted

nay bé conducte under “any conditjons as Jong as

bond. gtiie il tRTHAC e AR e At g ibtSre not
benzylatyestednyBi greup heiphotegaidetgr bp avmpposilt pbntliei present

inventg?ﬁfKﬁﬂéygggﬁfﬂ?gsgﬁﬂFgﬁﬂﬁ%ﬂiéﬁgéég?ége}gf fQMReHNHing the
n_1s

caxbon o b g GRARF IO ROrrERote EOTBHRY - udba Py TRERYIene
group. a@¥ , therlekanpt epopytianat yof cthaydyvhehsdigesrindt he
provid$d €5¢NEke OfcBho@t @EY8G Stdhumsl pglhiadaumdnear bpHroh by
reduct {3 g&%lg@%@{w@cf%ggﬁg ngyegeﬁégtegog%e&oﬁggsa?a- (for

pon - carf aturated nd.rs 8 sent at .
exampleoshyFHPPUOBEC kA pyFebl ¢ drekdr i bt BlidorgafRklc acid, and
triflugresenicenedul hensaubstiduent £ Suchod&etscvanyfl) gr thp wethod

using HREDYh SR EELURe L8 depe 0l ggéion shoul d be
[0084]acconpllshed whi | e mai ntaining the carbon - carbon

unsaturated bond. Since the protective group at _

Nessh + | imthesis peh gy oyt bonydegioapl vie tvhiegard fppically
7 -amind Me- eorpPLNsl- Dfa s herPl Bs€heptane-5-yl group is described.

7-amino-7-methyl-5-azaspiro[2.4]heptane derivative (17}
which is another typical compound of the present invention can be
synthesized by converting ketone moiety of acetoacetate derivative
into aminonitrile derivative by Strecker reaction, converting
cyano group to aminomethyl group by reduction, and condensing the
aminomethyl group with ester moiety (carboxylic acid unit) to
produce a pyrrolidone derivative which is an important

intermediate.
[0085]
Although the inventors of the present invention selected
tertiary butoxycarbonyl group for the protective group of the



i nvention, the deprotection condition capable of

mai ntai ning the 20 carbon - carbon unsaturated bond of

the vinyl group, nethyleneszgroup, or the |like at

position 4 of the pyrrolidine ring is provided by the

nmet hod using sodiumliquid ammonia (Birch reduction

conditions) in the presence of a strong acid (for
amine mXxbep) ezt hysk Dhiam T, achel- }_&tﬁ@ﬂié@tﬂ@é dgyrdup fdHiotrloacatiees
moiety ae“cc:'l% gy ﬁ%&? i rié lM offlﬁ Ctertlary butoxycarbonyl

ugQroacetic [ he
GTOUD 35 IO E R THEET IO, Plf%ib%%}lvwougyfi FRHEL ofmhipit
the sulpsequindimnsmaderdvatiops windhis seagplralegrotected later, and
5 protgcmmgﬂoap%tm{cé B asSipd r@in?e %@e@s@r}_ﬁr&&tm@@rwp at

escri bed

7- et A4
posml%r]i VHY \)aels(clﬁe %‘?Cgh S&%&ﬁy&ﬁ%& % ypi caIO[pc%éLr(f']f;’!ol(l;i‘L d acf%lve
compound gt dxerrondanrd orf @arekRmp by nthie sppleical resolution
using DOMiEFEIHG e Otedmhedyatod, afet aacaisle, dey iNPLT iteesolution
using 4 e AN Nl | 8 dald Ve?éﬁf’cgenzpi’at% ﬁ&}i@fmé don,

converti ng ano group nomnet
10 preferqnichih |G S i GRS |0 1o SRSHAHRATHT2 Jg'?voﬁr by
bondingvdh st éruinod ety k(m]bdxylam amprbpmide timtgroiiceta to

producepya[ r&a&&&a?e&ﬁ{fv add &cmr@ ﬂl§e Q{hdéﬂl@fé&ﬁﬁr by using an
rmedi at e entors of

2PTOP I RN gl Aitough e Fa L5 SBuEshy CRPRgRyeITaRhY
and remgroig fete tdie wlotectidiagiolgrihftae W@C%rﬁm@m@yly
15  active afulpsiddon 31teReapieeast,i \t‘.;hegb@ltﬁc@ﬁltyhac&ﬁ.hﬁé? compound may
i t t | S - t i .
be syntitSAed P Ak |l lidhd hic% 'Y starting
materigrot ective group does not inhibit the subsequent
[o086]reaction steps and is easily deprotected |later, and 5
a protective group which is the sane as the protective
group at position 1 may al so be used. Synthesis of
quot e _eptisead |y acblv conpguynd can, b&/copducted, for

| e Dy O™ sototTorr Rﬁ’sﬂﬁ%ﬁ dppropri ate
nternedlate fori@xahple, by HPLC es@®Nution wusing a

(8h|ral col um of theoappropriate intermedi ate, 10
preferential crystallization of the diastereomer salt,

or by bongtng chiral buildj H)l ock to an appropriate
ster § nt e preed H. preduce i;ﬁ?%%teré@wEr separati ng

t he di ast r by using pproprlafe separati on

techniqug%iucﬂﬁas silica gellthronatography, and

renovi ng le chiral bui | di ng18Pock to produce an
tically 15 activeugubstance. Aternatively, the
:i_?ﬁ??bally actlviic§hpound may <i_ﬁ_
Step 1
0N - - N
Ph L'Ph
(14) (18) {186)
HBoc
Step 14
N
H

(17)

20
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be synthesized by using the chiral building block for

the starting material. [00861 Rte%) Step 7 1& 0 Step

8 RRRyONHx O 0 OO OCN 3(s) (10) (11) Step 9 Rtx"0

NHZ Step 10 Step 11 OONNH (1 2z) z H (13)

~~HBoc Step 12 Step 13 o NN HI'"Ph "Ph (14) (.1 5)

(16) - /1PHBCC Step 14 ~CJ~f\ - N H (1 7) 20 33
[0087]0087] In the fornmula, Boc represents tertiary

TP ULRX Y ESERQTY | ﬂ&@ugepgéggngbgt%?EE%&%n%%E@} éﬁﬂoagl group,

12grouE contalnlng ﬁ carb g
and R™ECPRESSIER BF £of¥ rﬂEPFHgCQnE%PFEgstlrEEt fr g3gpon atoms.
[0088]nethylene noi ety of the acetoacetate derivative. This

';Ca_Lrb bﬁ'le b yccﬁ’?@@@ﬂﬁr%da tli’yé{l?id“%La.m.lcture at

d|h 0 ethane suc onpet hane,. as a
methYleafiwoaﬂt W et 2% LAIPIPHIOAN DS Hep can be
generalis exC G b tlas SIS ot bt & hakeyene h%hac‘rﬂél% Swﬂa as

dibromdéxHiial as oth W ket ik Imytm@q@fe@éms@ldﬁm Sbase.
Exemplalr([}; }:Fagsteeé;’lcﬁ{%lf‘c% ej%?al %@M&{%%ﬁ@%ﬁ% cﬁrf‘)lde and
metal SQEi GHIhINUPITTREDY TaTH PRI ude acetone

and N, N-etimsthprfessaneldg 008Fter completing the reactlon, the
cyclo compound may be separated and purified by distillation under
a reduced pressure.

[0089]

Step 8 1is the step of converting methylketone moiety to
aminonitrile derivative by Strecker reaction. This Strecker
reaction is conducted by reacting ammonia with a cyanating agent
such as potassium cyanide optionally in the presence of ammonium
chloride. The reaction conditions may be adequately selected by
referring to the Strecker reaction commonly used in the amino acid
gynthesis.

[0090]

Step 9 is the step of reducing cyano group for conversion
into methylamine. The reduction of nitrile can be generally
accomplished by catalytic reduction in the presence of a catalyst
in an appropriate sclvent such as ethanol. Examples ©f the
catalysgst 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 is 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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15 Step 8 is the step of converting nethyl ket one
nmoiety to amnonitrile derivative by Strecker
reaction. This Strecker regaction is conducted by
reacting ammonia with a cyanati ng agent such as
pot assi um cyani de optionally in the presence of
ammoni um chl oride. The reaction conditions may be
pyrrol bdlesgadet yvsel eet editey 20ier efodray mopited yt hes Stetdgklerester or

é&ﬁf@n | s NG 8RN0 2L aéé’ékﬁﬁff'éﬁed by

ethyl
e the st of reduci n T

heatlnim]r%%%tio%t%omm A PR T Io At (17
appropriat it smlresrnt | y%mctd'mn@latﬁxedldaﬁt@atla yeitdyl ester or
ethyl é@@@ﬁt'EH%'ﬁ&ff&if%&ﬁé”ﬂé&iﬁa%%féﬂ@&ﬂSEe di&é&tly roduced

riate solyent such_ as.e
from tl&‘%?%?@%tfl?rhc? oglterﬁl adltblﬁlmscéléer k%%r%legatha ySt “%%a tidi®ster i
a bulkyjexetr Repfeyas cobatiarami Bl htesRex oxilee. C%Flsatlon is
accompSeaMdlasy RdnEl ¥ 5i s octhie esh esr doy by pietusd ¢ommdely used in

at t r d ;
e o2 L A R D e
derivatye oy W9 & RRIFS P HA T hyd Fae s 1P Sher
[0092} unctional groups in the reaction system for
@@Tgole,lsﬁi%ﬁ% @fé%g%%ﬁlié@tiﬂ‘getﬂry@@ﬂno e et N
résent inyention i 0 .
position ?tﬁ#‘ptg? Cl’f; dof 1% He et a?ﬁ%lsﬁfarrl destlhge]3 éscl)l(?% ?%%%q‘t steps
may almrhmmnwwbmxtlwtemmﬁ%m)the|¢m3erh<é TP - The
protectbitdirdifo refluges, arite reanip ot niys beiowonduey dee an amino
protecl‘,a:LfI{cgﬁrg.yrcc&[ﬁlecr rﬁrﬁ@nﬂg &n '@ﬂ@teyr Qi Y Y €8088Te under

lrary ester whi IS not_reduce

the regqjgen caidif yog S% H %ﬂo’?ﬁq‘bed?ﬁe%%%’lgl?est ioviRycdty use of
a protdaaintxgtdup wiiatiis ubigtimnd shsiie aim nehev déprotértion

step frOM GAHH & A5 SHORHC S 3k ﬁUéi@iéx@OﬁelQ%ié@éta/@le

t.he. est er er_.of et h ester

xamp1 4 RS S S O O CCopt | She hyersup, and
triflugremdaiyt MEWactdwh Yot RYSTPTFs theteBoATY

butoxydeffardat Lgﬁgu@ an appropriated solvent. Wen the
(0093 ]ester noiety is methyl ester or 5 ethyl ester, the

£yrrol i done derivative can be directl; produce from

feadts oS taie Pl Prstadeinst ﬁfé?s
pyrrolighitrey 1ning a Holeyeest éhes ol sasiueertt |saqu90maw aésstoerbe

conductld¥® ﬁ%ﬂﬁ&%ﬂ&d@d&@%@ﬂﬁ@c@m ydmieyyrwetdmve group

a thod co t
of pos TRl MY tife Ty ol P A B th S o MY g ed in
the artderiich il &gameﬁ n@@%dﬂt@ﬁ%ﬁ%@lﬁ’erﬂo%@%%l%s mtthe
subseqUd¥®Htep 13. However, use of a protective group which is

distinguishable in the deprotection step from the amino group
protective group at position 3 is preferable. The inventors of the
present invention selected benzyl group for the protective group.
The reaction of introducing the benzyl group is conducted by using
benzyl halide in the presence of a base such as sodium hydride or
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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Step 11 is the step of protecting the am no group at
position 3 of the pyrrolidine ring. However, the
subsequent steps nmay al soalge conducted w t hout
protecting the am no group. The 15 protective group of
the am no group at position 3 may be an am no
protecting group commonly used in the art which is
aluminwt abjéridder anfiheoridant bde (Comeithiosnys thioxtye aluminum hydride,

boron A e mSECRA D By EOVWSY € 1 hySEnOf an@ WELPLRELI Ve
%RF\/vhl ch I s dist

i ngui s able In the deprotection
tetrah P ST : o S S AT MEShaie [ BiEe gy Ether
solvenipredch abb et eRiErdnpfesan ncdndetherr¢agyion may be carried

out at PAtOXMCarDonyL gF oupgedqes yilo@Eoup, and
[0095] trifluoroacetyl group, and the preferred is tertiary
but oxycar bonyl group. [0093] Step 12 is the step of
Hrer ek i Yy Posithem ar glerrrte OBy et i ¢ie ¥ i ¢ the

pyrrol ey ering hearsdl bisies ugsb r St @pisi dmyr €4 Soi e m@jﬂdbletecdnducted
under éNl% h@éﬂ PLEetA 0 glcgrllﬁ_aéén SO GF Ofiph o dNen L1 O%J_e&ﬁ ¥€ing

osition 1 .an am no rot ec ro
configiintait 2 lzé)éaow PLERRESH IR (% EHSE Ao SHE ot
posmicureabti&)rb@mm[l tdiomep ofitiheresamd et etite stepprddid of the

presentONRYEILi M$e ole Qiéfj%@é:éﬁi/&l H & URodihEhed Sud@er conditions
Istin elnt rotecti,on Ste fro

commor %ecgw SI’@?' raojf%ct % aorﬂ%fea %sﬁ:aﬁ ny%ngn llljpr?rogenolys,ls
in the prgssngs eOf ﬁwecat?ﬁﬂe}rﬁ*br%u@# Q%@a:blﬂ%%felﬁt‘ GHARPR | @R by using
ammonige| Bstrettdenzyd W ot fsldhesPredec! | Whegl @arbonle carbon

| f t | .
ol SOEL T ORI O DSl B0y SFELSE, i
due to afshesdb‘?%ﬁﬁ‘l‘ﬁﬁ‘drc?%eﬂb? HE Yot R UL FFhaf By Frgroup or
methylermojrcmpsdihﬁerdemsﬂobamyoxbeslmelcbﬁee accomplished while

malntaﬂlﬂi@it?’?é mﬁﬂ%m d@arﬂtﬁ{ r@m&&ﬁé;&’é}:ﬁ bc%c(ija Mikdd & he
reo re ci n

prOtethJa Doyt R graghﬁ cge)n ]% r“cf okf ri‘jzo‘ﬁsf rﬁ’%@ FEqU oI G o the
compouryh iyl dilerd Eﬁiﬁ%ﬁ}mgl%vﬁmngt%éiﬂprowwfﬁ?@ltlm
capabld eshicidich tagientsy i 11ed uterim ado hyrbate sussihugst ¢d tihbmudn of

e, AUk 8 S ] o

PYrrol il ddarF RIS ot fah OIS Doredc e using
sodium-slolopeint amserhiis tBipfcdal tedwtiiem cwididntostich as
[00963tetrahydrofuran and the reaction may be carried 5 out

erat. ure -78C t.a 100 095] St
t%set ?@D erg dl_él Irnegac?l‘;:gs'r{si o%navéq? eirL dS &&11}:) Sin terms
of examplaswl i dhA&er i 11§|€ﬂd iph&hgepicst @itiloher 8kdE &9 fdyidhe new
synthettiandiedlesl by taking such reactions into consideration. The

scope of the present invention is not limited by the reactions as

described above.
[0097]

When the compound of the present invention (I) is produced
by using the thus produced Compound (8) or Compound (17), a
quinolone skeleton compound represented by the following formula
{(18):
[0098]
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under any conditions as long as other functiona
groups and 10 configuration are not affected. Since
the protective group at paggition 1 is benzyl group
with regard to the conpound of the present invention,
the deprotection is conducted under conditions
comonly used in the art, for exanple, by catalytic
hydr ogenolysis in the presence of a catalyst such as
X allaqtgﬁmcarbon or by using 15 ammonium formate in a
g oq c pol ar gp Went When carbon to carbon
XA urated b is present at position 4 of the
pygsolidine ring due to the presence of the
substituent such as vinyl group or nethylene group,
[oo99fhe deprotecti on should be acconplished while
tai,ning the carbon to carbon unsaturated bond.
Wherel@ﬂ%erQheaEQ Pr 8recBpvEcEivap aPOE83|PP@nR1|¥?Hﬁ9%ﬁﬂtS
hydrog@h catpom tdli ieDegendivotde, conddakl aty therqn esand X

represéﬂﬂgnélfgh I@ie caf% ﬁgi'ﬂ@ F LLh O 16 OE éﬁ%ghﬁﬁ 8) or

|nt nlng o carbon unsat ur at bond of
Compou?%e ¥Thyl group, nethylene group, or the |ike at
[01001p05|t|on 4 of the pyrrolidine ring is provided, for
e*appl enebyutR818BENORUELBH 8émg@dhaﬁekéj§§@famaka

rch reddct,ion conditjons cPduc%%ﬁ 4 boron

|
hydrog%%r T ng’ ?r&9¥%%c?$ st A tbe'a g%%sd$$
chelatef & Oé@n FYesE idpianted may fife aadihglagspebancs & 2
dlacylézqﬁdo@:mw Ryfidielble mEtHadddendokiony isucdi fleaatdhanon (-
ra 0 fs I
or.) ol Gt e S TS e ox‘%@éﬁ%m f
(OAc) 2des€ﬂ &S50 FOTPHEE O\?We ethéfoé%’r?ﬁ& G kg method.
[0101]present i nvention (I) is produced by u3|ng the thus

HOQUERH Koo A 1of fodmouih (Y )us PP il Ahiend of

sk Ieton c d represented by the follow ng fornul a
Example ?igg’j‘Lﬁan% 0X , COCR8L (1 8) "*Ji XAN R

O102][0099] mhereln R8, X1, and A are as defined above; and
RO1 represents

1 0 NH o
F COOBF, % F COOBF,
F = N

OMe \ £ Et,N, DMSO " OMei .
BocNH e i
0
F COOH
1) Et,NJEOH-H,0 N |
2) HCl - b*i:’ OMGE F
HZN 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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hydrogen atom di hal ogenoboron, or diacyl oxy boron;

and X2 5 represents a | eaving group may be reacted

wi th Conmpound (8) or Conpgund (17). [0100] RO1 of

t he qui nol one skel et on conmpound exenplified are

hydrogen atom or a boron substituent capabl e of

produci ng a boron 10 chelate. The boron substituents
positiomy7bean Héhpf@ge@b@@rﬂntnraaprdtacyimaygb@mpn and exemplary

protecE&@ée$§$u§ db@ﬂé99€ﬁ£Q0EQPt'ﬁu9§ilH§§8§95 ﬁggp’lnclude
dlac boron s diacet bor

benzy] SvRRYSPSY b g PR CON LRl D EREY %X%?%%*&%%% Q! “acetyl

group, krn@tz\hommwl gm@g] uslﬂ‘hleop@@ci@t:ﬂ odrewie hoplivaloyl group,

b [ e € R f &ndy
formyld<§i5<§u egexga{% 13 %ﬁo@ @f@obluﬂyp gr&X@Mbén Yy BSgEGup ,

tr:.metl@s WE (EII%N %Wgﬁg %F%ﬁen{plary bases

mclud%tw@@#qzohwmqemlc%‘b@mt@ Ve Rygroxpae vef 1gp alkaline
metal $P13]aPaThee tedigeh worPLUNE cabha Dey pamiiue esudly as
[ t

S D R R B AR e O;gi?@?e 17)
COHtal@%ﬁglyﬁ??ﬁﬁﬁy t h&E D sTFTRENE %ts%%gl?? ??Fth% 8-
dlazab;mfsb@@mdewewebasmdefmﬁtmElmup@Di@m@eshﬁm@tthe preferred
are trf&iﬁ§&ﬁﬁﬁne§heaﬁﬁnfﬁ’ﬁ&ﬁ%@b@iafh@r l&%&ﬁéﬁ The solvent

g 1id nt rooduci t%& i% Y bg | fuent at OSItI 1§h1b1t
use r%?‘éo?aela PR Hrot BV e dl%xe?'r%? ary
the re%ﬂtﬁ@%t|@Qﬂgﬁ¥ﬁiﬁ¥%hh%re$ @%r%ﬂ@kﬁ@¢ Mxytar bonyl
dimethy{Bosmamidededidettzyl oxyThsbDiy) &iDIP]ame mmu@mtrlle,

oo IS Sl SRR

sulfoldme nmet hyl silyl group, and isopropyl dlnethyIS|IyI
[0104]Exenpl ary bases include car bonat e, hydrogen

RO ST 3 20 APy [ oM
compound, the target compound can be produced by cleav1ng the
boron substituent moiety by hydrolysis, and deprotecting the
protective group of the amino group. The hydrolysis of the boron
substituent can be conducted under conditions commonly used in the
art, for example, by reacting with a base in an alcohol sclvent
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 agueous 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.

[0106]
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triethylam ne and N, N-dii sopropyl et hyl am ne; and
nitrogen 10 contai ni ng heterocyclic group conpounds
such as pyridine, 1,8- diazabicycloundecene, and

N- et hyl pi peridine, and the preferred are

trial kylamnes, and in particular triethylamne. The
solvent used is not particularly limted as |ong as
Lt does not inhibit the reaction, and preferable

Rgxanmpl es include N, N 15 di net hyl f or mam de, di net hyl
R? ul f oxi de, sulfolane, acetonitrile, ethanol, dimethy
4 i de, tetrahydrofuran, and N-nethyl pyrrolidone,
R e nore preferred are dinethyl sulfoxide or

ol ane. [01@4]9)20 When t he qui nol one skel et on

is a boron chelate conpound, the target

can be produced by cleaving the boron

/ bstituent noiety by hydrolysis, and deprotecting the

Rj1 prOhaétti ve group of the am no group. The hydrol ysis of
t he oron substituent can be conducted under
condi tions commonly used in the 25 art, for exanple,

[0107%y reacting with a base in an al cohol solvent such_ as
Tret tiamof ol &t haRidl rePhesbate Asgppeberabbyising R' as

define&ralg&@%fl glﬁ@@%geﬁnﬂt%rﬁ,tehéﬁﬁik?g @ﬁo?@e%&&@@lﬂing 1 to 6
conauct e 1 N n ce a. . e eprote 1 ON_. |
carbon GrolEs iy RAEre TRE: (O | SRata iR £ $0, 6 farbon atoms,

or a seibbiied grovpvbeftorpriexiiplel Ty dnecaming 20k, 2
dipept 1ysly oby zat er Bewt 1 dle £ otlitend ey Bdghydls dsdl g | spatenally
substifﬁééﬁ.& r§a§%%é¥3tﬁéﬁi éé%@%ﬁ@@ ff%ﬂtfﬂ§ é?o consisting
of h da all ze by a |n§ an agueous I§0| uélon 0] SO tﬁ]{% rou
YRR oXF AR - (TR TERr drPIET t HePRonR uiHEY group
contaimbpy ebermt edl dyrivdre dodhon and 350 fatlhokpea¥d®) eomtd 2@ing 1
to 6 cRFEonSEfdhs PSardd 1 65 FBEk 3 Brd Or PEPIWET 18 dREno acid;
| ﬁngouggﬂgl‘l_ of tge resent .Lhyven i»oans. %e(l) 064 3% R

e PRPRerRt sk P OHPofORRE R IHE Rt (BT e
(hydrogen mitee, F¢ FBErbsEMEP LY bedipt i ¢ ng Farlen atoms, or
a cycloalkyl group containing 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 grdup 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.

[0108]

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 butlixycarbonyl group, and 2,2,2-
trichloroethoxycarbonyl group; aralkyloxycarbonyl groups such as
benzyloxycarbonyl group, paramethoxybenzyloxycarbonyl group, and
paranitrobenzyloxycarbonyl group; acyl groups such as acetyl group,
methoxyacetyl group, trifluorocacetyl group, chlorocacetyl group,
pivaloyl group, formyl group, and benzoyl group; alkyl groups or
aralkyl groups such as tertiary butyl group, benzyl group,
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defi ned above (hydrogen atom an al kyl group

containing 1 to 6 5 carbon atons, a cycl oal kyl group

containing 3 to 6 carbon ati@rs, or a substituted

carbonyl group derived froman anm no acid, a

di peptide, or a tripeptide; the al kyl group being

optionally substituted wth a substituent sel ected
paranltr@hemhylggnu@ppopsfsméngoprengﬁlogyog@ouwndanino
trlphe%fﬂ'ﬂ@th% | 0855 Al ofhe 28 B! 81 R BROKAnd OnponkALabNg

a Cont al nin
ertiaty RuLor DRRCAY brasouRa LRE- PRt Y RSP SROGE (B 22, 2-
trichlanpebhexymethRR 1grepp eséatkyh rdlpr canpikyl hgswoshstuted
silyl §ﬁ$uﬁ§ds@@@V§s(@ﬂﬂﬁ@ﬂ@ﬁl@ipﬁl gho@b KYl s@pBoPyldimethylsilyl

sroup, COBLEL AN D Ens Bl DORL R Mok, £ UEL S0 L 080

and te%@@a’@Yo‘%‘#ﬂﬂﬁﬁw@e@abﬁh'ht%@\}@th a substltuent
[0109]sel ected fromthe group consisting of hydroxy group,
am no group, halogen atom an alkylthio group
containing 1 to 6 carbon atons, and an al koxy group
gontaining 1 to 6 carbon atons) and the protective

R roup of . the amno acid; and 20 R3, R, R5, R6, and

5
R arqaag defined above. [01081 Next, the protective
4 of the am no group represented by Rl11 and R21
R descri bed. T(ng otective group is not particularly

ed as | ong the protective group is the one wdely
sed 1RO he 25 art, and exenpl ary protective groups
Nncl ude al koxycar bonyl groups such as tartiary
/bbLU ycar bonyl group, and 2,2, 2-
R triRNl or oet hoxycar bonyl group; aral kyl oxycar bonyl
groups such as benzyl oxycar bonyl group,
[Ollo]pararnethoxybenzyl oxycarbonyl group, and

ni tr obe xycarhbon rou r ou c
Lot o )n/‘%?ﬂjésx 9%be?, PHBrs b el bPpRE, BECEp8 amino
group, @iuR ehRoro&cet {1+ gt oul aEﬁvg o@JFegﬁ‘%Lfﬂaef%%‘?‘?rﬁbove
[0111]group and benzoyl group; al kyl groups or aral kyl

Y r 1

.. ar ni t"féo%nzyl E&'I %Brgaér{r&e% 0X enze1pg fod %léﬁar 4
Limiteq 3nkta wr@%eﬁglvégt%@@ RIS % NRYREr ged in the
art. Egeopdaryt @rrntaqtlbnﬁ ancgﬂxﬁm,ahkwmmw anplups
such asgn—.%tlﬂyd c%f]?&ﬁgl't %aeéﬁpxyﬁﬂfwlzgiow (al kyl

ubs e S

exicn JRe ol & ﬁl’% SRR SRR R PRy 145 sucn ae
benzquwqa@qn}b?utgﬂr@mretwagmmo kepzyt %}b%aﬂz Y yﬁiroup, and
paraniifdidhzy Bhe, derboyly dubyb i pbebygsolpk guchpas[ﬁb@gyl group,
methoxyacetyl group, trifluorcacetyl group, chlorocacetyl group,

" pivaloyl group, formyl group, and benzoyl group; alkyl groups or

aralkyl groups such as tertiary butyl group, benzyl group,
paranitrobenzyl group, paramethoxybenzyl group, and
triphenylmethyl group; ethers such as methoxymethyl group,
tertiary butoxymethyl group, tetrahydropyranyl group, and 2,2,2-
trichloroethoxymethyl group; (alkyl and/or aralkyl)-substituted
silyl groups such as trimethylsilyl group, isopropyldimethylsilyl
group, tertiary butyldimethylsilyl group, tribenzylsilyl group,
and tertiary butyldiphenylsilyl group.
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R RS RI3 RA N (200 RBRRO6 N R/ \R2 10 [0110]

In the forrmula R13 represents protective group of the
amno group, and R', R21, 483, R4, R5, R6 and R7 are

as defined above. [0111] 15 The protective group
represented by R13 is not particularly Ilimted as

|l ong the protective group is the one widely used in

Wheen reote tHhaemptes yoprotecRiVveargr Ripsaiagpuoeective groups,

the acBhXDXYEH oW %9?@?% hi§1g§@1@sbéaaﬁé>@éﬂ byt jxysar§opy|

roup, and. 2,2, 2- et hoxycarbonyl group;
seternih et lardNatng g1 Thr oo LRIe Ast 20 DRI TERY Chi BhAyPE the
art togpoupelectinelhoxgmevey| aikyehe beynthes bapof apempound 19 or
20. par ani t robenzyl oxycar bonyl group; acyl groups such as
£0112]a.cetyl group, nethoxyacetyl group, trifluoroacety
roup, chloroacetyl group i val oyl group, fornyl
R UPIUS RE BRI | CoRRRIAd a?lgﬁxeﬁml&)s-" otHOWF oF KYPNY
ant iba@tettrs] saettabt§ e s i we Yl bad ydxoe Dlgmt benalyl 1 Hrpugpnd 25
pharmaé@ﬁfﬁ%ﬁf?@ Vi BT OMD. o PEEATET ALXY DERNZ Ve GF OBRamATWs a5
tr% eﬂX met hyl graoup; ethers, such as _nmet hoxynethyl
presenigd b 10 or iy o GRS GRS Sy a0 gy ry |
crystarogmpland #h9o Pute rienf bywes hiosy net hilhe gpaup; of at kg |
asymme@ft Wl Q{Eah%éﬁ ké/tll, JpSsisidh U edehsisyte tgdSﬂlutpﬁe séeind@sgroup
trinethylsily r.ou s 0 , .
supsti ¢l {RUNOR 5 A et R 41 T OIS Br oD, o 7] bahour oiny P PeF: Tnis
confirggdhat dHte terefeFsd bt Puppehyl Sithe eRoupr wpich the

spirobMherl Idreuddtaituswt ait Ros R Yoant 1S af ealpsolectdi ve

£3 ég%ﬁh e actual protective groups should be chosen
con lg@% abl e F@ be determ ned according to the know edge

[0113l5f the present field of the art to be selectively

Fienmy etheatcanfpwgyhtdie dilse gireapmpouimiverd ioon ;B9 strong
antibadi®li2l1 ahe s, produsedeonpayngs of et Sr dnshons
animalsg,t ;agr?c?i %i;g ! L]g:)ar(:ta?sr Ia{’llpxaecs't,elflxlratlyi\?lg c‘n’\Fl Ag@fcml?xl'éfnéhemicals
and foods. The typical dose of the compound of the present
invention when it is used as a human drug is 50 mg to 1 g, and
more preferably 100 mg to 500 mg per day per adult. When the
compound of the invention is administered to an animal, the dose
is typically 1 mg to 200 mg, and more preferably 5 mg to 100 mg
per day per kg weight of the animal although the dose may vary
according to the size of the animal to be treated, type of the
pathogenic microorganism, and seriousness of the condition. Such
daily dose may be administered in a Single dose or in 2 to 4
divided doses. If necessary, a dose exceeding such daily dose may
be administered.

f0114]

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, prneumococcus,
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phar macoki netics as wll be evident fromthe Test
Exanpl es as 10 presented bel ow. Wen this conpound was
eval uated by X ray crystaldiography, absolute
configuration at the part of the asymetric carbon at
position 7 (the site of the ami no group substitution)
of 5-azaspiro[ 2. 4] heptane-5-yl group was (7S). This
Peptosceaptooedcthat Nebhesprékegahberbospeundscietrtiehdnecoidi,
Citrob tgP,tBEi%§1§QLrﬁ9é§¥9g3§asgﬁéhmbﬂgag aknRashbbheRef,
1as ah absol ute &on |gurat|on.%8%. [gilS% Shnce.tgi
SerratigdmbtRbcEf- t RESPrEeRtsi ATEHILBR Ras @CFBRG: 1us 1niluenzae,
Acinetah&cbart eCampyacbaviey, andcghlbwydiadtagcionptgst or
[p11shuman, 20 aninmals, and fish, or as a preservative of
ricultural chem cal ' f
| C AiHE SRRATT A OR0HGaerle (ELEBoRRREE
includgssupdtuihaial ugerendaryglingegt onanguchopre préféfabiyis.
furuncl180 sErbond08, ngrpetpdaysperceddullti t iWen yipharepimpcyndvhitlow,
subepi%@rﬁgg éﬂgggéé9”h#§r§§§ﬁft§é?rggnéocéﬂgﬁabgﬁég tHBectious
ose 25,1s typlca % 1 t o, 200 ng,,a,d nor e
atheropi of RPEHIYA 5 HYSEBS oom%%tlﬁé?rdﬁv pePI REY nePyhE 3Rd
operatihe woinds; ab¢bondghry henfleseiony 9fr yarypogopdengnybtis,
acute EP?ﬂéhi@iQf E@ﬁsﬁﬂlﬂ@is?OcﬁﬁgﬁléabﬁgmchY@ﬁs?fbEBﬁchiectasis,
. a eni ¢, m £roor gani and. seri ousness_o .
ai £ rus Rt oncn LGS e GoalBhas FeHiRF RSl enttonens
pneumoRiag| By elbeRepRrihi e, t@yat Boigi vPHedtabikss, | gpididymitis,
gonorrieLEssdé Yhr Bt U9S enengerdt dgcalchrdahtyt losecnayechstitis,
cholan?ﬁ@lg'$§ﬁiigllégﬁé4]en€@fi€9 o&&ﬂeﬁi?ig? Pﬁ@?&ﬁ#arine
_ nvention has excel | enf . anti bacter] ctivit or a ,. .
infectpRadianyel bl &r dotgRrF EhE B aulPHgE3 S SpfvocyStitis,
meibomiafiiicts onsoraeal thkcef prejddhe present sbonpoihdsi s
period&RPAD! nr Mindd €889, pOF E¥ERHNE: ¢ OF § AWELH 01 Ahh&8i bR
.tod|s§ases gaugegig% such Eath%%%nlcinhgro%r NLSTS-; L Fections
Peritonhly %bn%% AR50 %’p?%@% £ véﬁglgﬁ i's e eé?lve )
[0116) or bacteria and the bacteria-like nicroorganisms
TS | ershipgirsl agph yit 10€ oficessen St 1 epdic Dot ubs pybDgenesfedbive for

acid fgggﬂﬁggééffgrgmgﬁqggcﬁﬁ,Rgaéfaefsgfgsco PEUIOEAGEYBact erium

: pt 0ostreptococcus, I SSeria, gonqrrhoeae, ,
tuberciElhbsi i PRBTF, 2-F tHobRETEF21Shi gBF | AEYRI €BS| Y Fgbacteria
(M. kampsesironilde, ménfa@nabacVerscr&éniatean. PMot @usum, M.

intracEPPYIORDNGS. agLMghNosR, FBLARPhIhUSahlf iUeREARonae). The
mycoba{?%%ﬁ%ﬁﬁ%ﬁ é%%}%%gg |&§§§t§§’sggg ﬁ?%ﬁ@&gﬁfc microorganisms
are divided into three categories of tuberculosis, atypical
mycobacteriosis, and leprosy. Mycobacterial infections affect not
only the lung but also thoracic cavity, trachea and bronchus,
lymph nodes, 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 mycobacteriosis) is lung. The
atypical mycobacteriosis, however, also affects by topical
lymphadenitis, skin soft tissues, bones and joints, and by
systemic dissemination.

[0117]
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The di seases caused by such pat hogeni c m croorgani sns

i ncl ude superficial secondary infections such as
folliculitis, furuncle, capbuncle, erysipelas,

cellulitis, lynphangitis, whitlow, subepidernma

abscess, hidradenitis, acne congl obata, infectious 10

at heroma, perianal abscess, nmastitis, and injury, burn

Tared copppenatd e vudien ghase sseconideven tindrecitd erissofeffective for

varioud ML ﬂH§M§'ééusfﬁ&”éhfﬂéﬁ“ﬁﬂﬁéé%16ﬁ§“§déﬂtd§

mscherdg o SaBHL e B GO T dRT Ry Sglagel1a

StaphyIsresmamis a, 208y alysiepiasts s, Expuplery, dpresess tLinglude,
colibacgpildsd)sTi tpﬁlok@ng@l@eﬁ‘s%aﬂ aifl%trhfpéﬂa&ypmgpnmcaiholera

1nfectf64§la%tffﬁea (géaﬁﬁ?f&ﬂ ceo %g&! @g1fg¥éé¥i5ﬁ, and

r au ar’i
the likgarkdiol FAWLF 5, C‘B]rb]%%%]r%?%lshor aé%lﬂaﬁﬁlé@é#?ocy’éﬁﬂ:ﬁ%el10515'
hemophimeiien am:lrtdmlccmh’iﬁ!ﬁ]tllﬂ cexuddtddiee egtiiddmnitis, mycoplasma

infect iU 'tshe 1RG %qmpa d. ”Ucﬁ'ﬂf?&dﬂﬁ%s:&e“ﬁrn{?ﬁﬂéll%ms
aw I n armatlon |ton|t enaocar. ItIS
hemorrhagiq Senidfistdidi §1Y asﬁman %‘}Ffse&&%%sp lqygPrgievppnia, and

mastitisofipoundwsf; EHscherdsdina ianlantdapsis aaslocafifeddd igifection,

hemorrHa@fic %@ﬂlfc%ﬁlaba@y%ﬁﬂe%x‘éuc%}fﬁ:ﬂﬂlé URRIC WIRSIIS ke for dogs;

and exu r{Ple%X I%ro%act ecryls 1t1tSUb Jh%% aake Sﬁfhj%ﬂ %%Vl %en%ga%1M051s,
rlcan &'3}yplca nydobacterla

kitten' |y ddgeiriedm WMCopdesmgl &@ggﬁtqqnqmﬁqgnth@ like for cats.

[oi18lintracellulare, M xenopi, M fortuitum and M

Thize 'aﬁfﬂal%lacyé?claﬁy ‘819*&%0 E%h't%'mﬁ “E g%rrfb%'-&%%ﬂ d¥Y cgech

atO nNnic mecr into three
present] JpYEHHISD BEY% BfePLEPALRS é(tﬂ‘ﬁlé:ﬂ ing, CoBsAER da
appropraadel orosye Mivdbdeteritdlon moadts opidaffrsgiamiag 30e drug
by a me@Roy E%m'o‘!h‘lgr Qtlé"edag_ﬁo thiroat EaayrgfudirReter ddected

ronc u odes SVYS |
dosage . 8rﬁks Q%%m%%%gg H%%%g% Pgrmg %Sg}%hg ggggb ?Ee%gal drug
Contalnéﬂgaﬁéle( CRMeSUNge OénGhlel @ére)ge@kllﬁw%ﬁ% P8 ditdngain
ingredieyes inaluide melatangowiderat gramulasy, toepeulermlseolution,

syrup, g??kﬁ?"@ d %ﬁq hemal g H%EWAE@f BasHNe BN QHPAN Tn the case
e atypl ca cobact.eri Osi S

of an lpﬁ&ﬁteeﬁer¥aﬁo@§eﬁ>ﬁefs—6&%m L EOPTAGR ng Cord-izer,
antlSEPau¢p|eaBOﬁyboﬂazeenlegﬁsthhoﬁe$@ran@l§@ﬁa®mgna;dg}0n

optionall QR edbpikkepladeniths suskl Ba9aftt vidsS %465 beb @@ edndn a
contaln%rlntsd %ﬂ%nbﬁre%%%t%gl dd%%§ d&ﬁéé”% Jéﬂégkmééafgyion to

Sen I nven
be hydrﬁ5ﬁdvamméééaﬁ?éV0§€§QﬁﬁsH@eeaughﬁgcaﬂFﬁﬁFanW@EtP@ngllled
either wstich assihsthedbeki ar Salmipékl @oskast ebnetha, case of a

solid p§@EE9Q@EBH§’tﬁ%rBQEEEEation 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 suspending 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,
disintegrants, solubilizers, wetting agents, and lubricants. The
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St aphyl ococcus, and nmycopl asma. Exenpl ary di seases
include, 5 colibacillosis, pullorumdisease, avian
par at yphoi d, fow chol era, 43i nfectious di arrhea,
st aphyl ococcosi s, mycoplasma infection, and the |ike
for fows; colibacillosis., salnonellosis,
pasteurellosis, henophilosis, atrophic rhinitis,
liquid exsied tatel @pictey rvd i &, sqsmcm)d)m,srm swhs;ﬁem:ﬂmm aamg ¢tnelsion,
or thelifﬁéfﬁﬁl@ﬁgﬁa C&%ﬁt&%ﬂléo§ﬁ§? nekd98i Sr dflulsifier as
enDrrhaglc septicema, nycoplasma |nfect|on
an addyf Bf ppneunoni a, and nastltls for cows: Escherichia
[0120]coli sepsis, salnonnella infection, hennrrhagic

MRt | C@mr@azwrﬁéﬁamoaffdﬂglasﬁe angkdhepdd ke for dogs;
% adl%ﬂve Rjﬁelf f@’) cystitis, chronic rhinitis,
o s

0SI S, di arrhea, nycopl asnma
i nf ectGaEROUEH Qﬂ}@ﬁqﬂl&lq & cats. 1?81@8‘}19The

ant i bazirer isdaxttig cont ai ni ng t he cozpoondgof the
prese'ttaffﬂb‘é&‘?&ét@ﬁd&ﬁxﬁ%ég &Py 5k eﬁ%‘ ng a

dosage orm aqﬁgpprlate or e admnistration route,
and pr&f | nethod tofmBAl y used in
t he anghasmwmdu@aﬁmudmaselected 20. dosage form
Exenplfngidosage forms for theiggtpbagterial drug
[Olzl]contalnlng t he conpound of the present invention as
its main ingredient include tablet, powder, granules,
RrgPanat iosol Ut (S utigmup, elixir, and oil -base and
wat er daaseusids pah Jixeimplen o he case iotoamoi gj ecti on,
t he pr i iﬁgo%q zer, na
antlségﬁft g&gb |%¥§%&hpa t e#% ke a%dgtﬁé 29
prepa Y&npaﬁﬁﬂﬁy H?Fa§ﬁbplenente wi ¥h such
addi t iPwed fiey betfdd led in a cont aBhel, tandst heg
freezeqdiziied to produce a solh@oppegaration to be
[Olzz]hydrated i medi ately before use. The contai ner may be
filled either with a single dose or_ nultiple doses.
Breraya tdade 3of (BpWIRLs Jlard apyvi@sdr £iS95H, the preparati on
may Caﬁh@bﬂna pifar@elts @al |y acceptablie garrier
with the.c pd (1), and exenplarygcargiegg. gn&lude
flllers, expan ers, blnders, d|S|ntegrants
ol ubiHI, SaEee: . Brfcants. The
I|qU|dopaéparat|on nay be a $ODuﬁ|gn, a suspensi on,
an emul sion, or the Iike which may contain 35 a
spendi ng agent or enulsifier as an additive. [0119]
EXAMPLE%h the case of a solid preparation, the preparation
[0123]nmy contain a pharmaceutical |y acceptable carrier
Neixith the geliseat cermeoitidn drd seemilaiy iearfireiiter detail

by refe n%det f'léelf%rr%néa rﬁ@g%r leAéo aq'ldséﬂ{ ‘:r‘rgf 1Y Syhich be'y‘ 1';30 means
I|zers t1ng agents ricants. 4
limit the gcope of the present invention.

[0124]

[Reference Example 1]

Ethyl (3R*,4R*)-1-benzyl-3,4-dimethylpyrrolidine-3-carboxylate
[0125]
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l'iquid preparation may be a solution, a suspension, an
emul sion, or the like which may contain a suspendi ng
agent or emulsifier as an4additive. [0120] 5 Next,
exenpl ary preparations are described. Preparation 1
(Capsul e) Conmpound of Exanple 9 100.0 ng Corn starch
23.0 ng Carboxynethlcellulose calcium?22.5 ng 10

Hydr oxymet hyl cel l ul ose 3.0 ng Magnesium stearate 1.5

. ng Total 150 [Me121] Preparation 2 (Solution) 15
nd of Exavgt 1to 10 g Acetic acid or sodium
h ide 0.5 to Et hyl paraoxybenzoate 0.1 g
Me |f|ed wat er 87. 9 to 98.4 g Total 100.0 g 20 [0122]
Prieparation 3 (Powde ani mal feed) Conpound of

Exanple 9 1 to 10 ¢ starch 89.5 to 98.5 g Light

anhydrous silicic acid.5 g 25 Total 100.0 g

EXAMPLES [0123] Next, the present invention is
[0126wescribed in further detail 30 by referring to

e? éﬂ%%:ﬁﬁéﬂ@lgéh | Sh- by @ IPaRS 50.0 mmol)
and N- Téé%é}é%egaéﬁgﬁﬁfém% xzrsﬁegélmegﬁgiéffyl $et lamlne
C

(15.35 (@R*¢ @R )mmebenizy | d B¢HL off oree tiydpg r £ D5 0 divhke, 32 carbakyt &c
amount ' &f 881 fDiZ8daddr i Et LG Mpa dBaa&€&F it 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 mL), and
the golution was washed with saturated aqueous solution of sodium
hydrogencarbonate (200 mL} and saturated aqueous 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 silica 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 product was
used in the subsequent reaction with no further purification.

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

.1 Hz), 1.17 (3H, s), 1.22 (3H, t, J = 7.1 Hz}, 2.16 (1H, t, JT =
8.8 Hz), 2.25 (1H, 4, J = 9.6 Hz), 2.61-2.67 (1H, m), 2.91 (1H, t,
J = 8.2 Hz), 3.28 {(1H, 4, J = 10.0 Hz), 3.53 {(1H, 4, J = 13.5 Hz),
3.64 (1H, 4, J = 12.2 Hz), 4.11 (2H, g, J = 7.1 Hz}), 7.19-7.38 (5H,
m) .
MS (ESI) m/z: 262 (M+H)"

[0128]

[Reference Example 2]
Ethyl (3R*,4R*)-1-benzyloxycarbonyl-3,4-dimethylpyrrolidine-3-

carboxylate
[0129]




10

15

20

25

N Me Me [0126] To a solution of tiglic acid ethyl

ester (6.41 g, 50.0 mol) and

N- benzyl - N- ( met hoxy- net hyl ysN-tri net hyl si |yl

met hylamine 5 (15.35 g, 60.0 nmol) in dichloronethane

(150 m.), a catalytic amount of trifluoroacetic acid

was added at roomtenperature, and the mxture was
eroos! | rmgd in an oi kgt h gfe 40C for 10 hours. The

Mek ion mxture yas\difuted by adding ethyl acetate
(bOGy m.), and the.s ion was washed wth saturated

aqmweous sotutten of saglium 10 hydrogencarbonate (200
nLﬂ\if:Jsaturated aquqnﬂs sol uti on of sodium chloride

(200 , and dried with anhydrous sodi um sul f ate.

Afte novi ng the dessicating agent by filtration,

the solvent was renoved by distillation under reduced
[0130Jpressure. The resulting residue was purified by

bl 4 %gﬂlmlmmpmwxmﬁy— 15wty DF Df OF M

bt f
dlmethﬁ%{] |t?e CO oundoé%lgtg F% '; OW?%In (%g g:lfl?

dichlofimpRangal0 et | heERE %a%mm%%cfm ibn -0 mmol)
was add&dt&@rr@mmiﬁémp&iaﬂure[0&@3]tﬂ¢+mmﬁtmﬂ®owi$t$tIIfﬂ@)5t room

temperé’tplﬂ‘e é%uf’s J B2n40 chh.di@ﬁoﬂnajaé (@H 1451, 1322 0 mmol)

was alé(‘irf‘d‘ﬁnéthQ CA fﬂz’}tu’”zeﬁl r%}g‘l%h? 1‘?%’(’%?)‘“ S %’iﬂ"r‘?é at room
tempergtursg. Porgnotherg Y4 Hiowrs J The) splagent 3as3 yemgved by
distilFadBe® llder Pedfcddpreksdrs, lan tﬁé rds Idud 2khs qpudified
by Slll(c"\ﬁl_l_geflzg Jd.i%g'gclfg'r_ﬁ?gngaéo ra&)@ahp?xa%? S%]t)_]]um Zacg@%:e, 9:1 —
4:1 > (23R, 4R Ayl6dx pc &b &AA £3, eduwwqi/r (Sol3dimmel . 2
steps, Fitardoxy | aBe§HI2HngEarattOC Me Et OOC M Mel Me
ro131]N N Cbz [0130] To a solution of ethyl
lH—NMR_Q%%%‘ﬁHz 'kigﬁhfglppm4” 0.99 (1.5H, d, J
[ 3 ’ I3

= 7.1 Hz), 1.02 (1.5H, 4, J = 7.1 Hz), 1.18 (3H, s), 1.26 (3H, t,
J = 7.1 Hz}, 2.57-2.66 (1H, m}, 3.01-3.10 (1H, m), 3.39 (0.5H, d,
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, 44, 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*,48*) -1-Benzyloxycarbonyl-3- {tert-butoxycarbonylamino) -3,4-

dimethylpyrrolidine
[0133]
H
EtOOC,  Me Boc—N  Me
Me n3— Me rnd—
N - )
Cbz Cbz

[0134]
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di met hyl pyrrolidi ne-3-carboxylate (2.75 g, 10.0 mmol)

in 5 dichloronethane (30 nlL), benzyl chloroformte

(2.14 nmL, 15.0 mmol) was added at room tenperature,

and the m xture was stirred at room tenperature for 6
hours. Benzyl chloroformate (2.14 nL, 15.0 mmol) was

al so added to the m xture, and the m xture was stirred
& covdut bepesftairiey T of 3Rnotiver - Ldodrozy soxyldeerlsmiwken , 4 -

dlmethyﬁéyffgp¥gg?@ﬁ%lﬁ%gbé%L%é@é'Pf @fdﬁrl%:ﬁ&cﬁﬁbpye§§LE€hanol
(16 nL Ry ST IO Of (i Rt SRl es ) (8 6y, 16.0

mmol} wad)addedbrii xDQmGMSr@e)fatmﬂeEIlam@ @@eprp@mw:(@.ws stirred
at roolMBbmperaSiePSEoD4)s asodr €0 WHRSS ddsRa@inPithe solvent

under %ec}g ]?eig)i:!*\lem %@QMW h c‘?’ )ggﬂg%g a?cidél% Lfgll_]:he
mlxtur%)foq_q@pq§ﬂ+cqt10g,—aqdjpmg)mlgtgpeZW@@ %q}¥agﬁe with
ethyl acédatle 101ZdHLM , The3SelhliHngd orghrrclQafadz was3. S ed with
anhydrééiE%%F%%m 'i}éQ%Q h%%i]%?égk(ﬂéﬁo$§hg3the]ée§51c£%£hg agent
by filtjatippg.t 5% ﬂoollwelz‘wa%rewz%g ﬂosegi%%#ﬁﬁtl% RSl
reducednzre306cd Mid)ohtai82ld¢ Refederic eifxzng| 2083} of carboxylic
acid. F%B*c%%f)elg%aap% ﬁwc@lﬁe?g% %‘.E(taerldaz@éi CAERARY WA used
in the B%‘@‘gsf\?%enﬁvereat\?etw B &t lgtlﬁ&ﬁ Og%cls%{?euti on

[0135]of ethyl (3R*, 4R*)-1-benzyl oxycarbonyl -
TH rmtsrmhmarcrroldﬂjim Tloay bod afel (dmﬁa?e q;rcﬁil_ﬁzft nmldhe form

of ) sgf f .
of a ¢ ]H) %&Gaﬁ tr:%é%&ﬁglléﬁ&[:il déég'n :I.S(?géo%lnrﬂlmol in
toluenet e u'r élﬂf?&l}f#@l@ﬁ%%ﬁ Yetfs ‘%Trr roott mmol)
was adcteei‘rpnerr awried drath 5 dolrtshe A:t:t:»s:rumnmtsmrlﬁgi tdte room

temperastﬁlf"eenﬁor WHedi ieIC e a8t r 1N ek Pci o oBCivhth at
dded to the mxture for acidifi

30°C £ops 3 BB Tas BRF Y BRLEH UMt RLCERRS | VAL eint o shY pigding ethyl
acetateThel T gt i mnbrigmi o Yuhian s ma%w%w#larﬁwwd
aqueousS b 1M i fat sodiinth afiidrodaimighdte (BE it ivigrer (80
al) , argﬂstl Ay Jq]ddé&@'muém%pévmlmscﬂmv@ B wr) in

atlon
this order. The resultlng organic layer was dried with anhydrous

godium sulfate, and after removing the dessicating agent by
filtration, the solvent was removed by distillation under reduced
pressure to obtain crude product in the form of isocyanate. The
thus obtained crude product in the form of isocyanate was
dissclved in 1,4-dioxane (15 mL), and after adding 6N hydrochloric
acid (15 mL), the mixture was stirred for 1 hour in an o0il bath at
50°C. The reaction mixture was concentrated under reduced pressure,
and after azeotropically distilling with ethanol (5 times), the
residue was dissolved in dichloromethane (30 mL), and to 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 solvent was removed by distillation under reduced
pressure. The residue was purified by silica gel column
chromatography (hexane : ethyl acetate, 2:1 — 4:1) to obtain 1.10
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reduced pressure to obtain crude product in the form
of carboxylic acid. The crude product in the form of
a carboxylic acid was useds7 n the subsequent reaction
with no further purification. [01351 15 To a solution
of the thus obtained crude product in the form of a
carboxylic acid and triethylamne (1.488 niL, 10.68
g (3.16mobhdplind toépenes50380 of) thdi phehyl phopphondyasaai delorless
qummy &£41485 nL, 6.94 mml) was added in an ice bath, and
[0136 the mxture was stirred at room tenperature for 30
%1nutes and further stirred in an oil bath at 20 80C
"H-NMR f 640 @ MHmrsCDdhﬁEi@@mtion.ﬁnxouﬂe vasl,dim)ut ad 2y-1.26 (3H, m),
1.42-1244i pguethy! 26@@t@t€2(liﬁ ) , @n§?t®6050kyﬂgoﬁ Was.63-3.70
shed ra epus, s [ 0 u
(3H, m gd?ogencar%oﬁ %go 3 Y€ Q 7 ?%% SEL 5. 59 5 2 (5H, m).
MS (ESE t%fétedrﬁbu@%ﬁﬁisolutlon of sodlun1chlor|de (80 )
[0137)3n this order. The resulting organic |ayer was dried

Ref Lo {oug; 25 sodi um sul fate, and after renoving
N "

atlno aoent X |Itrat|o ) the solvent was
212 > amlno)—

y-(3 "-un -n -

3,4- dlmtﬂawhpyrmlbl@rl@du@mdm IhéBRbrthbf 1sbenamh©ieyca'h1@0nyl 3-
(tert -hiSxPos AbHOE1 S 1ES) PI oﬂugimé@hﬂl@yf%m@inésocyanate
S dssolved 1n. 1,4- e
R TR SRy RIS 1 2 S 49 hst rsn Ay py Sfbony1 -3-
(tert- %%ozsywrl@@mbamqnqabu:v 4T\dhfﬁe’éh13’1%¥ﬁ0h%dl%©c 17he 9, 3.16
mmol) peediced NhXkefersace CRarple ab edasindet i ¢etllgedesolved by

: I
using %ﬁﬁ(ﬁy{ }?:’]%ce@‘)[xtfgr 6%9[?%; ﬁ%&iﬁmg:%'o ﬁbgrgmv\ﬂﬁé]m x 250
mm; hexpRe) org‘éﬁ’ 9L, PR 2o L1058 r%?ut%%rfn%{mjr%m
resoluttamper3? un® mEiS E@Mbdt¢rpnm¢w¢@n{ﬁb~(3R724ﬂt) B5 26.69

benzyl arbéﬁyh1iuﬂkéHtIE&EO%&@&%bé&?E&ﬁEE@ﬁ33(2—33

. T reactj o m Xt tlrred at r
aimetnf{pitol Ty (56 TREE L O MihE SdPendi ol Ehe 5 Ea™
minutesy btkb@ﬁlht?oﬁ?»uhde{rc redudéd | presspformfhe argsi due
(3R*, 48W)S- Piidi 2 eThbyc Sibdieal g8t (oot tHivu odupemt logi apdyino) -3, 4 -

dlmethﬁﬁgﬁmmﬁ{@y 533% Ie% %;3 J%I?OH ﬂété&p@ﬁawmé 101%

he title conpound as a

mmute%m 125 1 gainm§- %ol(lc‘d [C0136)- Ohlqwmf(rzmd Mz,
[0138]CDC13) 5 ppm O. 94 0.98 (3H, m, 1.24-1.26 (3H, m, 5
[Exampﬂe@grl 44 (9H, , 2.44-2.62 (1H m 2.99-3.05 (1H,

7- [« 3Rm4_$’£5 6:3131170 —,331?% %&eél,x%pm&& -ﬂ?%l]s Q?fﬁlcyo 1-
[{1R, ZSMm3¢ﬂfuornggmoprOpyl]—8 methoxy 1, 4 -dihydro-4-
oxoguincline-3-carboxylic acid

f0139]
O
F COOQBF,
| : 0
H F COOH
Boc—N :Me BOC—H Me F I
Me}— Me ry— OMe A F
‘ Me N
Tl\l — H - OMe F
Cbz : Me NH,

0140]
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[ Ref erence Exanple 4] 10

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

yl am no) - 3, 4-di met hyl pyrralg di ne and

(-)-(3R*, 4S*) - 1- benzyl oxycar bonyl - 3-
(tert-butoxycarbonyl am no) - 3, 4-di net hyl pyrrolidine The
racem c conpound of (3R*, 4S*)-1-benzyl oxycarbonyl -

Toeat sbuhokycaobony) akBRe) 43+ f- U+ beh hyl pyycatrbdnpe-3- (tert -

butoxy&&rﬂgnglaﬁlﬂg §54n89hét9§§] 9§glialﬁ€f?ﬁgﬁcﬁ Exampb€ mmol)

i mecBobh, b bk R30S Ho g R LR LR ELLE o

water tenpenpylabbebhbl%; 9547%; mff) pnandt ehe 25ugpenbhgnevas stirred
in hydf§§§hUétﬁ@spﬁ@réﬂa@efobﬁnie&@e?&@ﬂﬁéeféf)2(ﬁﬁﬁr§53)kﬂter

X 0 0 r n
eSO e LA VLA B Sl
dlstlll;aq_QOJg Hdan eedyegdrrasting hp qitain apgide preduct (314
mg, quaht 0t 8t 0vE) ) oANd3R* ) 45*) - —(Fert butoxycarbonyl%mln?) -3,4-
e o) e L e t oxycar bonyl am
aumechl {0t Lalnbepesl oLasat DBy puglestr Byt e bon
[0141} etention tine = 15.8 mnutes; [a]D25.1 = -6. 30 (c =

Thd 76hug hdlorafmed) J3R254$ 0138} (t¢Examt exg¢arbonylamino) -
3,4-didet hPTPy 51 1 3t AE BBade 4pBbaBERY I DYATRY) di §; -1 F18ofb-1-
(1r, 2§ SosorychoBEgRY bhr ByR FEg et b iy 9ear hyar o- 4-
OXOqulmbq@ﬁ-n%W@ﬂéb%XEh?F‘bo&%@c a@1 &1 gor plpanon @Omnﬂ@oosﬁ@l g,

1.277 maE: N MendBA:c Mee thyTathithe COONs 3 4emE, Chzg Memb) [ 9448]

d189016§ %§ﬁ§1j§§§§}°%%ffo %gﬁca%b%% %n?tthe mixture was

stirre u%%x%%a@bbh@?%%1%%) C A i BAWIFE T olfPdithd S( #98Cigon
mixturd.vdbe nmddgd annnaeﬁam@lutﬂﬁnnuj lsaadtegnd 09atexr

(ethancPPl l a%@@&carb%dc{a%]@lml§t b4 t:‘:“@é@t’iy]??rﬂh@@g (25afhﬂyt and the
e uspensi on S Stirre

misccurg e S ey S Rt el ot eh 6 pORiS fer 2 hours.

After genent¥ahbVd night heeaak WPy stiklure | ¥reT ofgdeped pressure,

the reshiveniasedisspDved Dy eehpliddataon (nsermreduased washed

with 1(5& @&%&50 tfaiéhcéf‘d&é’fﬂiu&él&%é‘o M), water (80 mL x

atiyv

. anq et unsed AqEuD AOKYELPB oG S - Sderide (80 mI). The
organ1@|h£y®wlw@5rdﬁlemrmnws anltpfiorhessodimmyssbfade, and the

solvent was removed by distillation under reduced pressure. The
residue was dissolved in concentrated hydrochloric acid (20 mL) in
an ice bath, and solution 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/l1 agueous solution of
godium 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 mL x 2).
The organic layer was dried with anhydrous sodium sulfate, and the
golvent wag 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]
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10 [0141] The thus obtained

(3R*,4S*) - 3-(tert-butoxycarbonyl am no) -

3, 4-di net hyl pyrrolidine cruge product (314 np),

6, 7-di fluoro-1 -

[ (1R, 2S)-2-fl uorocycl opropyl ] -8-nmethoxy-I, 4-di hydro- 4-

oxoqui nol i ne- 3-carboxylic acid - difluoroboron conpl ex
mp: 24¢eedoy. 15 1.277 mol ), and triethylanm ne (0.534 ni,
[alp 25.13. Sijgﬂﬁaw@re db§§olﬁequﬁaghgethyl sul foxi de (4

stirred |n an oil bath at

"H- NMRS‘S%E)Qd\FHzi'S o{PFsNa%)QmFg“ T edcfPr 3 &rufe=wéré& Hdded-12
(3H, sh.nixBB-%el0ti(8H.on) et Rafdl (aHd WateB - &t HAHol 47 Wared0.0

Hz), 3744-3)66206n) mandat phethyl amy nea(B3ni)n,and, the= 20.1, 1.5
na), 77EKYig VA bealed unged Teflyx 4p 2g, ol bath at 100C

ef “con e'reaction mxture
Elemenppger apaduced presSwe:FMeRe Ir-&8i8te was di ssol ved in
Calceldnud acet atss .0 HILE,. 0a3nd Fwashad ; W,t v .BJ% aqueous
Found! &1 a8 ok, C'H”'GC 03Gi & (B0 4aL) y Waf &fs (80 nml x  2),
7at ur at éd e+ous sol ution of sodium chloride (80
M3 (FA‘ﬁE)m Zyhet U ni‘c layer was dried with anhydrous
IR (ATBbdi W&l f%&ﬁ Q‘Etzl?&,hel"]%%.l vent4 waks t2noled’ byl502, 1456,
1390, ®8s&iliapsonipnderipeduggd pressure. The residue was
[0143]d| ssolved 1 n concentrated hydrochloric acid (20 nL) in
an ice bath, and solution was stirred at room
[Exampl%n%brature for 10 ninutes. The reaction mxture was
- [ (3Rnashed- s+ Ahigbl By of @i e (Bl plrrxoB0d3h-1T911 he-Afjluepusl -

[(1R 2$?¥§rf¥‘&§r899890 DopP1 |Saﬂé‘€HH§y39| YLy 9RyQbo-g0di um
roxrde 1 an rTe batr t0 aufust e pH to 1270, and
oxoquinglingzi; *l‘\e"?‘“r adjusted to pH 7.4 with

[0144hydrochloric acid. The solution was then extracted
with a m xed solution of chloroformand nethanol
(chloroform: nethanol = 9:1) (150 nL x 2). 35 The
organi c layer was dried w®h anhydrous sodi um sul fate,
and the solvent wa§ H@ ogoek,stil | ati on undSr

()

reduced pressure. The ue was purified by

Boc—N rqggystaéLLHatlmn f IFG ol, and the cf: SsnePaH
Me - }-d¥i ed unggg.. uced pr eas eFto obtain t |
npound 32 (0. 805 rmbh 63% asM alNe VEI |
momuér——ﬁo [ ON42] - [a] 1 QMey, 3 7
fez = 0.204, .0. 1N Na0—|) 1H—NI\/R(4OO VHig NﬂglNNa ) 8

ppm 1.00 (3H, d, J =6.6 Hz), 1.12 (3H, s),

1.55-1.70 (2H, m, 2.07 (1H, m, 3.39 (1H d, J = 10.0
[0145]5 Hz), 3.48-3.69 (6H, m, 4.04 (1H n), 4.93 (1H, dd,

By u$thd ,a Iphodedurd . &dn{ldk tth Hxampdde 61 Hz);) 8(AF*,48*) -1-

benzyl$§§$afﬂonyl—3—(tert—butoxycarbonylamino)—3,4-
dimethylpyrrolidine (480 mg, 1.378 mmol) was converted to
(3R*,453*) -3 - (tert-butoxycarbonylamino) -3,4-dimethylpyrrolidine
crude product (311 mg, quantitative), and the product was reacted
with 6,7-difluoro-1-{(1R,2S)-2-fluorccyclopropyl] -8-methoxy-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid - difluoroboron complex
(452 mg, 1.252 mmol) to obtain 348 mg (0.854 mmol, 68%) of the
title compound as a pale yellow powder.

[0146]
mp: 195-196°C.

[a] 5*°% = -118.3° (¢ = 0.224, 0.1N NaOH).
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El ementary anal ysis for C20H23F2N3O4' 1. 5H2C
Calculated: C, 55.29; H 6.03; F, 8.75; N, 9.67.
Found: C, 55.55; H, 6.03; K08.45 N, 9.56. 10 M5
(FAB) miz: 408 (MtrH)'. IR (ATR) 2974, 2935, 2879,
1722, 1614, 1572, 1537, 1502, 1456, 1390, 1356, 1323,
1271, 1207 cm1 . [0143] [Exanple 2] 15
H NMR 7e4c(cBmHz4,S*c) ﬁqu'cm)}as phudti met byl gy ok, dion=16ylk] HGf,| 1.14
(1H, m), 2.09 (1H, m), 3.39-

1.498-1.59
2-11 ( | A- di 4!
275 Rl ekt b L8 ol il il otk
63.7 HEH F7/6Baclil, M@, Bdo=NL&k6 FHE) \ EIERIKC%:N@:N@ ene~4N\NBz) .
Elemenﬁhrﬁléh@lfélgbiof|@%HNH%N@@4b0b$@LO By using a
Calc %Cef“r% sizmi l,ar. %10 ?é%‘?p' 1g G3). (3RG 4%8°) - 1-

enzy oxydar bonyl’ - rt-'but ox car’borﬁyl am no) - 3, 4-
Foundyj- n€trh§I7p9|0Polled|5n§0( 480 #gl3i. m¥el-) was converted
MS (FABD ®pz: 408 (M+H)"
AT}Q?R* 2D, Fdd dae”ﬁ%t OXVECRy PO @AM Y5 3, Ayl Mef 4] PY271 cm
1 rolidi'ne’ crude product (311 ng, quantitative), and
t he product was reacted vvlth
[0147]6, 7-di fluoro-1-[ (1R 2S)-2-fluorocycl opropyl ] - 8- net hoxy

[Refereﬁeé Eﬁmﬁyﬁé os f¥4- oxoqui nol i ne- 3-carboxylic acid -
Methyl d obpr _~D ie A'ﬁm g g Jic)sﬁcgg}[')gklate

[0148]pal e yel | ow povvder. [0146] np: 195- 196C. [a] D25. 1 =
-118.3 (c = 0.224, O 1N NaOH) 50 1H NVR (400 M-z,
©0. 1N NaOD)3 ppm 1.00 (3H, d, J = 6.6 Hz), 1.14
MeQOG
Me "

Me GOOMe

—— 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 6]
Methyl (3R*,48%*)-1-benzyloxycarbonyl-3,4-dimethylpyrrolidine-3-
carboxylate

[0151]
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(3H, s), 1.31-1.44 (1H, 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 =5163.7 Hz), 7.63 (1H d, J
14.6 Hz), 8.39 (1H, d, J = 2.4 Hz). 5 Elenentary
anal ysis for C20H23F2N304' 0. 75H2O.  Cal cul ated: C,
57.07; H, 5.87; F 9.03; N, 9.98. Found: C, 57. 30; H
eo5 90 F 9.13; 9.92. M5 (FAB) mz: 408 (MtH)'. IR
M e 2962, 26 H5005 5 le'1616, 1510, 1435, 1362, 1321,
1 cm 10 1. [OY8¥\[Reference Exanple 51 Methyl
4S*) - —benzyl - 3] ﬂ di met hyl pyrrol i di ne-3-car boxyl a
1!0'48] 15 McOOC~~gpMe  Me COOMe Me-- N Me [0149]

The . edure of Reference Exanple 1 was repeated by
" usi ng~#fret hyl: angel ate (12.01 niL, 100.0 mmol) and
N- benzyl - N- (n-but oxy 20 nethyl)-N-trinmethyl silyl
[0152]yet hyl amine (36.0 g, 128.9 mmol) to obtain 12.28 g of
the srockedité | ©f crepotstcasERayel ¢ owv wat. rdpeatediusy using

the th@@t§¥$€ﬁe§£29ﬁ HéQﬁgft (YR® ¥§9f 1 DLhgy §u§sgquent

dlmethﬁgh@xmﬁldln%?»[%a*s]e?xyh%? fé%%éggé%ﬁxﬁvst iiﬂxe?% ) “énd
benzyl(éﬁ&qﬁdfqrmabentylo&ymhrbbﬁ?lSBmm@b}neohybpymnoﬂbaBng (14.52
mmol, 3- s@éﬁ@OXY$@Feofoéﬁé]t1§@e5éomﬁ@ﬁ£§:&@ Mo Mee B, 0il.
[0153] Ve
'H-NMR (400 MHz, CDC1;)3 ppm: 0.94 (1.5H, d, J = 6.8 Hz), 0.96
(1.5H, 4, J = 6.7 Hz), 1.30 (1.5H, s), 1.31 (1.5H, s), 2.14 (1H,
m), 3.16-3.28 (2H, m), 3.64-3.71 (4H, m), 3.92 (1H, dd, J = 14.6,
11.5 Hz), 5.16 (2H, m}), 7.26-7.37 (5H, m).
MS (ESI) m/z: 292 (M+H)" :
[0154]
[Reference Example 7]
(3R*,4R*) -1-Benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -3, 4-

dimethylpyrrolidine
[0155]
MeOOC  Me Boc—n Me
Me uﬁ ' Me ”H
ooy
Chz Chz
[0156]

To a solution of methyl (3R*,4S*)-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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[0152] The procedure of Reference Exanple 2 was

repeated by using the thus synthesized nethyl

(3R*,4S*)-1-benzyl -3,4 5 52

di met hyl pyrroli di ne- 3-carboxyl ate crude product (12.28

g) and benzyl chloroformate (21.3 nL, 149.3 mmol) to

obtain 4.23 g (14.52 mmol, 2 steps, 15% of the title
extracicedpeinid eshyl catetdess(d00.mL] 0153]e MeNNR i(ADCOMdzic layer

was dr£ggnﬁiéhp£ﬂhy@r§&s(éoéfhm suﬂfat@ Saﬁg)thQ @@ssﬂ@atlng agent

was reréo‘{lﬁg'(]ﬂq fl:h]ira%l(i% 3% %_ll(verﬁ‘ri: v\? E%“O?’fc{iﬁ }}!H)Sst)lllatlon
under Eﬁ@ﬂp%@}prgﬁpuge—tq4o@ta1q1t5engud@ juaseluiel-loli s | ,the form of

a carng td - Bdid SHTHE .M @)E‘Ilddddtz ir2%he Mddm of [aolﬁﬂboxyllc
Ref er.en
acid Wa}l ‘jL é er(riz oxycar‘%%'ﬁy%1 39% %Q%U‘f?:bg(r)l/c%?bfo%ﬁam no) -

Purlleﬁqlo@inethylpyrrolldlne [0155] MeOOC Me BOC-N Me
[01571Me, - MettS N C .bz Cbz 20 [0156] To a sol uti on of

thydo o orf"%ﬁ ﬂh@q{}ﬁ’é %(B(t?ﬁmy R roduct in the form
lj? ]Ilg ro r rB]ﬁF

oxyl] ate, (4, 23
Of a cqTPHEX WHAACTY G5 1 SNRLRRTER b1 0F B of S sadntmr) i
toluendy 0F @ xile, (dnmemmiphbbthEylnmﬂ3d@aé4a@@edbatl$o&ﬁ1mmol)

was adc%é‘d['pﬁ{ 3étryrf@ef angk i Eearml Xt ok gnﬂﬁﬁuisé in(ré@dstﬂfrf@g%&c Jf*oom

e e ure or ou an |
temper e roR & T T % o b e et ot her 1
hour. Mipdithe deated7and grizzes mqt,l%@RW@%%%@@% tert-
butyl &#lcEshsli(T@dnN, amdithdabixaire S flosa Bedoutider Af¢LIux in

an oil Bd GeNLI a]E tf% ¢ 38 %%%&s“”%g{d t%%“g%%(ﬁfld?{ wiktfre was

oncen ochlor
then coadrit Cr‘ &%OW‘ PSR h ﬁg,tegc,r&rqugﬁq &r?e a‘"ﬁ‘?ol"el‘ijé“— by
distilkaﬁiﬂncun@@& Eédu@ﬁdrpmﬁ$ﬁumwxrtm&rw¢53@@¢aWEs(Emmnf¢§d by

silica r@oﬁltﬂriﬁﬂ %ﬁm r hé‘i@a?néué Wéc’i‘e@é‘@é‘dé@ufo -

lumsul fate

35:15 3 BORR0; a1 O 2%ﬁetgoﬁv%ﬁ?s%§ Y %e b wicls| Fastens:
24%) oﬁjrr&ee TR TPRAEYLrES tH FDERT FEIhIENUdeSptBduct in
[o158]t he form of

'H-NMR (400 MHz, CDC1;)8 ppm: 0.99 (1.5H, 4, J = 7.3 Hz), 1.01
(L.5H, d, J = 7.1 Hz), 1.43-1.46 (12H, m), 2.06-2.22 (1H, m),
3.11-3.17 (1H, m), 3.24 (0.5H, 4, J = 11.5 Hz), 3.30 (0.3H, 4, J =
11.2 Hz), 3.60-3.67 (1H, m), 3.88 (0.5H, 4, J = 11.2 Hz), 4.02
(0.5H, 4, J = 11.0 Hz), 4.43 (1H, brs), 5.09-5.17 (2H, m), 7.26-
7.37 (5H, m).
MS (ESI) m/z: 293 (M-tBu)”.

{0158]

[Reference Example 8]

{(+) - (3R*,4R*) -1-Benzyloxycarbonyl-3- (ftert-butoxycarbonylamino) -

3,4-dimethylpyrrolidine 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;



10

15

20

25

30

5 a carboxylic acid. The crude product in the form of
a carboxylic acid was used in the subsequent reaction
with no further purificatgan. [0157] To a solution
of the thus obtained crude product in the form 10 of
a carboxylic acid and triethylamne (6.06 nm, 43.5
mmol) in toluene (70 nL), diphenyl phosphoryl azide
resolut(ib)b 41 mdl &4 ym)l )to wast aidd e )i n{ 3/F i 4R oath, and

benzylé%ég%an i né%)t%-lrg bat}a}caag 9 11Eor a a%yh(r;je_ f1or hg
dlmeth}%{? ]h]ég]t 4h6d3 S r]eg3 gl'oriferﬁ vyajénead'dggd
minutesd,erfo]TS Hut v el c.ahol(c( 20 onile 5, ard lowe forxt) ir endas - ) -
(3R*, 4RW0aL1EG ro;fﬁaﬂb@hyln3a@té¥d rhﬁddkﬁarlb%ﬁ@jaeﬁnﬂﬂ 3,4-
c:limethyrng)l'lr o1 1n S,Srﬁaﬁl on, r'q(f(tn'liﬂo%. eteA].'[elr!DI'?qubﬁ?ed A O1.4

errpera ‘er” r'enovi ng vent
minutesyi skdlD2 ilorrUidel’ riedec&d 150es shlerofipam) dsi due was
[o1eljpurified by silica gel colum chronat ography
T ane-ethyl acetate 90:10 -* 20 85:15 -* 80: 20 -
[ Xampl%%? obtain 1. 05 g

tO
7= [ (3R* n‘--. %) i atanaVail n‘n . col !n A LA i . ‘nn- —Y a H)

[ (1R, 251)H2Hhﬂlt(c&m3:w&ppr@mﬂ3)-83 ﬂmhhcoﬁwg. (4L camlyctro HR= 7.
oxoquid@inel Vbarb:@idadid 7.1 Hz), 1.43-1.46 (12H m,
[0162]4 06-2.2Z2Z (IH ny, 25 3.11-3.17 (1H m, 3.24 (0.5H,

J =11.5 Hz), 3.30 (O SH, d, J = 11.2 Hz),
3.60-3.67 (1H, m, 3.88 (0.5H, d, J = 11.2 Hz), 4.02
(0.5H, d, J = 11.0 Hz), 4.43 (1H, brs), 5.09-5.17 (2H,
m, 7.26- 7.37 (5H m. Mp (ESI) mlz: 293 (MtBu)+.

30 [0158] [Referencge Exankl ecdsr,
(+)-(3R*, 4R") - 1- Benz ycrbonyl 3- (tert but ox{/car bon

Boc—N YR no)-. ﬁ 454 olidine and (F

Me i - 1- DgRZ ycar bo ;
(dert- but oX. ca bonyl am n 5,4-di e py¥rrgli ¢fne 35
¥01607—Phe r@cenrc—conpound—of—> OMe A F

¢8R, 4R*) - 1- benzyl oxycar bonyl - 3- Me NH,
(tert-butoxycarbonyl am no) - 3, 4- di net hyl pyrrol | d| ne
r01631(1.205 g, 3.46 nmmmol) produced in Reference Exanple 7

was gptically resolved i.n an_ optically act| e coI unm
B@fcﬂﬁﬁeﬁ@pﬂméceeerﬁmsc}fﬂ&ﬂqa EPSEXAAP 140 Thexare (PR 4R*) -1~
benzyldxygpmineyly lal3cdhielr,t -gstenryfdagwaratlemi2® My, rﬁ-nut e 53
dimethy188@diieNneAQ 4%8 RRY, MUzt quRltaiwd « BordRedRo | -
(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,28)-2-fluorocyclopropyl] -8-
methoxy-1, 4-dihydro-4-oxoquinoline-3-carboxylic acid -
difluoroboron complex (429 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.

[a]p®*® = -107.1° (c = 0.240, 0.1N NaOH).
M-NMR (400 MHz, 0.1N NaOD)& ppm: 1.00 (3H, 4, J = 6.8 Hz), 1.25
(34, s), 1.31-1.43 (1H, m), 1.48-1.59 (1H, m), 2.03-2.13 (1H, m),
3.41 (1H, dd, 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, J = 14.6 Hz), 8.39 (l1H, d, J = 2.9 Hz).
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benzyl oxycar bonyl - 3- (tert - but oxycar bonyl am no) - 3, 4-

di net hyl pyrrolidine (468 ng, 1.34 mmol, retention tine

= 9.0 mnutes, [a]D25.1 =5410.3 (c = 0. 165,

chloroform) and (-) 5

(3R*, 4R*) - 1- benzyl oxycar bonyl - 3- (t ert - but oxycar bonyl am

i no)-3,4- dinethylpyrrolidine (591 ng, 1.70 mmol,

Elementatentnahysiaefor 14, 4.; FiNp0Lf €3,0f a] D25. 1 =-12. 0 (c =

calefiil, chlc or_r,saf 99 b, £0361] & [ Bxaapl 4,33 48

Foumior% R ” 41 g AT 9 4 %ln%thﬁlp%rrglldln 1-yl]-6-f
MS EI[(MF@?ED4QﬂfﬂNU¢rocyCIopropyl]-8-nethoxy-1,4-d|hydro-4-
IR (Amxoqtnlm,l %&'Cgmﬁyﬁ%@'c'%i,\)ﬂ'lﬁ%? ﬁlﬁma%@, 1387,
oc- oc- , t -
1354, HRRE, 1867 SN RO - ovook bz FI Me D LEI 15

[0165]0163] By using a procedure simlar to Exanple 1,
[Example&)4{ 3R, 4R¥) - 1-

[(1R, 2$L @nf uo ocycloprop l]A

oxcquifiGRIndRB eBrlpdryliibuaokgcar bonyl am no) - 3, 4- di net hyl pyr
[o166yoOlidine crude product (280 ng, 1.307 mmol, 97%, and
the product was reacted wth
6, 7-difluoro-1-[(1R 2S)-2-fluorocycl opropyl]-8-
met hoxy-1, 4- dlhydro 4- oxoquyj, nol i ne- 3-carboxylic acid
di f I uor obor on conp (429 8 nMmvl) to obtain
370 ng (0.834 25 erT P‘%‘?Wg )
V\,hl te powd [0164;
IN

Boc— el (¢ BecO 248 0. 1H NVR (400

Me ) 8 ppfe 1080 (3H, EMNGF6. 8 Hz),,, L 2K
Shn” 1.31-%.43 , - My,
(14, M, 3.41H1H dd, J = 10.5, 1.7 . .
(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,

[0167]

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

benzyloxycarbonyl-3- (tert-butoxycarbonylamino} -3, 4-
dimethylpyrrolidine (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-{(1R,28)-2-fluorocyclopropyl] -8-
methoxy-1,4-dihydro-4-oxoquinoline-3-carboxylic acid -
difluoroboron 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.
[a]p**7 = +186.0° (¢ = 0.162, 0.1N NaOH).
'H-NMR (400 MHz, 0.1N NaOD)$ ppm: 1.01 (3H, 4, J = 6.8 Hz), 1.26
(34, s}, 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 for C,¢H,3F.N30,°0.5EtOH 0.75H,0:

Calculated: C, 56.81; H, 6.24; F, 8.56; N, 9.46.
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5.5 Hz), 7.63 (1H, d, J = 14.6 Hz), 8.39 (1H d, J =
2.9 Hz). 54 Elenentary analysis for
C20H23F2N3OX4' 2H2O Cal cul atssd: C, 54.17; H, 6.14; F,

8.57; N, 9.48. Found: C, 54.41;, H, 5.81; F, 8.63; N,

9.37. MB (El) mz: 407 (M+). 5 IR (ATR) & 2962, 2881,

2833, 1726, 1614, 1577, 1510, 1435, 1387, 1354, 1306,
Found26T,cm6l.72[;0H5) . 2[6Exm7p|8e44],- N, 9.30.

MS (Elf &QgR*égﬁ)(ﬁhﬁm1no 3, 4-di met hyl pyrrolidine-1-yl]-6-f
IR (ATRYSR 34645 39 T R opt A LB et WA 1258 T D 1456

1392, ®XbYui hePBneld6Bar bRyl 0 ‘acid [0166] O Fi COOBF2 0
[ol6oHH HH\ | F COOH Boc-N Me :yMe F X LLL~~~WIIII Me N

H2 LV 15 [0167] By using a procedure
[Referg“gelarQ%glﬁxa o

Ie 1,
carboxﬁlﬂﬁéhylpyrrolldlne (169 ny, O 485 nnDI) was converted
017010
[ %SR* 4R*) - 3- (tert - but oxycar bonyl am no) - 3, 4- di net hyl pyr
rolidine 20 crude product (95 ng, 0.443 nmol, 91%,
and the product was reacted with
6, 7-di fl uoro-| McOOR, 2S—Me f | uor ocycl opropyl ] - 8-
methoxicI6 , 4- di hy#eex4<oxoqui nol i ne- 3-carboxylic acid -
bo

di f oron_conpl @x X145 ng, 0.402 nmmol) to obtain
(0. 146 146 mol , 6% of the title conpound as a
whi powder. 25 [01 : 209-211C [a]D23'' =
+186.0 (c = 0.162, 0.1 OH) 1H NWR (400 MHz, 0. IN
NaOD) 5 ppm 1.01 (3H, o J = 6.8 Hz), 1.26 (3H, s),

1.53-1.71 (2H, m), 2.10 (1H m), 3.34 (1H d, J = 7.5
[0171Hz), 30 3.54-3.62 (5H, m), 3.76 (1H, dd, J = 10.5,

Thd ;H%cecﬂu:@é &ﬂ-"kef@reﬁ‘c@ojzy'éarﬁ)ﬁlé IH wad , r ]i><§£téd-|‘bydm51ng
mEthylCi%i&%?gﬁﬁﬁﬁh%§5%iQéﬁ%é%%%ﬁo Elggegfa£¥ fnﬁmgfﬂ ng_
benzyl-N- (methoxy methyl) -N-trimethylsilyl methylamine (5.00 g,

21.1 mmol) to obtain 2.70 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,
g}, 1.15-1.24 (1H, m), 1.44-1.54 (1H, m), 2.16 {(1H, t, J = 9.1 Hz),
2.22 (14, d, J = 9.6 Hz), 2.38-2.46 (1H, m), 2.92 (l1H, d4, J = 8.8,
7.8 Hz), 3.21 (1H, 4, J = 9.3 Hz), 3.51 (1H, d, J = 13.2 Hz), 3.62
(3H, =), 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-benzyloxycarbonyl-4-ethyl-3-methylpyrrolidine-
3-carboxylate

[0174]



Calculated: C, 56.81; H 6.24; F, 8.56; N, 9.46. 55
Found: C, 56.72; H 6.26; F, 8.44; N, 9.30. Ms (El)
mz: 407 (M). IR (ATR) : 2%64, 2870, 2833, 1726,
1616, 1577, 1537, 1495, 1456, 1392, 1358, 1298, 1265,
1203 cm 1. 5 [0169] [Reference Exanple 9] Methyl
(3R*, 4R*) - | - benzyl - 4- et hyl - 3- et hyl pyrrol i di ne- 3-
.carboxylate [0170] 10 MBOOO :-Me Me COOVE N Me Me
MeOOCYJ s—Mel71] ThempooceduseMef Reference Exanple 1 was
Mer ated by using meeH®| trans-2-nethyl-2-pentenate
( g, 21.1 mmol) d N 15 benzyl - N- ( net hoxy
rret'*hyl) N-trimethyl si Iyl nmethylamine (5.00 g, 21.1
obtain 3.70 gCa4.06 nmmol, 670) of the title
conp as a pale yellow oil. [0172] 1H NWR (400%
MHz, 13)3 ppm 0.81 (3H, t, J = 7.4 Hz), 1.14 (3H,
20 s), 1.15-1.24 (1H m, 1.44- 1 54 (1H, m, 2.16 (1H
[0175ﬁ J 9 1 Hz), 2.22 (1H, d, J 9.6 Hz), 2.38-2.46

?_1%19@ cg%'_ﬁ gﬁfer}ce L%;@m 13 § Q’r%gﬁ;%y%s:mg
methyl 3(%%*(”11’# 1 ]96132 b aphyl s %e‘% pP{Erp! {ESI)
5 carboxylate 262. q&mgg 14. 08 mmmﬂB]t@FE%Eaemcé X agpl €2 103 mmol,

86%) oﬁm%ﬁw|t1tle compound as a colorless transparent oil.
[0176]( R*, 4R*) - 1- benzyl oxycar bonyl - 4- et hyl - 3- net hyl pyrrolid

i ne- 3-carboxylate [0174] 30 56
'H-NMR (400 MHz, CDCls;)é ppm: 0.86-0.92 (3H, m), 1.18 (3H, s),

1.23-1.34 (1H, wm), 1.51-1.59 (1H, m), 2.42-2.54 (1H, m), 3.06 (1H,
10 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]
15 . (3R*,48*)-1-Benzyloxycarbonyl-3- (fert-butoxycarbonylamino) -4-
ethyl-3-methylpyrrolidine

[0178]
MeOOC e Me Boc—kl —Me
oy
Chz Cbz
20 [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 mmocl, 4
steps, 74%) of the title compound as a colorless transparent gummy

25 solid.
[0180]
'H-NMR (400 MHz, CDCl;)d ppm: 0.91-0.98 (3H, m), 1.23-1.31 (4H, m)},
1.41-1.54 {i10H, m), 2.25-2.42 (1H, m), 2.99-3.06 (1H, m), 3.57- '
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c-Me MeOOC -Me MeOOC Me... M N-> N Chz [0175]
The procedure of Reference Exanple 2 was repeated by
usi ng net hyl 57
(3R*, 4R*) - 1- benzyl - 4-et hyl - 3-nmet hyl pyrrolidine-3 5
carboxylate (3.68 g, 14.08 nmol) to obtain 3.68 ¢
(12.05 mmol, 86% of the title conpound as a
3.75 (8B| on}esSs.55anspar ¢DH, om) , 5[0&75]17FKBMR1@#007N@E;7.38 (5H,
m) . CDC13) g ppm 0.86-0.92 (3H m, 1.18 (3H, s),
4 (1H L 51-1.59 (1H, , 2.42-2.54 (1H
MS (Esﬁj mézoai%%}1fmggﬁ 3. 40 (O(5H g? J=10.7 rz§,
[0181B.47 (0.5H, d, J = 11.0 Hz), 3.68-3.79 (5H m,

[Referé@@éﬁx&ﬁpi@ﬁzm 7. 28f7 38 (5H m. M (ESI) nlfz:

ethyl- 3n@¢thylprhn¢ll@lm@tﬁndo&r}oKﬁErn@SrbirgbennﬁtPFYC%ﬁbonyl -3-
(tert- Eﬁﬁoﬁyé@rbéﬁyléhlné}~4hbﬁhy£bz ﬁbihy?ﬁyfﬁd?ﬂﬁlﬁhe
ﬂ%cl??gérﬁlgfb [ €S ENESR EXAEP] &1 3RS, 1 SRPEL £FoRY1 USL Mert -
butoxweﬁmmﬁman%n% yEBRYLaf pBRYRY BT RO 13108t A§PByFP ol 7 o2t
mmol) pneduBedaiborgfaten¢s. BSagpld 2l D5wasndpticabbyaras@lesd in
an optﬂceﬁﬁl ¥ 7280Dbe Aol ShEPScHTAM. PRk ﬂ&‘e both® §OSROURA28S mm;

reane S BB 20 5 o 008! Lo 0N Thuce,

resoluulqer11@mn$4pern§un)1tq1oht%nn(iﬂkr w* QSQB 2742 (1H,
benzyldyc@ri9&nyl 06- (dékt MutSxpdabBonBlFHindH-4 ARthyl-3-
methylpyééofié:.gné 1 tk 9:mmg,5 P854 ]TZm&g H o Rentfisd ¢in8 (5th 3
minutes, [@a]D25.1 = +15.2° (¢ = 0.230, chloroform)} and (-)-
(3R*,48%) -1-benzyloxycarbonyl-3- (tert-butoxycarbonylamino} -4-
ethyl-3-methylpyrrolidine (396 mg, 1.093 mmol, retention time =
13.1 minutes, [@]D25.1 =-10.4" {c = 0.125, chloroform)).

[0182]

[Example 5]
7-[{3R*,4S*)-3-Amino-4-ethyl-3-methylpyrrolidin-1-yi]-6-fluoro-1-
[(1R,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

[0183]

=
o
-z
=
@
I=
o
=
©
Y
(5
O
=
Em
m

Me NH,

[0184]

By using a procedure similar to Example 1, (+)-{3R*,4S5%)-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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m . M5 (ESI) mz: 307 (MtBu)'. [0181] 5 [Reference

Exanpl e 121

(+)-(3R*, 4S*) - 1- Benzyl oxycaggonyl - 3- (t ert - but oxycar bon

yl am no) - 4- ethyl-3-nethyl pyrrolidine and (-)-(3R*,

4S*) -1 - benzyl oxycar bonyl - 3-

(tert-butoxycarbonyl am no) - 4- et hyl - 3- net hyl pyrrol i di ne
fluorodhelopeenyt] brdyedbhoxy-1,4-dihydro-4-oxoquinoline-3-
carbox @Eé éé”b 1- Q?EZMBQB%S@BROQMH §e§t?ﬁgl hg, 1.000 mmol) to

oxycar ho amn yrrol i 800
obtain B 5hgs (BohLh I PEoOU 62 | M ey AL LE L aRBPa g 2bag wiite
powderoptically resolved in an optically active col um

[0185( CH RALPAK I A, 20 mmdiam x 250 nm hexane :
di chl qr onet hane 75:25; flowrate, 20 ni/m nute;
mo: 24%F <ot ufi-on, 10 mg per run) to obtain (+)-(3R*, 45%) - |
[a] p*° 115 -154.2° (c = 0.144, 0.1N NaOH)
H-NMR bﬂwlm&wcar honwach)@ bUbowcaanzl agi Boy-4- gkhyl 1.14
3H, s] 1”?%'“{ gi’rfé’ﬂ{ d:‘aPe %22'91»11 m9841%'5§ 1. é‘?t Sﬂﬁ' Ofly, 1.88-

%Iﬁt oPbf of nf§- %\n‘&lz(1}H m -47-3.53 , (3H, s},

m nut e

01 (1R0)m#: sthyl (Smeshy! pyf£0b3d8n68(§965n@ u2) 093 gwolkin, 4,

- s £ A . S FBapre 5

Elemen‘qa{-ygﬂaah@;s 3t ani %HdsFeNh% 035HePhyl pyrrolidin-1-yl]-
Calcw,ﬁ.(af'dddDYOd-fSF 60; H,l 6.09; lF, 8.83; N, 9.76. .
1R 2 or Qc Opr ogylk-.8 y- 1, 4-di hydr o- 4-
FounéES gxo%l ﬁgl i ﬁe % %%r ngyﬁl C]Sac}qgeFO%&] 0 FCOOBFZ 0
MS (FARN W& o434 ®bEUN- -Me Boc-NcMe F Me" t.: Me
IR (ATR):. Q¥sAFE MS31,| \2895LNININ OB 18 R51Ghz 1M AE NHZ’:SLV 1371,
1325, {5)-3.&4]12”@4 BymUsing a procedure simlar to Exanple 1,
[0186] (3R, 4S7) - 1-
benz oxycar bonyl - 3- (tert - but oxycar bonyl am no) - 4- et hyl
[Example.- 6J)‘lnat hyl pyrrolidine (383 ng, 1.057 nmol) was
7- [ (3REQIWEY { BdahDhsf4dechyl -3 -methylpyrrolidin-1-y1] -6-fluoro-1-

(1R, 28 PT8 + AN 3¢ d B H - B PXY S ap DRy am Npl o fr eh Pyl 4 3- met hy

(

1.
'3.60 (IBR'dAS*J-4- b@n&ylbxg{cﬁzbon'yl?:ﬁ (1Erttbuﬂoxy@a2bﬁnylam%-
4.

J

I'TOTrTUurire,
oxoqulnoflne 3-carboxylic acid
01871
O
F F
| COOBF, o
F COOH
BOC—N Me Boc—H —Me F |
A = LY,
Cbz Me NH,
[0188]
By using a procedure similar to Example 1, (-)-{(3R*,4S*)-1-

benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-ethyl-3-
methylpyrrolidine (386 mg, 1.065 mmol) was converted to crude
(3R*,48%*) -3- (tert-butoxycarbonylamino) -4 -ethyl-3-methylpyrrolidine,
and the product was reacted with 6,7-difluocro-1-[(1R,2S8})-2-
fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-oxoquinoline-3-
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and the product was reacted wth
6, 7-difluoro-1-[ (1R 2S)-2 58
fl uorocycl opropyl ] -8-nmet hoxe 1, 4- di hydr o- 4- oxoqui nol i n
e-3- carboxylic acid - difluoroboron conplex (361 ng,
1.000 mmol ) to obtain 260 ng (0.618 mmol, 620) of the
title conpound as a white powder. 5 [0185] S
carboxﬁDQeZadfd f aflD2budrebeot&d. Qofiplex0(3142, m§, 1N. faOHmmol) to
obtain f%ﬁmﬁg(§@06§@tmm911“%%%;?%519?51FQE$4 &8 o%?ﬁﬁaﬁjg-ﬁhite
POWderl 61-1.67 (1H, n), 1.88- 10 1.95 (1H, rr), 3.40-3.42
mp: 113HH157E,. 3.47-3.53 (1H, nm), 3 54 (3H, s) 3.60 (1H
[o] p2°-1dd, 337 16. Qe 3.4, FiZp, .i St J = 9 2 Hz), 3.96-

o S (Al o g é 1Ry, 2o
. SEl ehehtat y2&nbtYsi®) f of - 1142%@52 B4’ ) 5%0801% 88 (1H, m),
3.31 ((a)cd) ared: 9 ®B8) 603.4H-5.99; (5, 8mB3;3N393769 (1H, m),

8; 0 9. 69.
4.02 dr‘:fu% 7 85@%? 28 &1}(55%%,:':59%% %%glld 2‘275 i\/%ﬁgﬁ@ 848

S)_L618 1514 1448 1439, 1371, 1325, 1279, 1234 cm 1.
Elemen‘Q@rY oa%}ys:[gxﬁcn:pl @216}5F2N3O4 ' O .2 5EtOH‘ 0. 5H20 :
Calcﬁﬁa&QQFF éS* 583241 1O- 4- eyhy k- 3gnebhykpyer.ehi.din-1-yl | -

FOU?SE é@ EGfIUOroc Fopropny 8- ﬁe?hoxy |, 4-di hydr o- 4-
Ms (F. &damhoﬁ?ﬁe BLdhr boxyl ic acid 25 [0187] O FOOOBFZ
IR (ATH): O 2dd0, B9ROOH28BuG- N72ave 1BIM ,i 1FH70MEL Sk F W14, LM33,

1392, N2, "i%&e@@fvs%ﬂvb NH2 LLLLL~~~W [0188] By using
lo1gey® Procedure sinilar fo Exanple 1, (-)-(3R,45%)-1-

[Reference Example 13]
Ethyl trans-4-fluoro-2-methyl-2-butenate

[0190]
COOEt COOEt
— — —
HO Me F Me
[0191]

To a solution of ethyl trans-4-hydroxy-2-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), diethylaminosulfur trifluoride (7.45 mL, 56.9 mmol) was
added dropwise in an ice bath in 10 minutes, and the mixture was
stirred 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.
[0192]
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benzyl oxycar bonyl - 3- (tert - but oxycar bonyl am no) - 4- et hyl
-3- methyl pyrrolidine (386 atg, 1.065 mml) was
converted to crude
(3R*,4S*)-3-(tert-butoxycarbonyl am no) - 4- et hyl - 3- net hy
| pyrrolidine, and the product was reacted with
"H-NMR 6(40-aiMdiorandl;) 1RpRS) -2-31 (3H, t, J = 7.2 Hz), 1.86-1.87
(3H, mf'u@r@§Y@£ﬁ prb] 87n§tﬁ9xy k. dodichidr gad- 03°QU4@OBIH5 9,
1.1 Hzﬁg % r¥ | Cld - dlfluoroboron conpl ex (361
18 %o o™ obtain 263 nmg (0.625 mol, 63% of
[0193} he title conpound as a white pomder np: 113-115C. 5

Yo11aPe-3-

carboxylape1.88 (1H, m), 3.31 (1H d, J = 9.8 Hz)
[0194]3.49-3.53 (5H, nm, 3.63-3.69 (1H n) 4.02 (1 n,
4.80-4.98 (1H, m, 7.64 (1H d, J = 14.6 Fh), 8 48 10
(1H, s). Elenentary analysis for

C21H25F2N304' 0. g5EROH 0. 5H20:  Cal cul ated: C, 58. 43;
H 6.27, F, 8.60meM—9.51. Found: C, 58.36; H, 6.26;

F, 8C@EEt N, 9.49. FAB) mz: 422 (M+H) . 15 IR
73, 1728, 1614, 1579, 1541, 1510,

1/ﬁ$% 2960, 2929, 28
433 1392, 1352, 12§ 1275 cm 1. [0189] [Reference

Exanpl e 13] Ethyl trang fl uoro-2-net hyl - 2- but enat e
20 [0190] COCEt COCEt O M F-/ Me [0191] To a
[o ]solutlon of ethyl trans-4-hydroxy-2-nethyl-2-butenate

%E? nt he zedzgy the nethod of Wolff, M (Tetra %gron

e SRS IR S il 1 hind) remeaidy By Using

ethyl amm—mgorw%mwyb@tmmamooz m3j,g, 16.63 mmol) and

N- benzyhfﬁlwéﬁfnd%?nﬁéﬂﬁyiriﬁlt&&mékhﬁﬂiﬂﬁynime5ﬁy9aﬁnﬁé) % 11 mL,
e e

15,97 %)) Agded drapui se, In An JE Rt h o 10, g1l ey A0

m Xt ure was tenper &t ur e EoF 2
compounty #s .2 RAkhe/$eEi on 30 mixture was added saturated
[0136]laqueous solution of sodium hydrogencarbonate (80 ni),

sol ext,r e t ic th
SH ’NP;R;;%%? E@ by grb?:'lig%% quoior&aﬁr?: cféégerh}v\gsq%% 311930’(31{
2.89-3.06 (2H, m), 3.16 (1H, 4, J = 9.3 Hz}, 3.57 (1H, 4, J = 13.2
Hz), 3.64 (1H, d, J = 13.2 Hz), 4.16 (2H, ddd, J = 14.3, 7.1, 2.6
Hz), 4.44 (1H, ddd, 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*)-1l-benzyloxycarbonyl-4-fluoromethyl-3-
methylpyrrolidine-3-carboxylate

[0198]




wi t h anhydrous sodium sul fate, and the dessicating
agent was renoved by using a short silica gel colum.
The sol vent was 35 renovedday distillation under
reduced pressure to obtain 2.43 g (16.63 nmol, 88%
of the target conpound as a pale yellowoil. [0192]
60 1H NWR (400 MHz, CDC13)8 ppm 1.31 (3H, t, J =7.2
Hz), 1.86-1.87 éSH m, 4.22 (2H, q, J = 7.2 Hz),
Et08C00 sTFH, ddd, JE® s*Fs 9, 1.1 Hz), 6.82-6.89 (1H,
Mﬁi 0193] 5 [ReM‘r Ate Exanmple 14] Et hyl
TAR*) - L=bemzyl - 4>ft uor onet hyl - 3- met hyl pyrrol i di ne-
3- ar hoxyl ate [0194] LEtOOC F COOEt Me }-~ FJ_("Me N
10 [gE§j| The procedure of Reference Exanple 1 was
repe by using ethyl
trans-4-fl uoro-2-nethyl-2-butenate (2.43 g, 16.63
[0199kmpl ) and N benzyl - N- (et hoxy
Tieé hytpedbitiré nef (e Setehcaethyhphé ne ¢os liepdatdd by using
ethyl %§R97 li o Qg%a%nff?ézoﬁffg%?— oL y@éﬁ%r@i ?hﬁe 3-

itle e 0196
5 carboxm*:ecba“%pp% 4 RS} B foobgaing2 o569 (1.49 papt, 86%
of thesfitRe3comddhnd, asg = @oBoFIk¢$52tn®1$11&l,reU‘d o31= 9.0,
[02007-1 Hz), 20 2.89-3.06 (2H, m), 3.16 (1H, d, J = 9.3
3.57 (1H

. = 13.2 3. 64 (1

R 00 i %@s 3PPy = 1142%@}41 b8 138 o

S), 2.9YHd3-00=(B4, gn) 9.3;3%:9-4B) | (2, 5%)(13I7Hd@ 73 £1H84m7 3.81
10 (1H, a9.3,=611. cb-Isz J.2117-852(5HRHEMm) M (EBH) . 68212280m) , 5.10-

1 ] ef ence Exanpl e 15] Ethyl (3Rh
5-18 %$£+&) %enzygfigqaéézﬁg -4-f 1l uoronet hyl -
ESE%t%& Fpyr%s - carboxyl ate [0198] 30
[0201]

[Reference Example 16]
15 (3R*,48%*) -1-Benzyloxycarbonyl-3- (tert-butoxycarbonylamino} -4-

fluoromethyl-3-methylpyrrolidine

[0202]
H
EtOOC 3“_' F Boc—N _ F
Me v }— Me »}—
oy
Chz Cbz i
20 [0203]

The procedure of Reference Example 3 was repeated by using
ethyl (3R*,4R¥)-1-benzyloxycarbonyl-4-flucromethyl-3-
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, CDCl;)8 ppm: 1.37 (1.8H, s), 1.39 (1.2H, s), 1.42
(9B, m), 2.79-3.13 (1H, m), 3.19-3.31 (1lH, m}), 3.60-3.72 (3H, m),
4.41-4.62 (24, m), 4.77 (0.4H, brs), 4.85 (0.6H, brs), 5.09-5.17
30 (2H, m), 7.28-7.37 {(5H, m}.
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61 EtOOC rF EtOOC :-F Me, ~ M2, NN Cbz [0199] The
procedure of Reference Exanple 2 was repeated by using
et hyl 62
(3R*, 4R*) - | - benzyl - 4-f | uor onet hyl - 3- et hyl pyrrol i di ne-
3 5 carboxylate (2.56 g, 9.16 mmol) to obtain 2.56 g
(7.92 mmol, 86% of the title conpound as a colorl ess
MS (ESIyamgpar 1l ofM-tHuW0Z200] 'H NMR (400 MHz, CDC13)5 ppm
[o205-26 (3H t, J =7, % Fh)hjl.zg (3H, s), 2.91-3.00 :
48 (2H , 3.71-3.77 (1H, m, 3.81 10
[Refer%’i‘ﬁlé ﬁ?{é‘ﬂpl ﬁb 4.11-4.21 (2H, ny, 4.41-4.68
(-)-(3R2HISH) + lSBQQZYEOaﬁcﬁannﬂi 37 {porz-ByteRyrayponyEamino) -4 -
fluoro&éﬁ%}lniZme@@ﬁlﬁ?@f&ildlﬁQZQﬁ& k5¢f€3Eﬂ9@SE¥aﬂp|e 16]

mEthylPHEKOhld¥n$uoronethyI 3 nEthyIpyrrolldlne [0202]

T ¢dmBO iy Fof M3 M 4S*) - T-beithyl Gbyca 200 PRO3] (tert-
butonybe@ﬁQf&ﬂHﬁ& ) Of - Rel SF SREEn{X e By Yo FEPERIRE bY 454 g,
3.97 QR BEeYIdehein RO ERBRFITIRIF b ofRF Rt acally resolved
in an aethyd pyelwhn d CEIBALRAROXY] a2@ (2. &bay, F.3%0 nmpi )heyane :
isopro@Pl ad Nednd?, QB(5 881 SPOFatd, SiePeL /ol Hlc &f i@@oluti@n 60
ng per BIRALEE. SOl B8 B f?gé’g%fféxg% oBf) g (cert-
butoxyqa@@pQg;§m4n@b 4jthpr?@#¥hﬂ% gnngglggr¥q}pdhge %24 mg,
1.703 mndP; rededddbn Mims. 60 B, ¥ 2n{Blked) , [a¥Ddd:-#. 6216201 (¢ =
0.645, %01&?50199) )g@m&)r?l)’ {431§15 4@*)&_!1 19 ﬁﬁ ééxnfgaébégyl39 (tert-

butOXY?%ﬁ@@RgLamln ! sgiéoroméghyl 3- met ;ip rrofldlne (623 mg,

1.700 mmol, retention time = 15.5 minutes, [alD25.1 = +13.8 (¢ =
1.230, chloroform)}.

[0206]

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

[0207]
O
F COOBF, -
| 0
F COOH
Boc—N  —F Boc—N F F |
Me: Me OMe F F N ’
Sy e ey
Chz ] Me NHz
[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*,48%) -3- (tert-butoxycarbonylamino) -4-~flucromethyl-3-
methylpyrrolidine, and the product was reacted with 6,7-difluoro-



[0205] [Reference Exanple 171 (-)-(3R*,
4S*) - 1- Benzyl oxycar bonyl - 3- (t ert - but oxycar bonyl am no) -
4- 5 fluoromethyl - 3-met hyl gwrrolidi ne and
(+)-(3R*,4S*)-1-
benzyl oxycar bonyl - 3- (t ert - but oxycar bonyl am no) - 4-f | uor
onet hyl - 3- net hyl pyrrol i di ne The racem c body of
1- [(1R( 3R ;2Sf ) udrbeyeydorgonl bodyheBa¢xerl,4-dihydro-4-
oxoqulﬂgiQﬁécﬁfggfyé f@)aél&lUQ&PFE&@%&E@T@Et@dﬁﬁYé£0k2§9nmg,

0-827 ol £ 1#bGaLs %%faw 075ELIPERT o ) et O cot o

compouridHr RAL PAKL XS, po@dem di am X 250 mm hexane i sopropyl

5 fo2o9jal cohol, 93:7; flowrate, 25 nL/mnute; resolution, 60

un) to obtain
e 25119@ 1%?83% 4S*) - | - benzyl oxycar bon¥l -3-(tert-
[a] o™ "bet oRpc&r bbfﬁy# abi hd - 40 f 1 o¥aP®t hyl - 3- net hyl pyrrolidin
'H-NMR €424y, olIanl Né@)’b)m‘rpbm relemyl oputise, =11458(1H, 4, J
27.2 H%? N 695 - Z[a(ltg)z?lﬁ' Tl>- P 46 AnD. @é5 gChipg of orgn 3 mpy,
% 3R*, 45" benz T ox) car onyl-3-(ter
10 3.54-3p5

| -
arbonyt a0 nEﬁ 4-31 uot ohret hjyflI 3t ‘ihyl%y%r%? } i hr 94
(1H, te J6239n3,Hz) 7DEIMMDI Q5 r 6tRnton 4ie® EH5 &ddi niites37-6,

9.2, 6[va11@525 4.53+13u8 &¢ F =16238, uehl oroker My, 20 [0206)a.5 Hz),

Jnga 7]
~8.42 %’%*‘?43* %Mno4fluororrethyl 3-met hyl pyrrolidin
Elementarg|an¥ﬁy51s for CsgH;3F:N.0, 1H,O:

15 calcoufllatedn- | €] (4R, 29) - 8, f buesecycl npreb2yN] - 8- a8t hoxy- |,
FoundQ|h&drg4434oxgqugn@h|ng 31§a5§oxNI|§ g¢i d 25 [0207] O
F C N -F Boo-N F F Meg Me- OMeLF F
MS (EINTW ZLLé%N Ri+Ene - F Cbz HM NH2 ///LLLVWWI 1 [ 0208]
(ATHYy: usSiSdd ,a 3PBdce@W7e  si2@igllar 173 eExdyl2e 1514, 1456, 1365,
1327, 1279 (338 ~=1- 30 _
20 [Ozlojbenzyloxycarbonyl 3-(tert-butoxycarbonyl am no)-4-fl uor
onet hyl - 3- nmet hyl pyrrolidine (303 ng, 0.827 mmol) was
[ExamplkeyrRlerted to crude
7~ [ (3RA 3% A )amirid -er 4 £ hud moayeaiyiioryH et nal) p vie £ d Liod omet byl 1 -6 -
fluoro-or- [BIEVAPYIS O 1 i Ne BNsh LA, Pr oglued - as, I £aLl echyhtdl 4 -

6,7- UIIIUUI
oxoquindline-3 cafﬁoxyllc acid
25 [0211]
O
F COOBF.
- ?
F COOH
Boc—N F Boc—N —F F |
Meuh Meuh OMe F F N
l}l — N - ﬁ OMe? E
Cbz H Me NH,
foz212]

By using a procedure similar to Example 1, (+)-(3R*,48*)-1-
30 benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-£luoromethyl-3-
methylpyrrolidine (310 mg, 0.846 mmol) was converted to crude
{(3R*,45*) -3- (tert-butoxycarbonylamino) -4-fluoromethyl-3-
methylpyrrolidine, and the product was reacted with 6,7-difluoro-



10

15

20

25

30

35

63

1-[ (1R, 2S) - 2-fl uorocycl opropyl ] - 8- net hoxy- 1, 4- di hydr o-

4- oxoqui nol i ne- 3-car boxyl isa acid - difl uoroboron

complex (299 ng, 0.827 mmol) to obtain 231 ng (0.521

mmol, 63% of the title conpound as a white powder. 5

[0209] np: 195-198C. [a]D25.1 = -36.8 (¢ = 0.125, 0.1N
1- [ (1R Na&H) 2 - HL RO ¢ ODomMLR Y D] AN-NatOD)px B- ppt A1bPré 34 s),
oxoqulﬂoﬂﬁnélitcé&bé 7lid ladidiz) dﬂfﬁ@oﬂo@&r&ﬂkbo 1e§ 5905 mg,
0.846 %géﬁ 5& %b%% ? i?? ngt&)ﬁléo tﬁt%g
compounyd Ja g3 wizlio®- EDW@E¥1H m, 4. 63 (1H ddd J = 37.6
[0213@ 2, 6.5 Hz), 4.98 (2H, d, J = 64.2 Hz), 7.66 (1H, d,
o - 186 4 5 Hz), 8.42 (1H, d, J = 2.0 Hz). Elenmentary
P 2s. nz§1 SIS for C20H22F3N304' 1H20: 15 Cal cul ated: C,
[010*'54 $732H0°5(d6= &, 103, 86: 18 N&OHB. Found: C, 54. 34;

'H-NMR Ha4 09 4tz ,F,0.031 Mhoohs @pal M2 gE(3aM 2) , 4265 ( MtHYD. (2H, m),
2.45-2 15 (AR : ?’5431 460884, 29 2831g A6, 31@@2i31451§), 3.66
1‘§6 365 ) 1327, 51279, &538J°1“110 go; 0240y 3.74-3.79

(zH m)7r [4(3@3 448%9 Bllﬂnml)o.-44f6®ofliﬁetcﬂ®dr31n=et3ﬂ/l¥)yr5?o$jdfin‘l Hz) ,
4.93 (2H;Yd]-8-= 71.6 Hz) 7 67 (1H, d, J = 14.5 Hz), 8.47 (1H, s).

Elemeng%lg}grﬁi%lygllﬁ £} - 'ﬁoﬁ‘)&yg{geaﬁofyéﬂ[ $H- methoxy-1,4-d

oxoqui nol7 d 25 [0211] O

CalcugpcedBr2Co 5%1 ﬁlcdé}-l §12BooFp 1LF4BoctN B-4R- M, -
FoundVe~€, ~55. OMB%IF &.d2 INF, NLN. 86; ONE B.58.Cbz H Mo NH2
MS EI}N&/QOZ 12} §M+%§Hng a procedure simlar to Exanple 1,

IR BTG 2300, c APy LI 4t dFLSourEPeathy) ditie) 50 udR3S.
1315, kﬁﬁﬁinﬂzﬁﬁ,rkamyhpwrrolldlne (310 ng, 0.846 mmol) was
[o214¢0nverted to crude

3 (t rt-but oxycar bonyl anmi no) - 4- f| uor onet hyl -
[Refer%ﬁg ég%#pyrro dlne and the product was reacted with

tert- Bq#yﬂrﬂquQﬁyi -cyclopropanecarboxylate
[0215]

Y — Y

[0216]

A mixture of tert-butyl acetoacetate (497 mL, 3.00 mol),
1,2-dibromoethane (310 mL, 3.60 mmol), potassium carbonate (1.106k
g, 8.00 mmol), and dimethylformamide (2.0 L) was stirred in a
water bath at 30°C for 1.5 hours, in a water bath at 60°C for 3.5
hours, and in a water bath at 30°C for 4 days. The reaction
mixture was separated by filtration through celite, and the
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 aqueous layer, and further
extraction was conducted by adding diethylether (2 L). All organic
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1-[ (1R, 2S) - 2-fl uorocycl opropyl ] - 8- net hoxy- 1, 4- di hydr o-

4- oxoqui nol i ne- 3-car boxyl igs acid - difl uoroboron

conmplex (305 ng, 0.846 mmol) to obtain 257 ng (0.516

mmol , 61% of the title conpound as a white powder. 5

[0213] np: 186-189C. [a] D25.1 = +132.0 (c = 0. 103,
layersOwéiNe NaGipithed NVRN(408sheld, wOt N1 NaOBjSeppat s@188i68HpE

01tr1csac1d1 §1L¥ 7Qa €28, éﬂl 23ﬂ5 gnégsééﬁkaﬁﬁd §qﬂéoﬁékkolutlon

Hz
ot sondpr igste ot ) Chbashesds oy, Aglay 3 alydrapt Sodium
sulfate), A8 reo(itHy tHhe demqag_t}q.ngjcaﬂemt DHR7EBLtpipion, the

solven®. ﬂabtiemoéea3t§2ﬁhsdlliaE15ﬁ Gn&iy, rgdﬁaeﬁlbkegsuﬂe— and

4 Hz 47,
the gl Barals®ii trp dien:  ENOL T satee Esfoofbean 3710 g
of thegtaygef compeandN(18 mmHg, 18isbihdatEonsEragtipn gfg32 to
78°C, F.09lkad6; d%%)8.48.a MpIdtledd ZraAddpdMil) il R (ATR):
(02178970, 2883, 1728 1616, 1560, 1456, 1390, 1350, 1336,
1315, 1298, 1267, 1203 cn11 02141 20 }Reference
H-NMR Eg@pmlvg{zl,g]cchﬁt BBBP?I .37-1.40 (4H, m), 1.49 (9H, s),
2.44 (lHacein-l-cyclopropanecarboxylate [0215] OO OO 25
[0218] 0216] A mi xture of tert-butyl acetoacetate (497 ni,
di br onoet hane (310 nL, 3.60 nmol),
[Refer%%?%sgnﬁﬁ?%%r%ohate (1. 106k g, 8. 00 nnDI) and
tert -Byf v DRAERP b~ FPANOE % ANE G pad
[02197t SOC for 1.5 hours, in a mater bath at 60C for 3.5
30 hours, and in a water bath at 30C for 4 days. The
reaction mxture was separated by filtration through

cel kte, and the residue o celite was washed with
& ther (3.5 L).~Jhe ﬁate and the
:ﬁ/di t hy! et her —used~f or ~tlhe Mas |Mg were conbi ned and

added to water (2 L), and Phe Urganlc | ayer was
separated. The 35 aqueous |ayer was extracted with
[0220]dj et hyl ether (2 L), and water (1 L) was added to the
treestH Buingl arreeisy 1 ay-efyc s dpaidesrb@xyTacs | 0. Wasg, 50.0
mmol) wRRHLL &GPy afdi 09741 SL1WL BLNES £ (Znddnid 1n OhGBRAGCPS (300
mL), and to this solution in an ice bath were added concentrated
ammonia solution (90 mL), ammonium chloride (53.5 g, 1.00 mol),
and scodium 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 solution 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 obtain 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, CDCl3)d ppm: 1.02-1.12 (2H, m), 1.19-1.17 (2H, m),
1.48 (9H, s), 1.50 (3H, &), 2.13 (2H, brs).
MS (ESI) m/z: 155 (M-tBu)'.
[0222]
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| ayers were conbi ned, and washed with 10% aqueous
solution of <citric acid (2 L), water (2L x 3), and
saturat ed aqueous sol uti oneef sodiumchloride (2L x
3), and dried by addi ng anhydrous sodium sulfate.
After renoving the dessicating agent by filtration,
the 5 solvent was renoved by distillation under
[RefererdacBrappéssrOe, and the residue was distilled under

tert-pheguced (Pres§usfih9- bhat By 3dnd1 9-1 08y ENEplapaat
gggE?U”d t1o Tty di StTTTatTon fraction 6?‘7%‘T6—
carboxyd2L€s 02 nol, 67% as a col orl ess transparent oil
[0223]0217] 10 ' H-NVR (400 MHz, CDCI3)S ppm 1. 37- 1. 40
(4H, ), 1.49 (9H, s), 2.44 (3H s). [0218]

[ Ref erence Exanple 19] tert-Butyl

1- (I -am no-1-cyanoet hyl)-1-cycl opropanecar boxyl ate 15
[ z19Y W87y >, OHZ O NN [0220] tert-Butyl
' >§-a t Yi~Me cyetepop c Of¥pate (9.21 g, 50.0 20
IO was dissolved il a@N sglution of ammonia in

met hanol (300 mnl), and to thi¥solution in an ice
bat h were added concentrated anmonia solution (90
[0224]n), ammoniumchloride (53.5 g, 1.00 nol), and sodium

ﬁ.’tiaé\i Q@llfﬂi&@ g%o 100 Cofmpdt - ey m Kt v%eammOsii rred

[0) enper at ur or S e- SOLV
cysnoe Bl BTt ST aR B E MR T RaReLat ey L ETE o0 Ta TRt o
ethanokofgeMidee HhoSuaRRRe Rt é-’fo(mﬁb ofiRangrgnipkel catalyst
(R-100 sodnit £ DOt uBesd Exy riatitled ®dth doehboaoheh hane ©BD0imlethanol,
and thg Su %né%%dlalgﬁ @Ig%@f‘d](?&sify&gfrf\@(ﬁeft?@?@blﬂi?emﬁ@ﬁature for

dr|e n an oQus sodir.um su e. ter

6 hours ch MR O%EN HAS THIPTRESHENt T RTLIAY RS rjmoved by
filtratsbbverhroesh resbitee, byndishe | ot vent under rerdue@deB0
distilI&E%Fhﬁ@h&é%(ﬁgéﬁébéq%ﬂ@sgufé8?§ @B@&in9§9@4og£(ﬁ€92 mmo1l,

o r e ar ge (040 oun as al e . .
74%) of [HF LAIGELe A SAIDOMIL AT 8 & MR OLL: Tk e oi1.
The thyeRRPFOHSH S FRFIHESE Pl reeed | ¥h. the 099RFETRENVR
reactidrdO0Qitizno GA)e® gyt fllec®dPidnl2 (2H, ), 1.19-1.17

l02251(2H M, 35 1.48 (9H, s), 1.50 (3H, s), 2.13 (2H

us (s 372 BLES e 3 155 (MtBu). [ 0222]

 [0226]

[Reference Example 21]
1-(1,2-Diamino-1-methylethyl)-1-cyclopropanecarboxylic acid

dihydrochloride

{0227]

0 N.H2 HO NH,

:ﬂ/ Me —> Me

0 0
: NH, NH,
2HCI

[0228]

0.82 g (3.83 mmol) of the crude tert-butyl 1-(1,2-diamino-1-
methyl ethyl)-1-cyclopropanecarboxylate was dissolved in
concentrated hydrochloric acid (5 mL) at room temperature, and the
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66 |[Reference Exanple 201 tert-Butyl

1- (1, 2-di am no-| -net hyl et hyl ) - 1-cycl opr opane

carboxylate [0223] 5 OrHETO NH2 xI M M OCNO

NH2 [0224] To a solution (50 nL) of tert-butyl

1-(1-am no-|- cyanoethyl)-1-cycl opropanecarboxyl ate

(1.12 g, 5.30 mol) in 10 ethanol was added a
solutisnspeassbnry8Q at)tbé Rameytampkehtuvacafgst 30Rnif0tes. After

adding "BAHEACEYT £He bYe N KKOn REE2LEREROT 8hEOBo1 #8nflkakNremoved by
oy .1$tganol, and tge S SBenS|on MBSTVI orously stirred at
1sti1 apPReHEF A TPRUFeY DECRBUFS | nFIH dr oy ate
azeotrophospher@lisTheledt wiybt ephsneéndvedcey tei pbrainof-82 g
(3.55 m@@py??35§lbfeth@narﬁﬂ@ §§£§§ﬂtc@ﬁpoﬁﬁﬂDanabyalé4yellow
[ . e )
roun o841 Al] VhUANL SIS BESUELO Ol LD A e

subsequenbr reagtipandpahep® Burthernpurhfidcabi@ined crude
[0229)product was used in the subsequent reaction with no

lH-NMR]E(k%_ %Hﬁuggffg?ﬁ‘ kgﬁmfekpggl?%zgﬁ?ﬁﬁ%?, M Z38 28, o),
1.32-1 443 1138 0y b nb: P be Fgt GEyI P11 L SyaF obtBpafiechr Bokjt o)

3.80 (BEidd, dihydtdchlBdzl de 25 [0227] M2 M2 ~O H2 HOH2 NH2

Ms (ESNHZn2EC 1402@8]4)0.82 g (3.83 mmmol ) of the crude

[0230fert'bUty| 1- (1, 2-di am no-1- 30 net hyl

et hyl ) - 1- cycl opr opanecar boxyl ate was di ssolved in
[Refererpr @%@ﬁ@ %ghrochloric acid (5 nL) at room

7 - (tert eBpesaycH ehomantah o 677 -sothyl oh-aasssiro [2d4 bhepben-4 -one
[023175@NME tenperature for 30 mnutes. After

_ NH, ' -Boc
Hojyf'% e =
Me — —
0 ' ©

N i

[0232]

To a solution (70 mL) of the crude 1-(1,2-diamino-l1-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 oll bath at 100°C for 4 hours under nitrogen atmosphere. The
mixture was cooled to room temperature, and after adding methanol
(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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addi ng water to the reaction solution, the solvent was
removed by distillation under reduced pressure. The
resi due was azeotropicallyydgistilled with ethano
(twice) to obtain 0.82 g 5 (3.55 nmmol, 930) of the
crude target conpound as a pale yellow foamsolid.
The thus obtained crude product was used in the
(50 mLsubaequédedreacthba weabthonfumikberepuanfli thei nhxture was

extract Zalth Ehf@@bfépﬁ o HEBQDE8 RN IrigD-da ié*iayers
were c? ﬁ$8 ég r%%glwagiﬁanﬁzérauﬁt?od1§%86u%ggff; Zghe

de8810481ﬂgFagenwew@Esr¢mnvgd @59f€L®F9¢10n[DBBQPQPREféh@ﬁEeSIllca
gel coﬁﬁﬂﬁP'ﬁnazihé5solvent was removed by distillation under

ter t oxy.car Ia
cesuced,[LEELSEALOVEBINAN ole GBS Sl ERIAI2 Y e
resulting NSURPRRFHL PP waﬁcfl}‘egegqi tQOO%a%ansépﬁt'inﬁn (g76°npuyol, 2
steps, 00t heoErtude fatdel- doapobnndl agebhyhite powder.
[0234Fthyl) 1-cycl opr opanecar boxylic acid dlhydrochlorlde
800 3.46 mmpol) in acetonitrile was add
"H-NMR 1(400] %r3C%%%dﬁkﬁﬁyldl§lﬁazﬁn§2 ((FF38 Ty, Q&@ﬁil 04 (2H, m),
1.16- 1nﬂ®|}1Hanm the. 28 x{3He shs heddedHndel,raf2Puxlin dand =

10.3 u#j ! baib @1H10Q£:f@r6§ hOHT SpHBFer sNahr 0gRN brs) .
MS Esf} rm/s]g LlregeE Qﬁqt i xture was cool ed to room

tér addi ng nethanol (70 nL), the
[0235holvent was renmoved by distillation under reduced
[ReferPh€6 SEkLmbDe OPLRI N crude

75-BeanI§$1Pgegﬁn@ﬁggﬁyéafﬁ&ﬁfiéﬁigoﬁl?eﬁééﬁyf 50neé as a

e brown gunmy sot rd. VM5 (ESH—mz—1T41 (M+H) + 30

azaspir@pasi] Pt @R~ ¢ RYRE obt ai ned crude 7-ami no- 7 met hy! -

0236hzasp|ro[2 4] hept an- 4- one were added 1, 4-di oxane (20
m.) and di- tert-butyl dicarbonate (1. 528 g, 7.00
nmol ) at roomtenperature, and the m xture was
stiHI§% at the tenpengbgge for 5 hours. Water 68

Me Me

0 H' O T\

Ph

[0237]

To a solution (65 mL) 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 —
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(50 m.) was added to this reaction m xture, and the
m xture was extracted with chloroform (100 nmi. + 50
m.) . The organic |layers were conbined and dried with
anhydrous sodium sul fate. The dessicating agent was
renoved by filtration through a short silica 5 ge
columm, and the solvent was renoved by distillation
4:1 — under to eshtceich pressur e( 1 #t hydeel heys MWasohdded tarddie
compouﬁésagus c@Déﬂ@@s Eﬁéﬂé#éﬁgnﬁu?ﬁﬁﬁ@ go1vas filtered to
0238ﬁ btain 502 ng . eps, 6096 of the target
onpound as a mhlte powder. [0234] 10 'H NMR (400
"H-NMR M4Q0 QDCA.3) @@hshd ®pRiz- 00826C0HS1N)(1H), 9d-,1. VA Y-2H06 (2H, m),
1.21-10%9 MHM&LZBﬁinH)mL2818W1m d143(9m3ﬂm 3.92-

3.98 (gH nf c ézg?lQlﬂ 0.3 Fhégsﬁ)%%f(lu1§g9 Q3(%ft~ 14.6 Hz),

4.56 Férzs%afShs TR%?E?e?ﬁ%e Blapl e 231
MS (ESSB} Benzyl -331( t @##)But oxycar bonyl ami no) - 7- net hyl -
O239]azasp|ro[2 4] heptan-4-one [0236] HH Noc N-Boc M
20 [0237] To a solution (65 L) of
[Refer?n??e$¥a%%{%x%{£rbonylan1no) 7-
(-) -5-Bentyl - b= frexhipotoxyidaepeayilamnbne) ( 3-motlylid: 97

azaspif®Pl)4] mepﬂaﬂve; hyhé omatm( dp 5%?@@;@7 bat brwas

butoxyd AN AT T
ThHe Pseue %f%m# r e%?%%ﬂh’é- Eaiet TRwpR¥uERFRORBamino) - 7-
methyl4EL&m£mpE50EBe@kNéptHMHﬂd@nélpﬁﬁduotd 15. Béferehde WAsSample

(2. f@g ed, angh ﬁ$@1ﬁ1iiirépMﬁéafiyrf@Qo?%e&°9ﬁ1an optically

active (ﬁ(gﬁfﬁr at g@gm%%x m Xt.ur € was

r eact
38w nFiet 508 255 My ieg R
i sopromyl () ovhads Yashed Weh vater 2000LAMLRUDS; aresolution, 50

mg per SAIMY aﬁ@cbbt?é}li«@ous S@llb'éﬂl;@ﬁlo'f se&t-tinbEhbey e debddPlamino) -7-
T e
time —fTIQr@&mQ#ﬁSthéub% veﬁtlﬂé%f%eﬁﬁvedObQSOr Chlor@form)) and

(+) -5-benzyl-7- (tert-butoxycarbonylamino} -7-methyl-5-
azaspiro[2.4]heptan-4-one (957 mg, 2.90 mmol, retention time =
11.3 minutes, [a]D = +108.8° (c = 0.249, chloroform)).

[0240]

[Reference Example 25]

(-) -5-Benzyl-7-{tert-butoxycarbonylamino) -7-methyl-5-
azaspiro[2.4]heptane

[0241]
H H
N-Boc N—-Boc

I5e — T
e r——
i 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,
2.88 mmol) in dichloromethane at room temperature was added
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di stillation under reduced pressure. The residue was

purified by 35 silica gel column chromat ography

(hexane : ethyl acetate, 9970 -3 69 4:1 -3 2:1) to

obtain 4.20 g (12.71 mml, 9800) of the target

conpound as a colorless transparent gumy solid.

[0238] 1H NWR (400 MHz, CDC13) 5 ppm 0.76-0.81 (1H
trifluayea®e®Be 1a0bd( 2H, 5npl.) , Said2ihé . @9x{dre whs $C3¥réQHat the

‘same t&h e§aﬂﬂ‘ré 1ZHDI‘ dg o Imtndesd. Hiphe 3 DchO8idd HredBved

= 14.
aise i1 {afrof ylasy Sadyb) plenbfell ey o F A ety ™
dlStll%Angthe %@Q@Q}oqow{t@fé@bn%@eEk@wpc@ 24yaturated aqueous
solutién)ob- Bedzyh - Hyﬁf@gén@m—my@@é boayl@n) Neas 7a8@eAY| ahd the

solucigf il hericted nﬂm- HeRfosi e 4Bl afi:
organl%n%aj%%sr%%%%1%o @f and drled wi anhydrous sodium

sulfaté: béﬁtﬁr'kdﬁdﬂﬁxﬁdﬂﬁxyﬁﬁmbmmWﬂngrH@edt1$5f11tratlon the
solven@E&leréh@¥@§pbrQﬁgséifoEﬁ&n4u§@§rpf@@ﬁ@@@ bPessure The

residug it +%,S?Efé%%?wera LR AL W s TR

stirrifCHRALFRAKADN 200 nam di @én bxt2501 Fplpiwexakeninum hydride
(218 md SOP!I POYhmed CoRDd , a @ d Oto fhiQW sl € icf), MNdhd fblé €solution

5
was St{ﬁégé%%enz ? %%T%mkéﬁinﬁoxycar%onyf'ﬂbur‘ '%%ﬁ?r addlng
anothewmtl@aa%sﬁ%{%nﬁ Hapt o 40 m@l@@gw%@ ng, 02- fhogrmel)
and stifﬂfmgltﬁe SOIEtroﬂ'itrmwmmeﬁem@e&ifﬁké.ﬁoﬂlﬁ ® fours, the
solutléhjégk c*ﬂater 31 mL _aqu g*s solutlon

UtOX on 0 -
of sod Qiﬁhgét%:{] o‘nea tﬁﬁf/ g&‘n carefully

added mtt‘dms ow:de:ﬁ:e The] re®utitimoe i qtalre w%lwlafr(ad overnight
at room. t?él'gaeﬁﬂﬁé)f dad v2§tlﬂ Q@éﬁei:ﬁﬁﬁ eé@maec&xm 951215:] ected
to fllérgtlcmFQ?éQ%H#%(%gilt%) C%gg%%%g%ﬁ\%%@ 4&?&% ﬁﬁed under
reduceqjg;qsqn;e[qEz tain the crude 7-amino-5-benzyl-7-methyl-5-
azagpiro[2.4] heptane ag a colorlegs transparent oil. The thus
obtained crude product was used in the subsequent reaction with no
further purification.
[0243]
'"H-NMR (400 MHz, CDC1l:)® ppm: 0.37-0.45 (2H, m), 0.56-0.66 (2H, m),
0.96 (3H, s), 2.48 (1H, d, J = 9.0 Hz), 2.55 (1H, 4, J = 8.8 Hz),
2.74 (2H, 4, J = 9.0 Hz}, 3.59 (2H, s), 7.21-7.37 (5H, m).
MS (ESI) m/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
gtirred 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 :
methanol : 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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To a solution (15 nmL) of (-)-5-benzyl-7-(tert-

but oxycar bonyl am no) - 7- et hyl - 5- azaspi r o[ 2. 4] hept an- 4-

one (950 ng, 35 2.88 mmol )71 n di chl oronet hane at room

tenperature was added 70 trifluoroacetic acid (7.5

m.), and the m xture was stirred at the sane

tenperature for 40 m nutes. The sol vent was renoved by
[0245]distillation under reduced pressure. After

14 -NMR g&% NPl Ca(':ﬂ)é’ H i g, @h% 38| Lttlll-lonén SOE 19 yeng (1H, m)

d e ol n iu
-63-0 glrgg%nc‘& %g %gng'jﬁwa‘ﬁadg o0 & TEIE A
.44 (Was @xtJaet%dSMth chi ©P of BEm €100 L9 +52H%) p02nBY. (1H, &, J
g.8 Hhp, organicul ayersawere(copbgned, zand. dritgd, wveths (1H, 4, J

dr pus. s | fat r nmoy{ ng the
13. 23€2Zlc§t?n Pfﬁé”% %5 f?l Pz ?]%ﬁ (§%é ﬁ{L,olvent was
MS (ESEbnpied By di @B ati on under reduced pressure. The 10
[a]p2® resi-dge enascdi ssol yed ¢nlbebfahydrof uran (30 nL), and
[024GVMiIe stirring the solution in an ice bath, [ithium
| um num hydrjd (218 nmg, 5.74 mmol) was added to the
ERefer%%?%t?%ﬁﬁp %dzﬁﬁe solution was stirred at the sane
(+) -5-Benpet af ufeeforbut droyearpdnyl amtnkd hg7 -m@bevierSporti on
azaspifb 214 hept ghatm num hydride (109 ng, 2.87 nmol) 15 and
[g247pLiTring The solution at roomtenperature for 2.5
hours, the solution was ice cooled, and water (0.31
m.), 15% aqueous sol ution of sodiun1hydroxide'(0.31
m.), and water (0.93 nL) were carefully added in this
or@h The result'rmﬂrgﬁ;ure was stirred overnight at

lIl\JO

ﬁ eterrperatur dyi wi th magnesi um sul fate, and

supj ected 20 to filyration through celite. The

8] jltrate was concegtrated under reduced pressure to
tain the crude 7{am no-5-benzyl - 7- et hyl -

az&pi ro[ 2. 4] hept ané’as a col orl ess transparent oil

The thus obtained crude product was used in the
[0248lsybsequent reaction with no further purification. 25

THR 43} o ddudR & Kk e n DGR ppm 5 Owa’:’g e e by using
2P ) iJgL d, J =
(+) =5~ ﬁ@nzﬁzsﬁ g:@:.ﬁc lgLHlO carlgoréﬁlé of "r'zlrge
azaspisg (p ()iei a4 e o)950 T 12 558 (WPLhy £ bty jerude 7-
amino- 3ﬁben2§ﬂ%1+w¢ﬁhyl Eﬁnqispwqoﬂ1uﬂkhemm§ne as a colorless
transpé%éﬂﬁf&&ﬁ benzyl 7-met hyl - 5-azaspi ro[ 2. 4] hept ane was
[0249§|ssolved in dichloronethane (15 nlL), and after adding
i- tert-butyl dicarbonate (1.255 g, 5.75 mmol ), the
'H-NMR ni400unBlava s D&Ys) Br simat £ odir 0 efibedaHur @) f 00 - 22 -Ro§6s. (2H, m},
0.96 (3Ehe sl vents wasH f ebpwed= 9.0 Hz), 2.55 (1H, d, J = 8.8 Hz),

2.74 (2H, d, J = 9.0 Hz), 3.59 (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 (1.985 mmol, 3 steps, 69%%) of the target
compound as a colorless transparent gummy solid.

[0251]
‘H-NMR (400 MHz, CDCl;)é 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 (9H, s),
2.44 (1H, 4, J = 8.8 Hz), 2.59 (1H, 4, J = 9.5 Hz), 2.83 (1H, 4, J
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35 by distillation under reduced pressure, and the
residue was purified by silica gel colum
chr omat ogr aphy (chl or of or maget hanol : triethyl am ne,
98:2:1 -* 95:5:1) to obtain 586 ng (1.852 mmol, 3
steps, 64% of the target conpound as a col orl ess
transparent gummy solid. 71 [0245] 1H NMR (400 MHz,
= 8.8 EBCI3}83ppMiHD. @D; 03457 (LHI, ¢, 0.5019.35H¢NH, 3n$8 (1H, d, J

_ 046 8 8 H , .20 (3H,
- 13. 20H§§ 4 695 (14, n%rsp 19’90’5 ﬁi é5ﬁ) nt 29 gg (1i3 0

MS (ES —més%])s)‘i” (1H d. J5=88H) 333 (1H m,
[alp® '3=5F761R° ¢¢ I3 &.2302 en;@refﬁsmllH d, J = 13.2 Hz),
(0252%. 75 (1H, brs), 7.20-7.37 (5H, m M5 (ESI) mz: 317

EReferf%gg% Xi%ﬁ%%?? fenceegxg (Fezzgilzg’ chiorotorm

(=) -7- (here-Brroyycyrpery ahinelyfaPrdblayl aki #83spineifytlBeptane
[0253mzasp|ro[2 4]heptane [0247] N-Boc N Boc OwveMe 1-t IN
Ph I Ph 15 [0248] The procedure of Reference Exanple
25 was repeated by using
-(ﬁ)-S benzyl - 7- (terﬁ but oxycar bonyl am no) - 7- et hyl - 5-
agawpt r o[ 2. 4] hepi ami<4Boene (950 ng, 2.88 nmol) to
i n crude 7 Me
1 no-S5=benzyl - t hyl - 5-azaspiro[ 2. 4] hept ane as a
Necol orl ess transpﬁrent oil. [0249] 'H NWR (400 NHz,
13)8 ppm 0.37-0.45 (2H, n) 0.56-0.66 (2H m,
0786 (3H, s), 2.48 (1H, d, J = 9.0 Hz), 2.55 (1H d, J
[0254] 8.8 FE) 25 2.74 (2H, d, J = 9.0 Hz), 3.59 (2H, s)
MS (ESI niz 217

%21 i (BH&%E b‘%rﬁﬁ‘{bz Eﬁri%-ka%lvil:{%yc%l[bonyiamlno

7-methyl-5- azasplro[z 4]l heptane (581 mg, 1.836 mmol) in methanol
{40 mL) was added 10% palladium-carbon catalyst (M; water content,
about 50%; 349 mg), and the suspension 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
{guantitative) of the crude target compound as a colorless
transparent gummy solid.
[0255]
'H-NMR (400 MHz, CDCl;3)8 ppm: 0.38-0.43 (1H, m), 0.55-0.60 (2H, m),
0.74-0.80 (1H, m), 1.08 (3H, s), 1.44 (9H, &), 2.75 (1H, 4, J =
12.0 Hz}, 2.77 (1H, 4, J = 11.5 H=z), 3.13 (1H, 4, J = 11.5 Hz)},
3.75 (1H, brd, J = 12.0 Hz), 4.44 (1H, brs).
MS (ESI) m/z: 227 (M+H)'.
[a]p®®t = -63.5° (¢ = 0.277, chloroform)
[0256]
[Reference Example 28]
(+) -7- (tert-Butoxycarbonylamino) -7-methyl-5-azaspiro[2.4]heptane
[0257]




azaspi ro[ 2. 4] hept ane, the procedure of Reference
Exanpl e 28 was 30 repeated to obtain 629 ng (1.985
nmol , 3 steps, 690) of theqgarget conpound as a
col orless transparent gumy solid. [0251] 'H NWR (400
I\/Hz CDC13) S ppm 0.40-0.45 (1H, nm), 0.50-0.55 (1H,

, 0.63-0.69 (1H, m, 0.80-0.85 (1H, n) 1.20 (3H,

s) 143(9H s) 35 2.44 (1H, d, J = 8.8 Hz), 2.59
( Hz) 83(1H d, J72 = 8.8 Hz),

1H n) J = 13.2 H), 368(1H, d,

47 'ﬂ'ﬁH brs), 7.20-7.37 (5H, m). MB

SI) mrz 317( ", [a]D25.1 = +76.2 (c = 0. 290,

th oroformp 5 [OB52] [Reference Exanple 271
(Ph-7- (tert-Butoxycarbonyl am no) - 7- net hyl - 5- azaspiro[ 2
4] heptane [0253] HH NBoc NNBoc N Boc N-Boc N N
[0258]H 10 Ph [0254] To a sol ution of
To )a Ssdlanzidn of t eF it -Dleneyelar bod i Mmexycarbonylamino) -

B} et hyl =5 P epspPeyd S8 8B {AMhdthanol
7 methg%r@m{%%sf%}% 4][71}? V\g‘]é@agé % J&mmcar bon 1o
5 (40 mblgpag aidgm* Uk WG %b?ﬁf? HRHST affrent

about 50fe; sifEpens) ,oramvhstm |3u@£m1¢mm5t@rm%\d uarie Ifcmm
tempergt@r@%ls ) Q%J\i[]?é O:EErh eétﬁnoﬁﬁ@r!‘e I enP ey refring the
iltration LS, reane Y.
cataly gl (1T 41T BFtndErs rRRLE oot o 45 it W opss Fuced
pressuyg uantoRaived5Hfng h@l@@@e‘—%‘%ﬂ‘g@t %%n‘i)‘%rﬁjf%e atarget
10 compour®d| L | £ 550 Lh) 1 & 6 Sdredtha - HBTV  Sdhyr dsol:[cﬂ)255] " H NVR
[0259}(400 VHz CDClS)S ppm 0. 38-0. 43 (1H, , O 55 0. 60
(2H, , 0.74-0.80 (1H, ng 08 (3H, S %
'H-NMR ga00 (g.q)CJd)SJpgm 0939-Pp43 31Hy ik, od55J =60 (2H, m),
0.74-0.J40 5(HE,) m)3. 1B8. (AH3H, ) ~ ]114‘5 fﬁi,, 25, 32785((11-3{ bd,J =
12.0 HZ) ZdHP Ha, & 44 413}1.%3@15))-, Ma{ESH, Mz:522711.5 Hz),
15 3.75 (IH, ¥rd, J = 12.0 Hz), 4.44 {(1lH, brs).
MS (ESI) m/z: 227 (M+H)*.
[a]lp®®* = +59.5° (¢ = 0.185, chloroform)
[0260] '
[Reference Example 29]
20 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

[0261]
O ' 0
F COOBF, F COGH
N + F - N
H OMe LF D?’ OMei,F
Boc
25
[0262]
The crude (-)-7- (tert-butoxycarbonylamino)-7-methyl-5-

azaspiro[2.4]lheptane produced in Reference Example 27 {434 mg,
1.836 mmol), 6,7-difluoro-1-[(1R,2S)-2-fluorocyclopropyl]-8-
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[a] D25.1 = -63.5 (¢ = 0.277, chloroform [0256]
[ Ref erence Exanple 281 30
(+)-7-(tert-Butoxycarbonyl am no) - 7- net hyl - 5- azaspiro[ 2
.4] heptane [0257] 73 N BOC N Boc M M N N Ph
[0258] To a solution of
(+)-5-benzyl -7-(tert-butoxycarbonyl am no) -
me t hoxyr~Invet il hyitrar-as ol ] Thiepst -ene (r@R0&yritghc BaGi8l ol )
dlfluofdbd?arh%zﬁdgﬁe}& 4% d8-Imghest adde Gk, p%lﬂ@dﬂﬁratqgrlmne

(0,768 i i it o€ ¢ el U S0Uk5RI S, PLopBide (s mu

and thehouinsune ey egeirraEdrdspher @ilAfedh randd®Agfore14 hours.
To the GzAlti®n wibe 8@ Vette WaRIdE M Ve sd1sidildrat {3 mL) of

ethanol! %%[ m{atec%[ (Cé) l,%fn%tsur%,t IObt a' tdé%gi rEQ:lethr}/ amlne {5 mL},

uanti e crude targ compou

and thecmlcfrut@fgs waysa fsgdrash fungflarmr efgiuzd in [eopsgil mqiuvﬁt( Ag®°C for
2 hoursaVHz Th€DER3r6ippmMmi@rdBeOwdd €Chen nppncenbbaBe@O0ufdklyr reduced

pressuf@* aﬂ&.%% fggﬂéHé JQS ol 28,160,303 fﬂ’eﬁhy%1déaﬂa 200 mL)
and was§1 (1f|l‘|1 1(9 fq_u%.lss L?t:bfgl §f7%31(tf|;td ﬁl’cd'd (]S_O ng) water
(50 mL kiz)2) ,4a4343. SHHLted aquesUESISP wtAd.orp (aqdq)um chloride (50
mL) . Thal B2gakic 1aPe? (Es=dPid85wichl anni-arths EBA6Qh sulfate,

and the%%?:&e%tence ar%?\‘!ograr%ﬁ]bf%lstlbl 1ont H:queg aZeduced pfessure

ert - But ox ["am no aspirof
to obtahénlamas-(1.676 mmol 91 the crude target compound as

a yellow [fc@nf lsawaria.l - [ (1R, 2S) - 2-f | uorocycl opropyl ] - 8- net hoxy
[o263]- 1, 4- di hydr o- 4- oxoqui nol i ne- 3- carboxyllc acid [0261]

COOBFZ COON BOCHNl + F'~NH CN[F CW@ L F
'H-NMR Nﬁ|09~MHz, CDCl;)06 ppm: 0. .60 (1H, m), O. .73 (1H, m),

0.74-0.80 (1H, m), 0.92-0.97 (lH, m), 1.22 (3H, S),-l.40 (9H, s),
1.43-1.59 (2H, m), 3.13 (1H, 4, J = 9.8 Hz), 3.60 (3H, s), 3.75
(1#, dd4, J = 11.0, 3.7 Hz), 3.85 (1H, dt, J = 10.2, 4.5 Hz), 4.18
(1H, 4, J = 10.0 Hz), 4.47 (1H, m), 4.62 (1H, s), 4.79-4.99 (1H,
dm), 7.83 (1H, 4, J = 13.7 Hz), 8.68 (1H, 4, J = 2.7 Hz}, 14.88

(0.7H, brs).

MS (ESI) m/z: 520 (M+H)".

[a]p?® ' = -128.5° (¢ = 1.240, chloroform)
[0264]

[Reference Example 30]
7-[7- {tert-Butoxycarbonylamino) -7-methyl-5-azaspiro[2.4]heptan-5-

y1l]l-6-fluoro-1-[(1R,28) -2-fluorocyclopropyl] -8-methoxy-1,4-

dihydro-4-oxoguinoline-3-carboxylic acid

[0265]

F. COOBF, . F COOH
BocHN‘Z—? | |
+ F ’ 3 _ N
ﬂ OMB? F F

[0266]
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BOc 25 [0262] The crude

(-)-7-(tert-butoxycarbonyl am no) - 7- net hyl -

azaspiro[ 2. 4] hept ane produced i n Reference Exanpl e 27

(434 ny, 1.836 nmol),

6, 7-di fluoro-1-[ (1R 2S)-2-fluorocycl opropyl]-8 74

nmet hoxy- 1, 4-di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid -

The | povoddnon cbnpdBor€1668 Frgamdl 83569 nmad ) repericed by using
the crﬁééethyl@HY@@rt(Qu€§§y831b§n§ﬂ§hﬂﬂgi)7mﬁé€h915§0|Ved

t | f
az25p1 4017 BIPTRERIE OFTOBATH abh AREPERSG SSUPRLE 6280 (1FR, 0.
1.981 meakl i ardné xT vl Weero atide1R, 28 kedl- Ebhereric{sprapyl] -8-

methoxpii, @Iﬁﬂﬁﬁ&r@ﬂﬂ Mﬁigﬁlﬁ@lﬂﬂéoi -caMBdeylid: d¢iand

dlfluoéé%ﬁgg% %g%éﬁé§g a OI? bat%gftﬂ%ﬁ%yr?omgéEgﬁ%tdeOT% (1.925

mmol, PTHEtPHntRE xETHES WeRT IPenCRBPREHE raf ol YRHEPY r BoRE et L
[0267mressure and the residue was dissolved in ethyl

y- NMR.@%ﬁF ick 099§ﬁ%p g mand “%%nﬁ 6$”tEH10 aq%e%%so g0 2H m) ,

0-o1-0 31t L0 ol ot S (s0nE) - ygler, (st 16l
3.04 (¥H).dThe orbam d—lzhyei* Gas (i ex) wi 3 BRNAYEr odd, s@d?uh@ 7,
4.4 HZ§U|§3$¢T3 and(ihe &pl venbavwasur eapved-by @i st)l | at.iuen (18, m),

e ce P to; obt n, ng, (1. 6
4.65- 4;% (2 e g7rugol:F ?argecii corrpoﬁénd 2%9 '158 a—}L‘5 Zf%{/rvr?oam
MS ES%)olmzaz [@2@3](1*4*&# NMVR (400 MHz, CDC13)3 ppm 0. 55-0. 60
[a]p2 1 (1H:18E.29. 68-D. 73 {dH, cBﬂoroﬂ;Frﬂ)-O 80 (1H, m,
[0268]o 92-0.97 (1H, n), 1.22 (3H, s), 1.40 (9H, s),
1.43-1.59 (2H, n), 3.13 (1H d, J = 9.8 Hz), 3.60 (3H,
[ExamP]sS °B.75 20 (1H, dd, J = 11.0, 3.7 Hz), 3.85 (1H, dt,
- (7-Agino IR t iy b HE zas s [ 14 hebtan =5 49l - ¢f ludra7l -

[(1R,2éﬂii—ﬂmuofbé¥%iéﬁio§91]!bJﬁé&hé&&(ﬂ¢t—d£ﬁ@dr5~§3 (1H
0 s 13, =), 8. 68 (IR d, J = 2.7 Fz), 14.88

OXOQUInQYLIRe -3 Carb 519953 7. 520 (MPH)©. 25 [a] DR5-1 =
[0269].128.5 (¢ = 1.240, chloroform) [0264] [Reference

Exanpl e 30]
7-17- (tert But oxycar bonyl ani no) - 7- met hyl - 5- azaspi r o[ 2.

[0270]

The 7-[7- (tert-butoxycarbonylamino) -7-methyl-5-
azaspiro[2.4]lheptan-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 agqueous
solution of sodium hydroxide was added to the agueous layer in an
ice bath to adjust the pH to 12.0, and the pH was further adjusted
to 7.4 by adding hydrochloric acid. The solution was extracted
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OO0 F, COOBFZ COOH BocHN + F\ /vim(/~INNH
OMOLF X OMLF NH LC [0266] 75 The procedure of
Ref erence Exanple 29 was rggeated by using the crude
(+)-7-(tert-butoxycarbonyl am no)-7-net hyl -
azaspi ro[ 2. 4] hept ane produced in Reference Exanple 28
(452 ng, 1.981 mmol) and
with a Gypizeti fdalortobdn [ (IR Q) EQed | uonetyatobr opyi 1) 8¢2® mL x 2),

and thdP! st hudedlt slror %P@Mﬁl&i | A3 £ DOx0A i i d

| b
(Chlorolé uoro g OC]rrm) % of tHe c%&eotrg)raﬁlétc g%&ﬁna’ere
combinegd am@eizim Yol sanhsdiroqs)%ﬂlwwma(t@o ang the solvent

was rend¥%eld)Sy fBt 0L 6500 Ghld, a1 heb8rals @&rﬁlﬁedﬁby 10

recrys?%%%g:r% %}Lometﬂség%ln( 33}1}_? sﬁ%}le rfl)psl%;ﬂgé l_‘g%re d%Jled under

reduced gFesFures twy C(qq.;?.ll’d(ﬁll%] m_g 104 f;35 AP 7 )92%) o 4l title
compour(dllﬂ,s r@,pa@.erpJ(riﬂHpcdﬂdek— 9.8 Hz), 4.46 (1H m,

% % I\/IS(ESI) mz: 520 (MeH)'. 15 [a]D25.1 =
mp: 195713803C(c = 2.230, chloroforn) [0268] [Exanple 91

[a] n** 17-(¥4$\n8?10(c7 :ms‘lrﬂy47,5 {hZ]a%mraQI{)Zﬁ 4] hept an-5-yl)-6-fluo

H-NMR QDb MHz, O. lN NaO m' O 49 {2H, m) 0.67- (2H,

1 S) 2- fI cy, h r
m), 1. ]Z’é) @x%’qw)rfol gL cegirb I | c ‘acl ?6[ %915) gi h%éj P ﬁ
m), 3.%806H ¥ 3N ﬂaavéLFBOrtSZ ~(H NHfNH’Q GEEoleEozim]st 13.9
Hz), &8.Hwe (H,7-)t.ert-butoxycar bonyl am no) - 7- net hyl -

©1 ement3435 Rid0h4& 14 et a0 8; ¥k § ! ¥8ELork-d (sERo2S) - 2-
Calculated: C, 58.37; H, 6.20; F, 8.21; N, 9.08.
Found: ¢, 58.23; H, 5.9%; F, 8.09; N, 9.02.
MS (EI) m/z: 419 (M%).
IR (ATR): 2964, 2843, 1726, 1612, 1572, 1537, 1452, 1439, 1387,
1360, 1346, 1311, 12%4, 1265, 1207 cm™*,
[0272]
[Example 10]
7- (7-Amino-7-methyl-5-azaspiro[2.4]heptan-5-yl)-6-£fluoro-1-
[(1R,28) -2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

[0273]
o o)
F COOH F COOH
| |
N - N
OMe F ﬁ%g;l omei F
ﬁH L NH,
Boc :

[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-flucrocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid produced in Reference Example 30
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fl uorocycl opropyl ] - 8- met hoxy-1, 4-di hydr o- 4- oxoqui nol i n
e-3- carboxylic acid produced in Reference Exanple 29
(870 ny, 1.676 mol) was dissol ved in concentrated
hydrochloric acid (10 nL) in 30 an ice bath, and the
m xture was stirred at roomtenperature for 20
m nutes and washed chloroform (20 nL x 5) . Saturated
(1000 mguebu32s sohal} onoobbsailnuét Aydgoxi de4dasmadllded0td thethe
title ousal ayes bﬁlénplhﬁe?Q@&Qr!P adjust the pHto
[0275ﬁ2 , and the pH was further adjusted to 7.4 by
addi ng hydrochloric acid. The solution was extracted
mp: 2I26-2Mi°Ch a m xed solution (chloroform: methanol,

[a] 52°-11Q: 1)1262@0 b X g)iszand. ieRaomi th [ower |ayer of a

d I t h f
o [ M g Gt SR b é 675 0Bt e Cotoy ed2ng™ ¢ 197
SHrlédﬁ%w¥h6%nh%%ro%é s%d?%n{% @t et anHOt%eH§va%n§253-56
(lH mWas3 resoved, by) di 3t7s| atHpndd The £esddoe 2as Buaiifdedls (1H,
4, J by or@ﬂy%aéél;aéaomﬁrqm ethagels gpd ihe mystya&éﬁ (1H, 4,

dried un r educed pressure to obtaln
= 14(ﬁ %%% ot > g%@@ B -the title conpound as a pale
Elementplrl}k m\blHlS [ 027 1§2:HAF ipQs 199 ER20UC - $BID25. 1 = +40.8

CalcliGtedd. 147, 58. 2N, NaOHy. 33H NVRg(460 MHzg. @61N NaQD) 5

p 9- H 6 (2 . 1.12 . (3H,
Found} Ile1 ié 99 o (é 13m) Fa. @65F3H& )(:’ H@ '59-3. 71 (4H,(
Ms (EI)n)m/zs 9414, o@ﬂ§1H m). 4.80-5.03 (1H, n), 7.65 (1H d,

IR (ATH) = D3.79,1%848),, 18245 (1H14,5)L578 eman7ar yL 46/ yisixo f dr3sg,

1360, %931?1\4?0419967551%0 Pf@ 1534 cypated: C 58.37;
H 6200 F, 821 N Found: C, 58.23; H, 5.99;
[0276]F g 09: N 9.02. M5 (EI) mz: 419 (M). 20 IR (ATR):

[ExampBQGHﬂ 2843, 1726, 1612, 1572, 1537, 1452, 1439, 1387,
(7- Ar&ﬁwﬂﬁ’:él@lyﬂﬁsuazé@;%r 1265} hdPan Co k1 ) [ 28 2horo-1-
\npJ e

[(lR,2 A oro clopropyll -8-metho 4-dibydror4- 6-71 uo

oxoqulnqﬂ4ngﬁ$ carboxyllc a01d'hydrochlor1de

02771 (1R, 2S) - 2-fl uor ocycl opr opyl ] - 8- met hoxy- 1, 4- di hydr o- 4-
oxoqui nol i ne-3-carboxylic acid [0273] 0 0O F I COON F

/ COON 11
0 o
F « .COOH F . COOH
| |
N - N
OMe E ‘ E%S;J OMe? F HCl
NH, NH,
02781

7-[7-amino-7-methyl-5-azaspiro([2.4]heptan-5-yl] -6-fluoro-1-
[{1R,2S8) -2-flucrocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid in which configuration of the amino
group 1n 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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NI Owe~F ONH NH2 Boc ' 30 [0274] The procedure of

Exanple 9 was repeated by using the 7-[7-

(tert-but oxycarbonyl am no) 7g- net hyl - 5- azaspi ro[ 2. 4] hep

tan-5-yl]-6-

fluoro-1-[(1R, 2S)-2-fluorocycl opropyl]-8-nethoxy-1, 4-d

i hydr o-4- oxoqui nol i ne-3-carboxylic acid produced in
thoughlReftererce tExamylsca3Q 7Zft¢10801oging. 825=skanb) atoroom
tempera‘%*?ltr@ 549 Mpulrl UL s:taqg;o)we@ce tclaﬂletdﬂe]@ }:ﬁprﬁ?@#’ﬂ:@tlon,

an wasipf 131 gt 0 Meting 95 O TRnedy Wit (e - e
crystalipHwere. tmemagmpsdpymda@ 52AmEd BEesBUEE @Q4Ohﬁﬁlﬂlﬂhﬁ

title Wi 1b.42- & 6427(2HmodL, 345 GHHa diellcw Hdwdidiz) ,
‘027973-52-3.56 (1H m, 3.55 (3H, s), 3.73 (iH dd, J =
10 0, 2.2 Hz), 3.85 (1H, d J =9.0 Hz), 3.99-4.04
mp: 22@1328ﬁ$ 4.82-5.02 (1H m, 7.64 (1H, d, 10 J = 14.4
[a] 2%t HZ) 34 B. 85 (C1H, 0478 emam apmnal ysi s f or
1H-NMR gzégﬁ§§%“38”1& ﬁ§b§*§6p3590 0, £§'8“ % SgH 58 Z%VFH 76 (2H,
m), 1.1g dgH.\S)g. g243n8 -Cd ) 2f M 41& |ﬁ) SR EA? ~3.71 (4H,

m), 3.929R0042848, 7264 .86L5, 0B571H,1507, 71552 (1H439,, 1389,13.9
Hz), 8. 4@6QQH13@4 1317, 1296, 1265, 1215, 1203 cm 1. [0276]

a
Element%r nﬁﬁﬁﬁgl? %th§?ﬂ%3a%é%ﬁl gﬁjﬁ?ﬂeptan ylz 6-fl uo
Calcul@tgdgoc 53.22; 7.48.

Foundf (IR, &3) -6 f IHJ,orBJGyL-I anr opygq a9 met oy - ¢14 Hiswydr o- 4-
[Ozgo]oxqu|noI|ne 3-carboxylic acid hydrochloride [0277] O
[Examplﬂsz% 1 ODOH COON NI N OWwLF NOw 1 F HO NHZ

7-(7-Amino-7- methyl—s—azasplro[z.4]heptan—5—yl)—6—f1uoro—1—
[{1R,28) -2~fluorocyclopropyl] -8§-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid hydrochloride

[0281]
o 0
- |
. N - . N ‘
_ OMe A\ F OMGE F HCl
NH NH, '
Boc
[0282]

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 in which configuration of the tert-
butoxycarbonylamino group in the substituent at position 7 is the
same as the one produced in Example 9 (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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25 [0278]
7-[7-am no- 7- net hyl - 5- azaspi ro[ 2. 4] hept an-5-yl ]-6-fl uo
ro-1- [(IR 2S)-2-f 79
| uor ocycl opropyl ] - 8- et hoxy- 1, 4- di hydr o- 4-
oxoqui nol i ne- 3-carboxylic acid in which configuration
‘ of the amno group in the substituent at position 7
temperasutdée Saoprasyl helooeoB0(produledas naddadpl et (@.cﬂ:?ion

| t |
reseer S R ch SRt B D R
stirred,a SURPRRSTOIRP T3 T 3bh f%ﬁpje? a‘?‘a?]és | éb%ﬁﬂpl ted
crystabs cv@eh:oeh c¢l1Boched bmsfiherabided, andhdafher nikr udeyiag for

severaﬁth6u§§t|?h% M@%@Eal@?&@r@}dﬁﬂ@ﬁf@ﬁdéﬂnﬁe?u@@d %éésure at
Itate u eri.a ur Q .
so°c e i g G Vel AEe staa o oA i aRpd s a

yellowfppwdehour, the crystals were collected by filtration,
fo2g3land washed with a small anmount of isopropyl alcohol

[Referéﬂ@écﬁ%amé- ffystals were then dried under reduced

Methyl _ssgre‘ taln he Stitle conpo nd 12 9] . 9 §2712

ik uYa Y '-‘ A% 7.0F ol

carboxyhitd)25.1 = +41 10 (C = 0.347, 0.1N NaOH) 1H NMR (400
[028aMHZ, 0. 1N NaOD)3 ppm 0.49-0.56 (2H, n), 0.67-0.76
(2H, 10 m), 1.12 (3H, s), 1.43-1.64 (2H, n), 3.56
(3H, s), 3.59-3.71 (4H, n), 3.99-4.04 (1H ),
veodk 80-5. 03 (1Hmebe 7-65 (1H, d, J = 13.9 Hz), 8.45
s). El enentv@—y—anal ysis for

2N304" 1HCL: o Cal cul ated: C, 53.22; H, 5.53;
F, B.0 , 7.48, .35 Found: C, 53.01; H,
5. g2pF, 7. 90 N a)vlsh somer853. [ 0280] [Exanple 12]

« 7-(7-Am no- 7- et hyl - 5-azaspi ro[ 2. 4] hept an-5-yl )-6-fl uo
[0285]r01k-2 -2-f1 8 t 4 di hyd 4
st iR ﬁo %é}}glg ﬁﬁ/c Actd rre Xof%%’m or | 13Iey >

phenqumnpvmlmmyl codmenata §49- N aN 2eierpel)l-mand
methyl Qddide F(F04 jnL, NbNHnd) in dimethylformamide (1 L),
sodium 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 mmol) were
further added, and the mixture was stirred for another 4 hours.
The reaction mixture was added to 0.5N hydrochloriec acid (1 L} in
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 sodium 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
silica gel column chromatography (hexane : ethyl acetate, 80:20 —
67:33 — 50:50 — 33:67) to obtain stereoisomers at position 3 of
the title compound {(stereocisomer A: 19.86 g (76.0 mmol, 38%) as a
pale yellow oil, stereoisomer 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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Boo [0282] 25
7-[7-(tert-Butoxycarbonyl am no) - 7- net hyl -
azaspiro[ 2. 4] heptan-5-yl ] -&qf l uoro-1-[ (1R, 2S) - 2-
fl uorocycl opropyl ] - 8- met hoxy- 1, 4- di hydr o- 4- oxoqui nol i n
e-3 carboxylic acid in which configuration of the
tert- butoxycarbonylam no group in the substituent at
[0286position 7 is the 30 sane as the one produced in
stereoEXaaRleand (267.2 g) was suspended in isopropyl alcoho
and 6N hydrochlorlc cid (405 43 _nol)
*H- NMRV\%Q&&%J% (PG e sEE‘fﬂenﬁo%lv\ﬁ? He é)he %L%%eﬁg'r[orfiv\a%

Hz), 2s3irfdd, €n an=0l¢.Hain at256%. (THe @i xfurelQa Hz), 2.95
(1H, dSt{rrLeﬂGf@ AL, SANgy ltmpedatmre ioro3ud) h?yrm asd, s),
er oW, n y CO o, r nper at ur e,

5.51 ?éb bﬁél c%h% (2942{ 99”&%%@&5?The reaction

MS (E5¥bs@é¥ mé%ﬁ%o #@H i'n a water bath at 5C, and the

(o] p*° 1mxulghe1ma$c sthrsed, athibeosase) t enperature for 13
Stereo?@ - ghe precipitated crystals were collected by

. tratlon and after air dryln for 5 several hours,
H-NMR t (4 O MFig 2l SPGked @ BPTed irdfer (Foded brdsiad & 4oc7-1
Hz), 2t330btRAji nd223.8 16 (F7MHz ok, 2920Hofdt hg tatged Hz), 3.09
(1H, dCofpoung, @SHQ) @Ii@w powder . 7[0288]3 fRef esepce(3n, =),

anpl e_311 hy
5.51 (éghggh q 5- %X (F% %5p%enylg?%lebyrrolidin-3-y|-
MS ES%)arfbb?xyl R [@ﬂz@ﬂ] MeOOC Me ON O N i somer A
[a] 2% =~Ph2aBhgPspsaer @, 191@ [%%&oﬁ@rﬁ)sol ution of methyl
[0287 (3R) 5-ox0-1-[(R) -

phenyleth oI|d|n 3-yl -carboxyl ate (49.5 g, 200
[Referenms %El%g Jheiv%ﬂ; i odi de (37.4 nL, 600 mol) in
Methylcﬂf&ﬁﬁ&ﬂ*lﬁWﬁﬂhlﬁ?%ﬂpxgjl—éﬁ@ﬁtﬂﬁﬁh@ﬂYlﬁith]mwrﬁolidin—3—
xl-carﬁégﬁf%%e 55% 11.35 g: 260 nmol) was 20 gradually

[0288]1200¢ im 5 mnutes at roomtenperature. After stirring

at roomtenperature for 2 hours, nethyl iodide (24.9

m., 400 mmol) and sodium hydride (in oil; content,

Nmogg@@ 6.11 g; %ﬁgxgpnl wer e
Me— Me—>

N o —_— N o
'fJ‘Ph *J\Ph
jsomer A isomer A

[G289]
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 (192.86 g, 76.0 mmol) and
hexamethylphosphoric triamide (30 mL) in tetrahydrofuran (300 mL),
a solution of lithium diisopropyl amide in heptane,
tetrahydrofuran, 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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further added, and the m xture was stirred for another
4 hours. The reaction m xture was added to 0.5N
hydrochloric acid (1 L) ing5 an ice bath, and
extracted wth ethyl acetate (2 L + 1 L). The organic
| ayers were conbi ned and washed with water (1 L x 2)
and saturated aqueous solution of sodiumchloride (1
the orgyniantlageredaswwabhadhyitbusasedi YrD8uhf.ake2) Abhérsaturated

aqueouéeQBYhEQoﬁthd§§§iﬁﬁtbﬁgorﬁaanng bt} tratdan, df?ﬁn with
|llaé|on und 30 reduc

anhydr g SAILIRTRBERLE. obie: NECELPARL YR DATRE VA8 BuPPYFaDY

filtrapyonsi sndatlyel scbvemh ¢asonanoygedphy @hekahéatienhynder

reduce@cﬁfééﬁargo 2fhe “redfitdihg 2 RUSGrohdd 6/As tgﬁiﬁb‘!:@éd’l by
eemforrershat osition 3, of thetlt econ‘g 90:10 —>

Slllca(%‘f— r 31 So%er A" ’éo%%a Y?éh%x?'r%l a3ca-? %re

85:15 yel|dnig Wi Ito sttdragiol sdhe3 Bl 0. Ghe gil(t7175 Aqmaaund oy mixture

of steﬁéoﬁs&ﬁep@l@fypbébmdenl4d BGnﬂ andl Xt 48%) ods a pale yellow

stereoisonmers A and B: 9.69 g (37.1 mmol, 19% as a

pale yellow oil. 80 [0286] Stereoi soner A 2H NVR

[0290) 400 MHz, CDC13)8 ppm 1.21 (3H, s), 1.52 (3H, d, J =

'H-NMR 7(4D0 mm)z, T8N (0 &Hppd; J 01061 D HZ)3. &H,73n)(.1l—l,.ml3 (2 AH, s),

1.45-1 186 O¢ _HZQH 2m95 1564 1H, 76, (du= dP, 98- 138§9 61bk, On) ) 2.24

= 10.0 72 3 1
(0..68, T po1 - BE) 5 %sjé%? arr‘?z ‘%622(% B&EE)J = 7.2
Hz), 3 559(0 121€c <§=: 073609 T Hi®) of-’br@r% @t%ﬁleo@soﬁﬁ q0oHz) .

3.699 (HAMNWR £4003 MHz4 Qmms) & ppmm 1.39 (3H, s), 1.52 (3H,

J = 16.9 Hz), 2.93 (1H,
.50-5. éjs ng rn)1 T2s- é%% %ﬁ"HrH') J = 10.0 H)z), 3.30((1H,

MS (ES% m/ 2 1@%’ *H)3-61 (3H, s), 5.51 (1H q. J = 6.8
[02911Hz), 7.25-7.36 (5H, m). MBS (ESI) mz: 262 (MH)'. 15
Referéﬁ%é@- él-lgi)] 8 (c = 0.190, chloroform [0287]

d s NFt.

carboxyle,lc vEILCJeCiar boxyl ate 20 [ 0288] lveooc lveooc ,~O Me Mew

oil.

[0292IN N
MeOO_?jji:— HOOQ??Ti:—
Ph Ph i
isomer A isomer A
[0293]

To a solution of the methyl 4-ethyl-3-methyl-5-oxo-1-[(R)-1~-
phenylethylipyrrolidin-3-yl-carboxylate (sterecisomer A) produced
in Reference Example 32 (10.63 g, 36.7 mmol) in tetrahydrofuran
(330 mL) and methancl (110 mL), 2N aqueous solution of sodium
hydroxide (110 mL, 220 mmeol} 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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.;-Ph OPh isonmer A isonmer A [0289] To a solution
of the nethyl 3-nethyl-5-oxo-1-[(R)-1 25
phenyl et hyl ] pyrrolidin-3-ylggcar boxyl ate (stereoi soner
A) produced in Reference Exanple 31 (19.86 g, 76.0
nmmol ) and hexanet hyl phosphoric triamde (30 nL) in
tetrahydrofuran (300 nL), a solution of Iithium
chlorofibi®ops 0Pyl afi 2lexi nohept. pne, The etrgenidr dfayeary wank combined,

and drfé&y%Pfﬁ §H§%&}o§34sgélémnéulﬂéé%sa'ﬂfﬁér‘%%ﬁdﬂln the

mnutes at -78C. After stirti
dessic@fLig sgtnt DR, £ IBESF APRACtRe (P LECNh Ry TORPERY BY
distilldRién mipdds2rédured) pwessuneded dpopimstl atétde sane

quanti@@@ﬁ&@iuéﬁ tHe1@&ﬁaéuﬁf§b%ﬁ%&ﬁﬁouﬁéléé'@gpéle BB&wh 0so1id.
The erdqd hacddF Thd HEFaIER fHESEte A Elor PO WL Ao

furthey cper} Hhcat kere was extracted with ethyl acetate (300
[02941L), and 81 the organic |ayer was washed w th water

( %;ﬂ E sgLurate us, s ut on P
"H-NMR é&%}r :pg{ez ?E&? Ter d?m:g%é) ﬁ an’hyd)rous sod{jiu‘mi
1.50- 1s§ﬁ=fé%e2ch‘%) debsteati iy & %e V\‘,&)s renbvet- by (LH ml) 2. 30
(0.8H, fi] tFati®n BWnd, the630lVedH, Wwas FeroV@d3 byz), 2.67 (0.2H, d,

J = 9. :§“I§£ "é‘té@n(émﬂﬁf $, rgducedy pﬁi@)ssujesoTb@ F@SULifo= 9.8

e, 3 ppvgpegunl s it Tied bt ST o COlOm) 2o e (o

m) . 85:15 -3 80:20) to obtain 10.63 g of the title
MS (Es:cprmpynd A7 mimetryre  of stereoi soners of position 4,
[0295] .7 mmol, 480) as a pale yellow oil. 10 [0290]

1H— NVR (400 MHz, CDC13) 8 ppm 1.01-1.07 (3.6H, n),
[Refergqnos Fxample 4l 1 45-1.56 (3.8H, m), 1.64-1.75 (1H,
(3R*,439) - 1-Birdo 86 €fth¥wH 3 mMetRyR45-¢008H: [{R) J1= 6.7 Hz),
f%&éﬂiﬁlﬂg'aﬁES@BﬁQ k) 13- erng g—efﬁﬁl 3-méthyl-5-

6.

u 8H,d,J = 10.0 Hz), 15
. {5 . €s), 5 .50-5.56 (1H, ),

[0296]7 26 7. 36 (5H n) (ESI) mz: 290 (M+H)'. [0291]

[ Ref erence Exanple 331 20

4- Et hyl - 3- net hyl - 5- oxo- 1-[ (R) - 1- phenyl et hyl ] pyrrolidin

HOOO%ELM boxyl i cHzaszQ
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 mlL), diphenylphosphoryl
azide (10.29 mL, 47.7 mmeol) 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 aqueous solution of sodium hydrogencarbonate (200 mL),
water (200 mL), and saturated agqueous solution of sodium chloride
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[0292] MOOCtN~-O HOOC Me Me ~ N O 011-Ph Ph isoner
A isonmer A 25 [0293] To a solution of the nethyl
4- et hyl - 3- et hyl - 5- oxo- 1 -[ () - 1-
phenyl et hyl ] pyrrolidin-3-yl-carboxyl ate (stereoi soner
A) produced in Reference Exanple 32 (10.63 g, 36.7
mol) in tetrahydrofuran (330 nL) and nethanol (110
(200 mhl) in2bhaguesdsrsolTHa aresfl tsody wer@hihy draoederdd ried with

anhydrgﬁs ééﬁlﬂyvéﬁlﬁéée?dgﬁé QEté?ogé&SGPﬁﬁaEHéedeégﬁcaﬁhﬁg agent

ure was stirred 1n an ol
by £ilfgationrhEhe; SALVERh Hrat FoBOTES PBadbaty bl ki G gpder
reducededuesdupe essuoktadndthaf cendaddiaguebnsenthat édrm of an

1socyaﬂagéochﬂ;g I@n?fé brtde ﬁ?r&@tﬂcﬁnﬁ? c%fl ardn d&syaite was

aci ation ur X

asseolyanofr br b {5oeene 00 Sloosit) Shefh BIAAY. Y e focntozic
acid (serelLtonbhaedixtand uaSeﬁtmrrﬁdahhy@nogslsb@thnat 60°C for 2
hours. SUﬂ‘HeﬁltJﬁaaa%fitcﬁf niermw e grd herorttessieatd d guraientrdijuced
pressu£é|t£§& %Qﬁ cSOLYEOL ¥as £§88¥f9p98a19g3ai££§118& with

es ure to_ob

ethano%qua’(?ﬁqet%tﬂ% “&f e GRS 152 | ecd?ﬁfb’tﬂi‘lf’a?‘rﬁi T

stirrihgoin solide bdbe, csaterpredusgueass usetut honhef sodium

hydrox§&@3§8§eﬂédé§a§éfOﬁlwéibzﬂ@loﬁurtﬁHﬁ ﬂégdfﬂéﬁﬁ;ﬁﬂkt%ge was
p

extracﬁ? Y1 E% %%gﬂi%égwethﬁﬁé Egﬁa &gz (gbﬁrPgﬁj a § %ﬁi g%ganlc

layers (@eB¢l, coybined3. Afgey taying . Ho yonghous spdiym gulfate,

the de$Bilcaibs 4fedt], wals ﬂemo&@d3bytf11€r§€1éﬂ 24hddthe Jsslvent

was rer’go ]& i§ nde? fe QQu£Q 2|_'bhé:l re]sultlng
1somer(qggngztia%gség@zgtggfaéﬂjpugéﬁ%g E§§§1 Ga @92 column

chromaﬁ&@tﬁphy K@BB@&Of&EﬁeKGMQEhéﬁGBDEetﬁﬁéthylamlne 100:0:1 —
99:1:1 (SRS )1)3-/m oaﬁémet"ﬁydd F B xR Qs @R -0 the title

Ompou‘ggR‘Y %Eh‘yél e 3'49%%‘5&0% %8 n} | MEODo 2 steps, 77%) as a
pale bm@n|g@m@ gobhenyded hyl 4 by rof i BhaesteD2OBFOREOARZNE 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, CDCl:)d ppm: 1.14 (3H, t, J = 7.6 Hz), 1.19 (3H,
s), 1.43-1.55 {(4H, m), 1.72-1.83 (1H, m), 2.05 (1H, t, J = 6.8 Hz),

2.77 (1H, 4, J = 10.0 Hz), 2.99 (1H, d, J = 9.8 Hz), 5.53 (1H, q,
J = 7.1 Hz), 7.24-7.35 (5H, m).
MS (ESI) m/z: 247 (M+H)".

[a]p2°r = +126.6° (¢ = 0.470, chloroform)
Stereoisomer AB:
'H-NMR (400 MHz, CDC1;)8 ppm: 0.93 (3H, ), 1.13 (3H, t, T = 7.4
Hz), 1.46-1.62 (4H, m), 1.65-1.74 (1H, m), 2.11 (1H, 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, J = 7.1 Hz), 7.24-7.35 (5H, m).
MS (ESI) m/z: 247 (M+H)".

[a] 52° 1 = +132.5° (c = 0.260, chloroform)

[0299]

[Reference Example 35]
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M . Me-~-- ONO Oisomer AA ~Ph Ph isonmer AB
i sonmer A [0297] 25 To a solution of the crude
4-et hyl - 3-nmet hyl -5-oxo-1-[ () - -
phenyl et hyl ] pyrrolidin-3-yl-carboxylic acid
(stereoi somer A) (11.46 g) produced in Reference
Exanple 33 and triethylamne (10.24 ni, 73.4 mol) in
{3R*, 4RabuanetéiﬁQBnt¢xydaphenylammﬂpheﬂybthgiraemeiﬁy291ﬁﬁ(R)
pheny1&¥h1 ggk}om@alﬁgded at roomtenperature, and the 30
'————ﬂrﬁ%ﬁ ed at roomtenperature for 15
[0300 inutes, and in an oil bath at 90C for 3 hours. The
reaction mxture was diluted by adding ethyl acetate
(500 nm.), and the solution was washed with saturated
HNaqueous sol ut | on. @f sodi um hydr ogencar bonate (200 ni),
Mo (200 nL? atur at ed aqueous sol ution of
0 un1ch|or|de 200 mL) in this order. The
RSUTQ i ng—ergani c er was dried with anhydrous
sodi um sul fate, andlafter renoving the dessicating
get by filtrati®n,PRhe sol vent was renpved by
,soqiegml I ation undfsgme,r‘@duced pressure to obtain the
crude product .in the formof an 5 i socyanate. The
[0301Crude product in the formof an isocyanate was

|ssolv din 1l a 8 and ter 6
B of et 80 of; PREOREH “Prflbine SR B ELs SRRk A O owo-1-
R)-1amh©mY1%§hﬁ1bPYBOQii@%HQ (h%gmgr Fhe ﬁeé@t90n1ﬁ1§9uW@°1 in
tetrahyp@so£eASRN{ 1 ab edL.ynpesdtedacen Reessanes Bramphe 34, lithium

alumlnﬁﬁnﬁﬁﬁ%iééwtTaﬁ?%zgohii écﬁ$5% d%éé'bkﬁ&u%&i? adfed in s

was, a e, resid and
minutegsiRrangice  PaL 234

RE BAERITS P8P of Bir SedeDhor oot
tempersoune | Har of hﬂ@rﬁ”n Thyedrea.atsl amsniaddee fugs cooled in an ice

bath, éﬁ&aaf@@£l@@reﬁaﬁlyeéaaih@gwatéfum@ M@SmLeXE?aﬁtﬁﬂol), 15%

h
aueoudl by L0 O STELARDE hERBeRLas 10087 M) PrdeliFacer 0.6
mL) lnaﬁhy%r@Q@egodtﬁﬂw@h¥$%¥% was %hér6%§398§¥ﬂh§hﬁg@ﬁtrﬁﬁ@
temperdeiby ed The fidddlaty ien, candritheveso | menivedvasy rieimovies jyn,

the regiéﬁé'$ﬁttﬂ@ HPﬁ@érrﬁQHCﬁQs &S§E£ﬁ tiﬁfaﬁgéybkhﬂgn (3
oner mxture was separate
b H el ghoFS? the

tlmes)ge@n@oF%%nf1%F¥%E%t%@ aph§ %%E?%
washing rvetdytambire . 10 :sblventgals reng 88l iyl )diss obkad ipn

under redPc8d réé@ﬂﬁ@iS@ﬂ@rtﬁ@\ﬁésiaﬁetﬁééedggs§9ﬁﬁﬁuﬂﬂ
dichlo%cgrg’géhad'né) ('9(9 Lf’“reﬂl Ocert %udtyrﬂmcilce?rb%n%&se (757 @3 ags 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]
ly-NMR (400 MHz, CDCl1,)8 ppm: 0.87 (3H, t, J = 7.3 Hz), 1.14-1.22
(1H, m), 1.33 (3H, 4, J = 6.3 Hz}, 1.44 (SH, 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 (1H, 4, J = 9.5 Hz), 2.71 (1H, 4, J = 8.1 Hz), 2.75 (1H, 4, J
= 9.0 Hz), 3.28 (1H, g, J = 6.5 Hz), 4.73 (1H, brs), 7.19-7.33 (5H,
m) .



pal e brown gummy solid, and 1.41 g of the stereoisoner
AB of the title conmpound ((3R*, 4R*) configuration,
5.72 mmol, 2 steps, 16% &% a pale brown gunmy solid.
[0298] 25 Stereoisoner AA: '"H NWR (400 WMHz, CDC13)6
ppm 1.14 (3H, t, J = 7.6 Hz), 1.19 (3H, s),
1.43-1.55 (4H m, 1.72-1.83 (1H, m, 2.05 (1H, t, J =
MS (ESB)8mHz), 3B 7TM{HH. d, J = 10.0 Hz), 2.99 (1H, d, J =
25.19. 8 Hz)0 5.53 {1k 10, 7= ), 7.24-7.35 (5H, m.
el gﬁ Y ‘(453?‘53 2, 57yg ?w?ﬁgféfg"f D25.1 = +126.6 (c =
[0303 . 470, chloroforn) Stereoi soner AB: 1H NVR (400 MHz,
[Referepag3Fgapphe 8693 (3H, s), 1.13 (3H, t, J = 7.4 Hz),
(BR*,4ﬂ*ﬂ611B@ﬁz§ﬁbkyﬂ¥rbén§§=i—géefgEgugg?yagiggﬁ%%fﬁﬁgoﬂ35-
T Hz . TH d, = 0. , 3. . d,
ethyl-3:getf ,)‘ ofsd g, J =7.1H), 7.24-7.35 (5H
[0304}y . MS (ESI) mz: 247 (MtH)'. [(X])25.1 = +132.5 (¢ =
0. 260, chlorofornm [0299] 40 [ Reference Exanpl e 35]

-84
Boc-TBR" ) - 3- (tegl - But oxycar bonyl ami no) - 4- et hyl - 3- met hy
Mé (R)-1- pheny} lpyrrolidine [0300] MeN BOA e

p (M ;- _Ph )Ph 1donmgr AA isoner AA 5 [0301] To a
solnti on ef—— N :

(3B, 4S*) - 3- ami no- 4- iyl - 3- net hyl - 5- oxo- 1-

[ "R -Ahphenyl et hyl ] pyrrolidine (isomer AA 4.16 g, -

L8m8oa Mol ) in tei%(;rﬁg}Mrofuran (100 nL) produced in
Reference Exanple 34, [i1thium 10 al um num hydri de

[0305](1. 282 g, 33.8 mmol) was gradually added in 5 mnutes
in an ice path, and the nm xture was, stirred at

room
TRbeTH T EF GF 2| FUrAR* T | GRt TR KT oF eomELam o) -4~

ethyl-teootedyl nlah(Rrel -baehylandyhf perreaiéine| y4addi ag 13.33
mmol) ﬁ@@&ﬁcéé-%@ ﬂéfeﬁgngenﬁﬁé&plé59@ in dichloromethane (40 nmL),
benzyl chloroformate (5.71 mL, 39.9 mmol) was added at room
temperature, and the mixture was stirred at the same temperature
for 5 days. 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 3.94 g (10.86 mmol, 81%) of the title compound as a
colorless transparént gummy golid.

[0306]
'H-NMR (400 MHz, CDCl;}d ppm: ©0.94-1.00 {(3H, m), 1.12-1.22 {(1H, m),
1.41-1.47 (12H, m), 1.59-1.69 {(1H, m), 1.82-1.95 (1H, m), 3.12-
3.26 {(2H, m), 3.65-3.75 (1H, m), 3.96 (0.3H, d, J = 11.5 Hz), 4.10
(0.7H, m), 4.43 (1H, brs), 5.09-5.18 (2H, m), 7.27-7.38 (5H, m).
MS (ESI) m/z: 307 {(M-tBu)'. “

falp®®> ! = -13.3° (¢ = 0.120, chloroform)

{0307]

[Example 13]
7- [ (3R*,4R*) -3-Amino-4-ethyl-3-methylpyrrolidin-1-yl] -6-fluoro-1-
[(1R,28)-2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid

[0308]




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 room ggnperature. The insol uble
content was renoved by filtration, and the residue on
the filter was washed with tetrahydrofuran (3 tines),
and the filtrate and the tetrahydrofuran used for the
washi ng were conbi ne. The sol vent was renoved by
distillation 20 under red@iced pressure, and the

reS|due was di ssol ve diePP8bt onet hane (70 nlL).
Di-tert- butﬁ dicarb e (5.53 g, 25.3 mmol) gnas
am—ﬁadd : he stirred at rog per atgonHe
*25 ho he sol VMt mas reaned by d At i on

er ___[_educ; pre he ,ew
¥ypsilica gel H25 colunn chronatographyoﬁﬁexu~=
H

te, 80:20 -3 67:33) to-ORyain 44% g
m%%% 7 nnvlc%g‘mﬁe 79% of the title <conpound as a
[0309pale br own 0|I [0302] 1H NWVR (400 MHz, CDC13)8 ppm
87 (3H, t, = 7.3 F%ﬁ 1.14-1.22 i 1d33
?%H‘Sbng\]a-—p’éo%e%’ie P UYLIG O SHFanP4E %BI—Fh‘é)cm ©
(3R*, 4R* b5L db@hzy Iekyed rbdnyd- 13- gRetithunpxyeagsongHamino) - £-
ethyl- § @%iﬁ P g&@ﬁ%&ﬂﬁé tasd mg? D %ﬁi,mﬂefﬂ bﬁugedJln
Refereyty M%??ﬁf B Gonderte 1) 18 2B egdy= &
butoxy¢g§boqy&ﬁmym¢ﬂ 4- ?%@yﬁ53Lmethglgy{goLl@quo (304 mg,
quantlﬁﬁiDWprraad 19808 bRefles epcedixanphe B6hcbed3With 6, 7-

dlfluofgvi L fﬁ O%Yff£988% dln%{ IPUéOﬁ¥9ﬁ5£%nylanaﬂﬁ&aro 4-

pyrro 00-
oxoqui gl §pe L 1§t RaBbL 87201 dor ¥°¥w@°ﬁef?ﬁsé%?4 ng,
1.201 ﬁmob)stwLmbtﬂnmf282 mg (0.662 mmol 55%) of the title

compouﬂéng4£vﬁhf%ét§6%d@@tOxycarbony|aﬁlno) 4-
r03107Et Yl - 3-methyl-T-[(R) - 1- phenyl et hyl ] pyrrol i di ne (4. 43

g, 13.33 mmvol) produced in Reference Exanple 35 in
mp: 920di%SfiCor onet hane (40 nl),

[a]5*** = +220.2° (¢ = 0.113, 0.1N NaOH).
IH-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 (1H, m), 3.30 (1H, 4, J
= 10.7 Hz), 3.56 {3H, s8), 3.61-3.70 (2H, m), 3.78 (1H, dd, J =
10.6, 2.8 Hz), 4.06 {(1H, dd, J = 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 for C;iH:sF:N3;0,°0.25H,0:

Calculated: C, 59.22; H, 6.03; ¥, 8.92; N, 9.87.

Found: C, 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]pyrrolidiﬁ—B—yl—carboxylate and methyl (3R*,4S*)-4-
ethyl-3-methyl-5-oxo-1-[(R)-1-phenylethyl]pyrrolidin-3-yl-
carboxylate

[0312]
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benzyl chloroformate (5.71 nL, 39.9 mvl) was added at
room 15 tenperature, and the m xture was stirred at
the sane tenperature for Jmays. The sol vent was
renoved by distillation under reduced pressure, and
the residue was purified by silica gel colum
chromat ogr aphy (hexane : ethyl acetate, 90:10 -* 80: 20
-3 67:33) to obtain 3.94 g (10.86 muol, 81% of the
title conpound as a 20 col orl ess transparent gunmy
Me olid. [0306].c 400 MHz, CDC13)S ppm 0.94-1.00
Me m, 1.12-1y H m, 1.41-1.47 (12H, m,
5 69 (1H, m,( 1, g 1.95 (1H, m, 3.12- 3.26 (2H,
n)N 3-65-3775"( 1H, 3.96 (0.3H, d, J = 11.5 Hz),
%25(0 7TH . M43 (EPmerdA)  5109-5.18 (2H, ),
"27™7 38 .(5H, m) .~ NB (E8PYeHE: 307 (MtBu)
ipajeB5. 1 = -13.3 (¢ = 0.120, chloroform [0307]
[ Exanpl e 13] 30
[0313% ¥535T04R*) 3- Am no- 4-et hyl - 3-net hyl pyrrolidin-1-yl]-
lewrfge%ﬂf? R RS TH O PRETR R XSRS, HERFAYE 0% USing
the metgxohud redtmel 35 cedokyl [R) attph¢@B08ihgh]l pPprFolidin-3-yl-
carboxmz(éﬂ%{lécﬁscﬁﬁlﬁr{\é)? oS Mhidrcdd I MNRe MBrendl-Exattpte 31
< a r [

(20. 22|%orr& '\%A,&"INHZ Lt_ﬁ' 1'0':‘3]()% %J]: |?1"gv§téjf%(glesdéd[?é; s”?nﬁith
p051thq,Qggﬁnﬁggjtlﬁlﬁgqﬁmgﬁynd {3R*, 4R*) conflguratlon, 7.84
mmol, 18R 4R -pabenzed Doy cai boivyd - B-4 ¢ e tobusvayeat bonyt aBB

(3R* 4§‘=0)) é)néldidmélérl "%,rbyé RS P! ':ﬂiﬂﬁ éé@ 1e1y@f£ow 0il.
mol ) produced Tn Reference E&anp mas converted

[0314]to (3R*, 4R*)-3-(tert-

Stereoimrmnmeay cB&k bonyl am no) - 4- et hyl - 3- net hyl pyrrol i di ne (304

H-NMR @ogtgém 'db%tl' ¥§)pprﬁmd 2% "gpf 4 her Arodustyyes 1 25 (3w,
sh, 1. %968]{ mf '[(H_JLR 215)792%1 org%HcI opf chi n‘et%oS(yJI_ 8.0,
6.5 Hz). »dl%y%ﬁoﬁj‘éﬁd()ioxquu%cﬁl% 3- alfbok];h? acf=-9-8 Hz}, 3.64
(3H, s)difd 80 ol onycanpt ex. { 48H ny7.25-7.35 (5H, m).

MS (ESI) m/z: 290 (M+H)".

[alp®® ! = +106.7° {c = 0.520, chloroform)

Stereoisomer BB:

"H-NMR (400 MHz, CDCl;)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, 4, J = 10.3 Hz), 3.29 (1H, d, J = 10.3
Hz), 3.53 {3H, s), 5.52 (1H, g, J = 7.1 Hz), 7.25-7.35 (5H, m).
MS (ESI) m/z: 290 (M+H)".

[@]lp?®'t = +130.0° (c = 0.110, chloroform)

[0315]

[Reference Example 38]

(3R*,48%) -4-Ethyl-3-methyl-5-0x0-1-[(R)-1-phenylethyl]pyrrolidin-
3-yl-carboxylic acid

[0316]




1.201 mmol ) to obtain 282 ng (0.662 mmol, 55% of the

title conpound as a white powder. [0310] np: 90-93C.

15 [a] D25.1 = +220.2 (¢ = @gl13, 0.1N NaOH) 1H NWR

(400 MHz, 0.1N NaOD) 8 ppm 0.96 (3H, t, J = 7.4 Hz),

1.27- 1.34 (4H, m, 1.56-1.72 (3H, n), 1.89-1.97 (1H,

m, 3.30 (1H, d, J = 10.7 Hz), 3.56 (3H, s),

H dd, J = 10.6, 2.8 Hz),

6.0 Hz), 4.82-5.01 (1H, m, 20

§I o 8.48 (1H, s). El enentary

ana N/Si for—ei-rHZSFZ O470. 25H20  Cal cul ated: C

59.22;: H 6.03; F, 8. N, 9.87. Found: C, 59.09; H,

5.84;Ph 8.79; N 9. 850. PN/B(FAB) mz: 422 (MH)'. 25

Ilfgo(,@;l'ﬁg 2958, 2873pmérRel, 1618, 1541, 1508, 1431,

1363, 1313, 1277, 1234 cm 1. [0311l] [Reference
[0317JExanpl e 37] Met hyl

TR AR ddr et & | R SE i rityd Ekamp&é.iiFﬁaé.fﬁpeated by using
the mePiPNV LOYASPYILOLLAYN: Foid el DOXYLAL £- o) DPLNY!

5 PhenYl%‘inrl%Y%‘?%’y‘lh%‘%x3611C?¥1P8X311?>1F1%ny?*%%?/‘?}%"\}'F?BI1?’%1 2304 9
7.03 mmyl) pordoxsdatr REBINGTY ERQOE MO MebhaimN D15 g
(quanti@%eﬁ%f”ﬂ@e%‘rﬁ@@r@ér@: & n@ 483 3pa1dh8rown solid.
The th %@dure f R(%erenq%ﬂ%%qﬂys used ey ﬁgegﬁﬁgegyent

reactign n%t‘ﬂ?lﬂ% ﬁﬂ@@thlelf (wyraferpiPet hyl | pyrrol i din-3-vyl
10 [0318]carboxyl ate (stereoi somer B) produced in Reference

E‘:% 2 7 gmpj tain g -of
“H-NMR qul re0| sdrrer g ZSHAE}gg ZFiof t&g t|t1% %n‘pofgz‘dl (38,
-F3RTARYY Hco‘H}l g%r%t?l 4 Inol’, (1H, d,
J = 10 yBIHIva o?Janle? 49, g7 of Js@eEeﬁuz)son@rSBB(ll_Iﬂ), (CQSRT 4SF)0 Hz),
7.23-7Conf [gyrahyon, 25.6 mmol, 33s) as a pale yellow oil.
15 MS (ESI) m/z: 276 (M+H)".
[0319]
[Reference Example 39]
(3R*,48%*) -3-Amino-4-ethyl-3-methyl-5-oxo-1-[(R)-1-
phenylethyl] pyrrolidine
20 [0320]

Ph Ph
isomer BB ' isomer BB

o = O1

[0321]
To a solution of the crude (3R*,4S*)-4-ethyl-3-methyl-5-oxo-

1-[(R)-1l-phenylethyl]pyrrolidin-3-yl-carboxylic acid produced in
25 Reference Example 38 (sterecisomer BB, 2.15 g, 7.03 mmol) and
triethylamine {(1.96 mL, 14.06 mmol) in toluene (30 mL},
diphenylphosphoryl 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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[0314] Stereoisoner BA: 1H NWR (400 MHz, CDCl3) 6 ppm

1.03 (3H, t, J =7.5 Hz), 1.25 (3H, s), 1.39-1.55

(4H, m, 1.79-1.90 (1H, m 892.78 (1H, dd, J = 8.0, 15

6.5 Hz), 2.95 (1H, d, J = 9.8 Hz), 3.17 (1H, d, J =

9.8 Hz), 3.64 (3H, s), 552 (1H q, J = 7.1 H),

7.25-7.35 (5H, m. MS (ESI) nmlz: 290 (M+tH) . [a] D25.1
mixture wd6d Tl ficed ]ﬁ)y52cﬂ)d11®§n| @lth)j’brant)!et&er t20 @ onkY , BBid 26he

SOluthI’fl-‘Ji\clyb? xgsme&/'—gl H9u4 kb1t idn of - Sodium
hYdfogeln%%fhio%t? 1H5° n‘%‘l‘) 3 ‘%ﬁ?’iH?E’%d“ﬂ 9 an% %at%r%t?é aqueous
soluticn osf (defiuhn Ghiondds (&) mm) 26n (bis dorder. 1GIS rr%)ultlng
organiad- éﬁ"dvaé)drf’eézw:(ﬂlﬂ aﬂi}_g?]roug dodizim guﬂﬁaﬂeﬁ%:ﬁ@"!after

remov1r@ t}ielocg ’?%‘% %%; 91\?%:\.3(1 b}fééqfit%glo H%Sg%g'rgﬁt was

efence

removeq IRF @Blmﬁm WGRE HER @@cpqefﬁlrz;ewcbh%‘hwe? hifrg crude
productpyit othdli ford-yf -ar hexyyamavei d 32 [RRESoBE 1dkDEEude
product{l(% el_'\@of'm Qe S%Jre A c%eg £ 8o s BB V89BN BB -dioxane

he proce erence Exa

(16 mL) g eV yc&‘gcp o¥ i Ffet fl mL) adged\/\@o the
solutlcﬁIBR*amsB*ﬁhél me:t:ht;nhfé -weed i‘slttlﬁfmmﬂ-irﬁ Ril Bath at 60°C for
3.5 hoﬂ@nylﬁtehwe]a@t&rcﬁi Inflit3eY haGAlRROERe tedl RIS @dfuced

4 roduce
pressuts i PG U | 1A P DL RD S e vien
ethanol ar &t téenpesidiugs vaspaidelast Weé-’ol (3@, mLphe aRyFaturated
aqueous)t&@lmeﬂarcrdﬂes@iMMQiymmdﬂam ddted uhsegmente bath with

st1rr11§lr_:’e_I_ajﬁ%\}}l‘:a {;h{z]? %he&.g%urfefslu(‘l%g n%?mllv&dr%glv}%]s extracted
with dwzl'}lorlormtlzagw 150 A b0-1 Qi) mand S (argie Jevers
were comiyired Sréd Hie@ Witk la:ll}hml‘ows Sd@ium Yl fRa2 @Effer
remov1ﬁé£ﬁhe‘éééé&égﬁlnéségeﬂ@fﬁyftlikraﬂ&&hkﬂﬁhe doPderlt 3das
remove y é@stlllatlon under reduced pressure to obtain 1.792 g
(quantitative) of the crude target compound as a greenish brown
©il. The thus obtained crude product was used in the subsequent
reaction with no further purification.

[0322]
Y_NMR (400 MHz, CDCl;)& ppm: 1.13 (3H, t, J = 7.6 Hz), 1.27 (3H,
s), 1.46-1.58 (1H, m), 1.49 (3H, 4, J = 7.1 Hz), 1.68-1.80 (1H, m),
2.10 (1H, €, J = 7.0 Hz), 2.68 (1H, d, J = 9.8 Hz), 3.13 (1H, d, 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

[0324]




15 Ms (ESI) mz: 276 (MrH)'. [0319] [Reference
Exanpl e 39]
(3R*, 4S*) - 3- Ami no- 4- et hyl - 3gret hyl - 5- oxo-1-[ (R) - 1-
phenyl et hyl ] pyrrolidine 20 [0320] HO OC * * HZN M
ONOPh I ~Ph isoner BB isonmer BB [0321] To a
sol ution of the crude
(SR* 4S*) - 4- et hyl - 3- net hyl - 5- oxo-
1o -1- phengéce_t yl] rolidin-3-yl-carboxylic acid
Mo guced in gnce Exanple 38 (stereoisoner BE,
c? 7.03 mml) and triethylamne (1.96 nL, 14.06
i n—totwene (3§ nL), diphenyl phosphoryl azide
97 m., 9.14 nmmol )} _was added room tenperature, and
hePii xt ur e was stTrr@¥ at roomtenperature for 15
isoflenBBes, and in @apmeigg bath at 90C for 3 hours. The
reaction 89 mxture was diluted by addi ng ethyl
[0325lacet at e (200 m.), and the solution was washed with

COHSRSAL ML L@% was repeated by using

’ﬁ@é enca onat e

the Crlé% ed‘*%’ahe%ﬁml%%ﬁfiiwmﬁﬁs%él"r]i%{m%T%’F‘P ab™ {50 nt)

5 phenylcetrhyh] pyorokidimaepreduted nin SRef ¢oence | @y@mphmB Aried
(sterea\iéé‘m@ﬁhy@lr ous7sogi um 63l i) BRdoBEA B 2 @HDY | ng ihemmol,

essicat i qutlonb f tion S e
s stepfe BER o I R otredd i e ST
[0326]obtain the crude product in the formof an
'H-NMR | @@y 8t e.cothe) 5 hysmobt@igwediay ude, product H4) the 11-1.21

or |scynat I S50 n 4- di xa 105
10 QA m)ElGinrrL dcgNLﬁ dr%cﬁr?c ggp Ij{ n?_i \/vfais}g)%(ldgfH 1&)
1.55-1 9% (5hi B ort - Bk 156 Hi it dbe vias? e bty o an 517
2.55 (Pathatd 60Q@ foriHz B, 52 holr 61HThe, réact? on Iﬁzktu?e%vaélH t, J
= 8.7 gPncentiat edyunger gredgceduzpr easyie,(1@anNddke , 7.19-7.31 (5H,
m) concentrate was azeotropically distil I ed with
) et hanol . To the residue was added water (30 ni) , and
15 MS (ESHatufst ed385 M#Bous sol ution of sodi um hydroxi de was
[a] p2°-taddedoi Be afc i £eg bagd, WwikiTorstdrdj ng for
[0327]al kal i ni zation. The result]i ng m xture was extracted
wi th di chloronet hane (150 nL + 2 x 50 nlL), and the
[Referepefamiaiifersl! were conbined and dried with anhydrous
(3R* , AROcH inBengdf lapsercafibanyl-3 - (tert-butoxycarbonylamino) -4 -

20 ethyl-3-methvlpyrrolidine

[0328]
Ph 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} -1-phenylethyllpyrrolidine produced in Reference Example 40
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removi ng the dessicating agent by filtration, the

sol vent was 20 renoved by distillation under reduced

pressure to obtain 1.79 g giquantitative) of the crude

target conpound as a greenish brown oil. The thus

obt ai ned crude product was used in the subsequent

reaction wwth no further purification. [0322] 25
(sterebitbiiEr (EBO MHZ3 €£DG3)B ppoi) 1tdoBHnt] . 752 §. 64.83 mmol,

79%) oftahe1t§g§é§kﬁom§§uné-é@ &ﬁ?ﬁlé%ﬁinﬁo%yﬂmfgb&ﬁfﬁ d, J

[033O]Hz) 268(1H d, J:98Hz) 3.13 (1H, d, J :98
H-NMR Hz)QO0 VR, (AM'1.09 Dpm:7.2.P#)}1.U0243H, 38) (5M,. 18- 1VB2 (1H, m),
1.41- 1(&5'1121@”2111 247 sdH) b9 B0u] 0823]1[ReferemcerExanp) e3.12-

3.26 éﬁ% g 3~ Bul dx caTbonyI%n$%o % 3H'thy1 B Teth ?-I-%’ 4.10
(0.78, (w1 %ehWetWﬁ/pyﬁ?rQﬁ’T%i%% (o | 75 30T Al ok

MS (ESMeMnG:: - 39Bh (M-tBuPH.i soner BB i soner BB [0325] The
[alz5lprog§guge pé F@geiggc ﬁ%g@gkgrﬁp was repeated by

sing
{0331](3R* 4S*) - 3 an1no 4- et hyl - 3-net hyl - 5-oxo-1-[(R) -1 5

[Exampb@eh@]ethylIpyrrolldlne produced i n Reference Exanple
[ (3RBURK S LA SRl e BE/1 13 AR thy 1 PSrdMM In {1 0- w0t 86 NEluocro-1-

[(1R 2] P Eeey Il i O SIPR LR T T

Ul aos o rc I Tu Ul [ VO£ U]

MW&MH J=81H), 1.11-1.21 10

%
<
<1
B
hm

[0332](1H, n), 1.31 (3H, d, J = 6.3 Hz), 1.42 (9H, s), 1.52
(3H, s), 1.55-1.65 (1H, n), 1.78-1.86 (114, n), 2.27
(1H t, J = 9.2 Hz), 2.55 (1H d, J = 9.5 Hz), 2.81
(1H, d, J = 9.5 Hz), 2 61H, t, J = 8.7 Hz), 3.33
(1H, q, J = 6.5 Hz),F4. 20 bes), 7.19-7.31 (5H,
m. 15 Ms (ESI) m z: . [a] D25.1 = +30. (c

Boc—N O- . GRLRr of E [ Ref erence Exanpl e COOH
Me——(» Me—y—( + OMe A F
N — N R o N ’
Coz A \-TQ:J OM%XVF
isomer BB iscmer BB NH,

[0333]

By using a procedure similar to Example 1, the (3R*,4R*)-1-
benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-ethyl-3-
methylpyrrolidine produced in Reference Example 41 (439 mg, 1.211
mmol) was converted to crude (3R*,4R¥*)-3-(tert-
butoxycarbonylamino) -4-ethyl-3-methylpyrreolidine (285 mg,
gquantitative), 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 mg,
1.201 mmol) to obtain 256 mg (0.565 mmol, 47%) of the title
compound as a white powder.

[0334]
mp: 167-169°C.
[a]p®® ! = -97.6° (¢ = 0.127, 0.1N NaOH).

H-NMR (400 MHz, 0.1N NaOD)8 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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(3R*, 4R*) - 1- Benzyl oxycar bonyl - 3- (t ert - but oxycar bonyl am
i no)-4- 20 ethyl-3-nethyl pyrrolidine [0328] Boc-N
Boc-N Me Me e-1- Ph Cbz , goisoner BB isonmer BB [ 0329]
25 The procedure of Reference Exanple 36 was repeated
by using the
(3R*, 4R*) - 3-(tert-but oxycarbonyl am no) - 4- et hyl - 3- net hy
10.5 HZ}) -3 [{R)3 17phesty] ethyld pyr+olddi O produced 3 n(1H, dm, J =
66.4 Hﬁefefe@e fxanp &40 9 s(pﬁz)eresalas@'TPmB 2.03 g,
Elemen6 % btaclnH é m%J o 79/() of the
"taa’ﬂ@eﬁ‘ e fﬂ“lz Om ’d%ﬂfﬁy &P, [ 0330]
CalculBtENR (20058Hz27: COC18) 85 pphh @ 94; 1NQO2¢(3H; m),
Foundlii'@;%QZBill'h %54??H111;4r§,:i%411\21(é§.2|-28?)2i_| 1h;39-1- 69
‘Fmé’. e 7§]2§ iﬁMl#? "3.96 (0.3H, d, J = 11. 4.10
IR (ATR)y, 7R26f), 24383 @BA3.pr§p1 515885 1Lg1(22H15ﬁ)7 1537, 1493,
1456, 1AZM/- 71% (SH5a1) .13 (@4) mzs1 367 (Mt Bu) +.
[0335][a] D25.1 = +10.5 (¢ = 0.260, chlorofornm 10 [0331]

£ r%e 14 7 [(3R*
[Re ere[ﬂ@é) ARlet hyl - 3-methyl pyrrolidin-1-yl]-6-fluoro
tert-Bufl¥l 2-0oxo-1-[(1R)-1-phenylethyl]pyrrolidine-4-carboxylate

[02336][ (1R, 2S) - 2-f 1 uor ocycl opropyl ] - 8- met hoxy- 1, 4- di hydr o- 4-
oxoqui nol i ne- 3-carboxylic acid 15 [03321 0 F COOBF2
HHH\ I | OBoc-NBoc-NF INF COOH M Mew-( Owe
/[fLVENNN W HOWw L F isonmer BB isoner BB NH2 LV

OHBy using a procedure si to Exanple 1, the
, 4R*)-1- 20
yl oxyceatbonryt—3—0terte ycar bonyl am no) - 4- et hyl

[0337]

To a suspension of 2-oxo-1-[(1R)-1-phenylethyllpyrrolidine-
4-carboxylic acid (1165 g, 4.994 mol) in dichloromethane (10 L)
was added O-tert-butyl-N,N’-diisopropylurea (3020 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 for 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
filtration, and the solvent was removed by distillation under
reduced pressure. The residue was purified by silica gel column
chromatography (silica gel, 4kg; elution solution, 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.

[0338]
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met hyl pyrrolidine produced in Reference Exanple 41
(439 ng, 1.211 nmol) was converted to crude
(3R*, 4R*)-3-(tert- 93
but oxycar bonyl ami no) - 4- et hyl - 3- net hyl pyrrolidine (285
ng, quantitative), and 283 ng of the product was
reacted wth 6,7 25

Low porﬁtfiwpmsdménflR 28) 2-fluorocycl opropyl ] - 8- et hoxy 1,4

1H-NMR bl 0 4%“(9%"3’ c %%Q J - 7.08)
d@qu or &h c" Eg 4%4 Eﬁ% f bt '

2.59-2 94 (AR onbore coiPh Gy (0 T ¢ 41 (ff%“n%%uﬁ%"as L7, 8.79

Hz) , 3mteupovm; T [93B4]7. 3@ Wp:HA67- 16067 {34 DBH L ™) .

High p@fggfh Clsoﬂbﬂ27 0. 1IN NaOH) 1H NWR (400 WMHz, 0O.1N

pm 9 4
"H- NMRm? &“ﬁbzp %%03% £’H¥‘ 119#(1%{ H§'3 352@3@‘ é (5H‘ 7.32)
2.59-2g95 43H5 W) ,3 NBA 3L Te(1H,1h 3 3le7{WH 0xAq 11 mlo .01,
5.62 HH 02 (3H (o dd=-066. %0 Hr), .65 K4H 17,24-7 46. 66H, m).
[0339]Hz) 8.39 (1H, s) El ementary anal ysis for
C21H25F2N304' 0, 5|—|20 0.5EtOH Calculated: C, 58.27; H,
[Referqnog Exammglaygh3ly  9.27. 5 Found: C, 58.31; H, 6. 46;
tert-BUEYB. 0B3) N 1810871 M5 AR - il kR) 4P2olidurdethy H gywiRylidine -
3_carb%2gtg 2939, 2883, 2831, 1728, 1612, 1577, 1537, 1493,
[0340] 439, 1389, 1358, 1302, 1284, 1261 cm 1. [0335]
10 [Reference Exanpl e 421 tert-Butyl
2-oxo-1-[(1R)-1-phenyl ethyl ] pyrrolidine-4-carboxylate
: [%g)%%l‘ COOH COOBu™ 15 [0337] To a suspension of
| -[ (1R) -i - phenyl et hyl ] pyr otoaBute- 4-carboxylic

@id (1165 g, 4.994 nol) in dfchl oronethane (10 L)
o s added O+tert-butyl-N NOUrnSopropyl urea (3020 g,

15.00 nmol) at roomtenperaturg with stirring, and the
rion system was cool ed 207b ing ice watep to
oli{g# bath when increase of inne enper ature and

start of the refluxing were noted. Wen the
[0341]tenperature decreased to roomtenperature, the
Teeactdddmdliof W tayas widyl exd-dxa5-1- hor) aft er

phenylé:fggiv]% 468 bftét% k%}%lfe%e (341048 f%byo NS T f Oin

, Irrin ctlon mxtu in 25fm|ce
N,N dlﬁ%ﬁtmﬂo’f}orﬂw&e the? iTelol IR
0.418 nl), and then sodium hydrlde {55%, in 011 11 35 g, 0.260

mol) was added at room temperature in nitrogen atmosphere while
stirring 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

9.

outer temperature of 17°C, the mixture was stirred for 23 hours.
The reaction mixture was poured into cold aqueous 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 agueous 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,
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filtration, and the solvent was renoved by
distillation under reduced pressure. The residue was
purified by silica gel colwwm chronatography (silica
gel, 4kg; elution solution, hexane : ethyl acetate,
3:1) to obtain 925.2 g (64% of a mxture of isoners
at 30 position 4 as a pale yell ow syrup. Although
hexanesepethylomcetathewassoh&ngedasoeasy) theobtamer $0WeB eg

(33 75 PSEE W Loy &1&@9@&&5&%@93@ £ P SHBRBAURAL a8t 8Pwhite

soria, oo Taceh Lot R S e e SR -

4-methybt ar dxg- 1 S OhER) —11-phm@a@@yl/lﬂyrc@a@}lsepﬁm:ar_r_bqsylate was
also ckOkingd, 1.54 (3H d, J = 7.08), 2.59-2.74 (2H m,
[034215 95-3.03 (1H, m), 3.14 (1H, dd, J = 9.77, 8.79 Hz),
49 (1H, dd, J = 9.77, 6.35 FE) 7. 26 7.36 (5H, m. 5
*H-NMR Hi4dip MZarlq]%ﬁlzslérrPPm 1H NWVR (W00 Mz, h[i%:%;?ﬁppﬁn J = 7.10
Hz), 21236 1®H das)7 4.53.¢3kk) d,2J9z 71B2)d, 2.5912. USH@)ZH 3.05
(11, d 3. P% B é%f(1§‘3ﬁ@(1§ 1§, (3H. dg.1 JHZ%105O§0 gl
, 3,51 (IH _dd g b.01,” 8. 54 Hz 24.7.36 (5H"
7.1 thj $933 16:TR@T rence Exanple 43] tert-Butyl
[0343]( 3S) - 3- et hyl - 5- oxo0- 1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne-

{Referéhééﬂﬁ&&ﬁ$f§E4£p340] CCEBu ACOCBu 15 [0341] To a
rert-BOOY PO Of SRyl 2 ANER é&.- = Him) a1-
f y g, 0.104

Phenylaﬂ py RO NL A HI Qe G2 F Rk e (210 nL), |odonethane
[0344]26.0 m. (59.28 g, 20 0.418 nol), and then sodi um
hydride (55% in oil, 11.35 g, 0.260 nol) was added
at roomtenperature in nitrogen atnosphere while
irrjpng the mxture. Wh@n ipner tenperature increased
Met 8.gbsut  50C, the}&§&@t| ,likture was cool ed to 30C
y addi ng +ee—wat er outer bath. After changi ng
he bath to a wat erg#at at an 25 outer tenperature of
17C, the m xture was stirred for 23 hours. The
pgaction m xture was yed into cold aqueous sol ution
of citric acid (1L of 10%citric acid and 500 g of
[0345ﬂ ce), and after

0™y

To a solution of tert-butyl (3S)-3-methyl-5-oxo-1-[(1R)-1-
phenylethyl]pyrrolidine-3-carboxylate (10.0 g, 33.0 mmol) and
triethyl phosphite (6.78 mL, 3%9.6 mmol} 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 agqueous 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 aqueous solution of sodium
chloride (200 mL), 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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stirring the mxture for 30 mnutes, the m xture was
extracted wth ethyl acetate (800 nL, 500 nL). The
organic layers were 30 conilgsned, and washed with
saturat ed aqueous sol ution of sodium chloride. After
drying with anhydrous sodiumsulfate, the m xture was
subjected to filtration, and the filtrate was
[O346]Concentrat ed under reduced pressure The concentrate

gf 0 Lk 4:algft g%t hexanze 35 4et yl
m), 5. %E ?gﬁe giﬁ ’ éﬁ? I(%fotﬁ of the | ow polarity
MS (FARSomsfz: 9320héMaHé : ethyl acetate was changed to 4:1)
HRMS PﬁBtﬁﬁm¥d1 1@a@3dgfo&3&1J%QN©J hizgl . pslsar;i t youg@rersidelsss.

TR (AT]%O\t?vl e(§| t;@ ng%?. A t2§r6tos’gll}{7g1 13%%14 1% 3%, 1369,

1304, 342‘rr%t h%f??*@s o3<7b67 ¢11R) - 1- phenyl et hyl
[0347]pyrrolidine-4-carboxylate was 5 al so obtai ned. [0342]
rRefer%ﬁbé\"\@{;ﬁrégpew CDC13) S ppm 1.34 (12H s), 1.52 (3H,
, (.10 i 2.27 d 7,0 Hz), 2.93 (1H,
tert-Byt . - 0%y Hz), 3.32 (1H,
phenyl@thﬂlkpﬁﬂrqliﬁz)ne&5©arb_¢1:cyt_1at6 = 10 7.1 Hz) ,
[0348]7-23-7.38 (5H, m. [0343] [Reference Exanpl e 44]
tert-Butyl (3R)-4-hydroxy-3-nethyl-5-oxo-I-[(1R)-1I-
phenyl et hyl ] pyrrolidi ne-3-carboxylate 15 [0344] fMe
-O.< Me Lok O-NI p~. I P%h [0345] To a solution

fSte utyl (39)- 30 i, hL x0-1-[ (1R -1- 20
chn'%:ﬁw | pyrroli d| -c%rboxyl ate (10.0 g, 33.0
trie
o

(3H,

) and hyl hite (6.78 nL, 39.6 nmol) in
hydr ous tetrahydrof an (165 L), lithium
i strinethylsilylam de tgp.1 n, 46.1 nmmol, 1.0OM
sdlfuti on in tetrahydrofuran) was added at _5C, and

[0349]the m xture was stirred at the sane tenperature for 30

m nutes. 25 After bubbli oxgllg %gs into the

Tea oo W Fort évurosglf WK agtigerishy 1 -5-oxo-1-
- Sabhsn e thy Binpyont i Eiher 3 dm:(ﬂﬁf)yllé_@e was. asldgd 2$03 mmol)

in tetfgrﬁ(ﬂa%ra%' (LA o, g% @0 Ner ML Y@s

entrated un er ressure 1
tetrah ? t én E mmo .17M so égioé gg nL)

tetrahydrofuran) was added 1n 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 mL x 2). The organic layer
was washed with saturated agqueous 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, CDC1;)$ ppm: 1.25 (3H, s), 1.32 (3H, d, J = 6.6
Hz), 1.44 (9H, s), 1.92 (1H, 4, J = 6.6 Hz), 2.39 (1H, d, J = 9.5
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and the m xture was extracted with ethyl acetate (200
mL x 2). The 30 organic |ayer was washed with
saturat ed aqueous sol uti onggf sodium chloride (200
m.), and dried with anhydrous sodium sulfate. After
renovi ng the solvent by distillation under reduced
pressure, the residue was purified by silica ge
Hz), 2089 UmHchidnal cgraphy I hexame, L1842 a2t i, mil; 12-32 (1H,
d, 7 =54 4p oblain 911@1 (L'9L3€%6(*ﬁz)t heytidle 4851y, ), 720
compound as a pale y&llow oily substance. 95 E 0346]
7-30 (54 NMR (400 Mz, CDC13)S ppm " 1.24-1.54 (15H, n),
MS (FAR)6#/4.:54308H M+H) 5.44-5.51 (1H, m, 7.26-7.37 (5H,

HRMS (FAB*) ((ZFABcélaiiZfo&@w ':- 206RYBes 6 FABgummd 7 : 306.2064.

| cd r C1 32
IR (AT %TR)@‘*%%%S% Ngg3é93§718§ 835% g”? }]7%?)48é6 1493,
1477, 1apse, UF6H, 12804, 121%9 1%1213,0“]1.167 cm1l. [0347]
[0351]] Reference Exanple 45] 10 tert-Butyl

[Referéﬁ%@ #&%ﬁﬁ? x% 3 met hyl -1 -[ (1R) - 1- phenyl et hyl ]

yrro car boxyl ate [034 HO Me LOK Hq_
tert- Bqﬂyh:;}&%r -4 - 3-meth
3- carbqﬁyaaMEhydroxy 3- net hyl - 5- oxo- 1| -
[0352][(1R) 1- phenyl et hyl ] pyrrol i di ne-3-carboxyl ate (9.35 g,
.3 mml) in tetrahydrofuran (150 m.), a solution of
borane in tetrahydrofuran (82.6 nL, 96.6 nmmol, 1.17M

rrgﬁldlne—

solAtio |n 20 tetrahydrofuran) was added in an ice
%I the m xture was st rred-roomtenperature
@ hours._\atgr (20HOLYE Etdansl (80 nl), and

trlethylan1ne (20 nm) wer¢ added to the reaction -

Mxture in an ice bath, the m xture was heat ed:;,
der reflux in an oil batth at 88C for 2 hours. Aft'er
coffBentrating the reacti on“nmixture 25 under reduced
{0353]pressure wat er (200 nmL) was added and the nixture
was extracted with ethyl acetate (200 nL x 2).
Tor Gasicd utdysy ofinde whadhed Wi (3R s-aﬂnhyaiwiérqiré%ﬁ]%ﬂyl 1-[(1R) -
1- phenﬁ@ﬁnqurpﬁrcﬁmimmmrm}(m ()00 @nds B3 ethad X hin

ethanolan(l'iy atl on %ﬁgﬂl Ie_LC e $0f ey Mst%rm)bywas

st uced pressure, d

e resi dgue
added a5) HeRR HATHSAF TP AT 4 RSO T et GRS 1
minuteg.heRdner: cetrghtraténgt ¢he Iehorsioh mjixtorebtuamiderd rEgluced

pressur® @R HisH14ihRy tdd &esidue 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 mL) 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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conpound as a colorless oily substance. [0350] 1H NWR
J

(400 MHz, CDC13) 8 ppm 1.25 (3H, s), 1.32 (3H, d, J =
6.6 35 Hz), 1.44 (9H, s), g7 92 (1H, d, J = 6.6 Hz),
2.39 (1H, d, J = 9.5 96 Hz), 2.69 (1H, dd, J = 9.8,
3.9 Hz), 2.75-2.82 (1H, m), 2.92 (1H d, J = 9.8 Hz)
3.31 (1H, q, J =6.6 H), 4.38-4.45 (1H m, 7.20-
[0354]7.30 (5H, m). NS (FAB+) niz: 306 (MtH)'. 5 HRVE ( FAB+)

1H - NMR 19k GHE RN 96 955, Founds, 3 4. 5. 10 (1w,
dd, J T{DEéA 14%38(% @93 ?%gﬁz‘%éé% %;31% y??i%%mﬂi)' 4.45-

4.51 (%HBS@] ?F@ﬁeﬁ%ﬁceSExaﬁp2é 16}81©5Herm18utyl
MS (FAEBRm/z benzyl quyearbonyl - 4- hydr oxy- 3-nmet hyl pyrrol i di ne

HRMS li%lg"[ Og@%oxylcg h&ql @3 gz]chskﬁ%@% 98% H@llYE LEKund. “Ph & 1789 .

To a solu
(ATRBR) - £433\idr @7.83- ﬁgﬂﬁy|qaﬁﬁ(1gp54 1788 1707, 1687, 1498,
1456, 14@heny397hy1$pyrrbt$winezBapalbexytmﬁe (2.00 g, 6.55
[03 ]nnol) |n et hanol (10 nlL), i N hydrochloric acid (6.88
nﬂn % ra added at roomtenperature, and the
[Referﬁ?Q?ug%a Ttred for 10 20 minutes. After
tert-BebntefR) al i pgnintoxgoarbony ht Xtme thyhdér oxegyredlidine-3-
carboxyiggéure and di ssolving the residue in ethanol (50
[0356] mC), 100 pall adi um carbon catal yst (200 ng) was
added, and the suspension was stirred in an oil bath
at 50C for 14 hours in hydrogen atnosphere. After
fllterlng the reaction mxture, the filtrate was 25

con and the dleshy-é%ﬂ (30 nL) and
Hoéﬁ%ﬁ sod|un1 hyd gﬁg ate (30 nL) were added
e

he resi due;,—ard yl oxycarbonyl chloride (982
88 mmol ) was add n an ice bath. The m xture
mﬁ% stirred at roon1te erature for 3 hours, and the
réaction mixture was ex racted with ethyl acetate (100
m. x 2). 30 The organic | ayer was washed wth
[0357]sat urat ed aqueous sol ution of sodi um chloride (20 ,
T )a @sichitidre b v dzba Brih et losi God{une suhf at €1 . 7 Theol) in

dlchloé&hé/ﬁﬁgnénﬂmeﬂgyed bx ;86 bh! Ak aamggq&gﬁl rRAYCEd de (1.11 mr,
ressure and e resi ue was_ purif y silica ge
15.6 m%Qﬂbnﬁ“d%%%P%@%@ﬂ%&ﬁﬁne {5 mL) was added at -78°C,” and the

mixture was stirred for 10 minutes. After adding a solution of
terthutyl (R) -1-benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-
3-carboxylate (1.97 g, 5.87 mmol) in dichloromethane (15 mL) and
stirring the mixture for 1 hour, triethylamine (5.98 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 aqueous 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 aqueous 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
oily substance.

[0358]



10

15

20

25

30

35

(hexane : ethyl acetate = 2:1 -+ 1:2) to obtain 2.00 g

(91.1% of 35 the title conpound as a colorless oily

substance. 97 [0354] 'H Nd¥R (400 MHz, CDC13) 8 ppm

1.30 (3H, s), 1.44 (9H, s), 2.10 (1H, dd, J = 30.9,

3.8 Hz), 3.26-3.45 (2H, m, 3.68-3.79 (2H, m, 4.45-

4.51 (1H, m, 5.13 (2H, s), 7.28-7.38 (5H, m. 5 M
H-NMR (=AM, z:c033G) §Mibh: . HRMS (j-‘}ABId mz:= C@Ja:d{zf)o,r 1.38 (9H,

s), 3. %@ g@@“ﬁ@ $36. 1814 yEpundl: g 3? {ATRWz) g2 10-
42 2978, 2 85, 23 4 07 1687
4.19 (Yf5ah) 145335 g%“i ‘ﬁigj 1 &%30 ’% b1 %nf!i (f%s 7.30-
7.40 (9B, [Ref erence Exanpl e 47] tert But y|
Ms (FAE®) wl-Dbenzyhoxyeaybonyl - 3 met hyl - 4- oxopyrrolidine 3-

HRMS %@%ﬁ? /Iateg%ggg6% FHQ ﬁ%ﬁ C§36116 ;Pg££§57%34ﬂ1643

|on oxa
TR (ATR)¢hl @06iet RaHé . (2@8@h)17é850ﬂﬂﬂﬂ0n1698d|ﬁéﬁﬁyl1421 1363,

1290, Ba$oxiTes (11144 ndm*.15.6 mol ) in dichl oronet hane (5
[0359fn) was added at -78C, and the 20 mixture was stirred
or 10 mnutes. After adding a solution of tert-butyl
[Referenge 1=rRAR Al ar bonyl - 4- hydr oxy- 3- met hyl pyrrol i di ne-
tert-Bitwhr xyl dben£ il &7y ep B8yl Mg thinl ot ohe iohhphetdrane

pyrrol{dthdll-a&shosfiddd ng the mxture for 1 hour,

”YEEEEFTTETﬁVTaﬁTﬁéé%S_QB m., 42.9 nmmol) was added and the
m xture was stirred -78C for 30 m nutes 25 and in an
ice bath for 30 mnutes. To the reaction m xture were
added saturated aqueous sol ution of ammoni um chl ori de

(89 nL) and water (100 ﬁti, d the m xture was
omexiirackeéd with ethyl tBtg-~200 nL x 2). The
gafi c 1ayer was was with water (100 nL) and
saturat ed agueods sol n of sodium chloride (100
ML) and dried 30 w.thjanhydrous sodium sul fate. The
zol vent was renoved byZ distillation under reduced

pressure, and the residue was purified by silica ge
[0361]col um chromat ogr aphy (hexane-ethyl acetate = 10:1 -*

o 2 dol b rofl bl gy (i85 iénefpidepdriwen danpoide &5.02 g,
5.65 mﬁbf¥”fﬂ|§ﬁﬁ§drous tetrahydrofuran (30 mL), n-butyl lithium
(3.11 mL, 4.78 mmol, 1.54M solution in hexane) was added at -78°C,
and the mixture was stirred for 20 minutes. At the same
temperature, a solution of tert-butyl (R)-1l-benzyloxycarbonyl-3-
methyl-4-oxopyrrolidine-3-carboxylate (1.45 g, 4.35 mmol) in
anhydrous tetrahydrofuran (15 mL) was added, and after gradually
increasing the temperature, the mixture was stirred at 55°C for 3
hours. To the reaction mixture was added 10% agqueous solution of
citric acid (30 mL) in an ice bath, and the 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 agueous
solution of sodium hydrogencarbonate (50 mL) and saturated agueous
solution of sodium chloride (50 mlL), and dried with anhydrous
sodium sulfate. The solvent was removed by distillation under
reduced pressure to obtain 710 mg (49.3%) of the title compound as
a colorless oily substance. ' '

[0362]
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oi ly substance. 35 [0358] 98 1H NWR (400 MHz, CDC13) S

ppm 1.34 (3H, d, J = 4.9 Hz), 1.38 (9H, s), 3.46

(1H, d, J = 12.0 Hz), 3.819gplH d, J = 19.0 Hz), 4.10-

4.19 (1H, m), 4.35 (1H dd, J = 5.9, 12.0 Hz), 5.19

(2H, s), 7.30- 7.40 (5H, m). 5 MS (FAB+) miz: 334

(MH)' . HRVB (FABt) miz: Calcd for CL8H24NCE:
g-nMR 33b0l6b%;, Eound)s389m1643.365 | RHATR) U 2%l H941,1.39 (9H
d, J—Z% H%7683 71@1@{%2@% iiug Rl"lelllzg% 12995 - 4268, (
m), 4. %%r‘% H, m), .J; (4{ c e)ren_fe ;X?rg)é (Efll§] m} .

MS FAJ:‘@*S)%T\]!zhenZWOXMeH#bonyI 3- net hyl - 4- net hyl ene
HRMS (IPAE™) Olnd/(%' nec§1@aE89X§le@159\Tdi4036@]32019762ME F&dng OMB 32 \1869.

L AR hadgfoniditor dide (4302 44175, 3362, 1308,
1275, Tawl) 1211%mh§ﬂeﬁ%ugﬂtetrahydrofuran (30 m.), n-butyl
[03531I|th| um (3.11 nL, 4.78 muol, 1.54M solution in

d at -78C, 20 and the mixture was
[Refergfl rreda#Wr 20 'm nut es. At the samng ure, &
5 Lpigugt , , Ryprelidiie-3-
carboxymimyaexkioxopyrrol i di ne-3-car boxyl ate (1 45 g, 4.35
[0364]™®l ) in anhydrous tetrahydrofuran (15 nL) was added,
and after gradually increasing the tenperature, the
m xture was stirred at 55C for 3 25 hours. To the
reacti on m xture was added 100 aqueous sol ution of
C%D%md (30 nL) in an ice bath, and the sol ution
M centrated u JFe8bced pressure. Water (100
) was added to th ncentrate, and the m xture was
tracted with ethyl tate (100 nL x 2) . The
jorgani ¢ | ayer was washlied with saturated aqueous 30
ol uti on of sodi um hydr ogencar bonate (50 nL) and

saturated aqueous solution of sodiumchloride (50

(03651 m.), and dried w th anhydrous
To a solution of tert-butyl (S)-l-benzyloxycarbonyl-3-

methyl-4-methylene pyrrolidine-3-carboxylate (710 mg, 2.14 mmol)
in dichloromethane (8 mL), trifluorocacetic acid (4 mL) was added
in an ice bath, and the mixture was stirred at room temperature
for 2 hours. Saturated agueous solution of sodium
hydrogencarbonate (20 mL) was added to the reaction mixture, and
the mixture was washed with diethylether (20 mL). After adding 1N
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 solvent was removed by distillation
under reduced pressure to obtain 590 mg (100%) of the title
compound as a colorless oily substance.

[0366]
14-NMR (400 MHz, CDC1,;)& 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 (FAB*) m/z: 276 (M+H)"
HRMS (FAB') m/z: Calcd for CisHgNO,: 276.1236, Found: 276.1222
IR (ATR)v: 3064, 3032, 2979, 2945, 2877, 2362, 1705, 1le72, 1438,

- 1423, 1362, 1309, 1257, 1213, 11e7, 1124 cm™t.

[0367]
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sodi um sul fate. The sol vent was renoved by
distillation under reduced pressure to obtain 710 ng
(49.30) of the title conmpoymgl as a colorless oily
substance. 35 [0362] 99 1H NWR (400 MHz, CDC13) 5
ppm 1.36 (3H, d, J =6.6 Hz), 1.39 (9H d, J = 2.0
Hz), 3.24 (1H, dd, J = 13.7, 11.2 Hz), 4.05-4.16 (2H,
[Referadce 4ERAOmAIR95¢ILH, n), 5.04-5.18 (4H, m, 7.29-7.38
(8)-1- ﬁéﬁ&yf@xyé@%ﬂ£ﬁ§ﬁ)3nt@er@S@uﬁ&&F&arbénff@ﬁﬁﬁ5¥ig)m@fﬁyl 4-
Calc 1Tor Cfl HAONU4 5372, I'ebZ] FouUNnad. ssZ. 160Y.
methylengpyrrol 935, 2873, 1705, 1498, 1450, 1417,
[0368]1362, 1308, 1275, 1257, 1213, 1159 cm 1. [0363]
[ Ref erence Exanple 49] 10
(S)-1-Benzyl oxycar bonyl - 3- met hyl - 4- et hyl ene
pyrroI|d|ne 3- carboxylhc acid [0364] 710e Ok Me COON

CGOOHI5 [0365] To tBan of tert-buty
|S) - 1- benzyl oxycarb -3- net hyl - 4- et hyl ene
NPYrrolidi ne=32tar bo te (710 ng, 2.14 nmol) in

idlchloronethane (8 mi trifluoroacetic acid (4 n.) -
was added in an ice ath, and the m xture was stirred
at roomtenperature 20 for 2 hours. Saturated aqueous

[0369180l ution of sodiun1 hydr ogencar bonate (20 nL) was

dded t t he re xt ur
Tt T e o S e ol T “?ﬁj&@é' |
methylﬁ?@rmhr@ll@lla%ﬁj"F%‘-’I?CPPéWah%e%@lkdI 559, m%'he2 %(tfunl%l) in
toluen@ﬁ§2EXﬁLﬁCtﬁﬁheﬁhﬁiaﬁiﬂ@rQi@?nmIJOD . m) ) amﬂ diehenyl

phosphor mz(::l gg dri e_,-ds%rﬁ(lj‘l é) S "Hﬁ% mixture
V S ate sol'vVent™ Wwas r atlon
was st reRd ‘?%d{f&%‘ﬁi PRI D ‘B’Fajr then

heated tinider cofipaunth asn aoLblloxtlesst 012 VCSu’:bs:t eindmu:{ O%ﬁ}
concentdiFi NVR (41(1)&)3 M%ceg@@%@esmndﬂséﬂw(eﬁiirﬁ)h@cﬁ%x%rﬁﬁ (8 mL),

and 6N7h)édir<g«,1}§39o 11 4 20 3"' m déég %(fﬁ;%% ﬁﬁﬁ\ﬂg for 1
hour, waper) (M sz)CaW%@i 4@53@11‘5?11 1?6@?‘6%%@3*6%31?%%:&“ the
mixture Mad 222shédR ATR) dieY0Phe tBEB2(5RIAMD) . 2WHe 2RkQus layer

was alﬁg%géeéjﬁﬁth1&¥@uré§§§'aqueous solution of sodium
hydrogencarbonate, and 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
residue was dissolved in dichloromethane (8 mL}, and di-tert-butyl
dicarbonate (936 mg, 4.29 mmol) was added in an ice bath. The
gsolvent 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 colorless oily substance.

[0370]
lH-NMR (400 MHz, CDCls)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
(14, m), 5.01-5.17 (4H, m), 7.27-7.38 (5H, m).
MS (FAB*) m/z: 347 (M+H)"
HRMS (FABR") m/z: Calcd for CigHpsN04: 347.1971, Found: 347.1954
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1423, 1362, 1309, 1257, 1213, 1167, 1124 cm 1. 35
[0367] 100 [Reference Exanple 501
(S)-1-Benzyl oxycar bonyl - 3- (per t - but oxycar bonyl am no) - 3
-met hyl -4- nethyl ene pyrrolidine [0368] 5 Me GOOH Me
NNBoc N Z Z [0369] To a solution of
(S)-1-benzyl oxycar bonyl - 3- et hyl - 4- net hyl ene
IR (Aprbro:jﬁjme(z%mrw A czakaﬁ d :(éﬁ_@(g%sa? 114214%@1)41;9;1 1390,
0 [ yl am ne : nmo
1363, %985 yﬁg%y @% osp %F%I %2|de (508 |, 2.36 mmmol ) was
{0371hdded and the m xture was stirred at room
[RefeIEBnpeEaampéefﬁlll hour. The m xture was then heated

(8) -3-YpEeE - BREkYXatBoAP1 9hinBRL B - ﬁétﬁﬁ§catﬁét& meﬂé, Pdolidine

ol ve
[0372 , 4- di oxane (8 m.), 15 and 6N hydrochlorlc aC|d (4 nm)
was added. After stirring for 1 hour, water (20 ni)
was added to the reaction m xture, and the mxture

washed with diethylether (50 nL). The aqueous
Me] alrBoc was al kal i zed §§ H&@byrated aqueous sol ution

if sodi um hydr ogencar and extracted with
N hl or of orm (100 nlL x The 20 organic | ayer was
rdried with anhydrous sdﬁiun1sulfate, and-the sol vent
Zwas renmoved by distillation under reduced pressure.
The residue was dissolved in dichloromethane (8 nL),
[0373]and di-tert-butyl dicarbonate (936 ng, 4.29 nmmol) was
Afted 4 ngas wee babbledhentsohvesiuvasnsbir (gp-at 25C

menay (el S | 100 LIS LERAA R LSBT Ry oo
methylgpe PYEFPtiesy ! %??l%%fgéffkomﬁﬂ%)ch?oﬁﬁ?B@Pﬁﬁﬁ?fur&n (7
mL)} at (bpxanec pididce acetiaiark] sdluk ch F£l)1 icuiabtamintbbild and

tetrahy@r&ﬁéréﬁ) 96 &ﬂg taﬁaeso&ﬁgﬁowﬂgzﬁfga gﬁ%@f&ﬁé§ ) Oth¥ added.

t 0
The mistuse (i %Hﬁe e ofing EavpiaturD SoL 3 Blipyces.
Saturae@rguesus 1¢plujion, as- Ampen { 2R, cajor1dg2{ 20 7oL] 1¥ps added

at -78, axdkhe Middte Mas 791:%71'17eci3%_t( YoM temp-dtihR)for 30
mlnutegiz Qimgwgictlon mixture was added saturated agqueous
solution of sodium hydrogencarbonate (50 mL), and the solution was
extracted with chloroform (200 mL x 2). The organic layer was
dried with anhydrous sodium sulfate, and the solvent was removed
by distillation under reduced pressure to obtain 218 mg (72.9%) of
the title compound as a coclorless crystals.

[0374]

[a]p®> ! = -74.09° (¢ = 1.04, CHCl,).
'H-NMR (400 MHz, CDC13)8 ppm: 1.41-1.46 (12H, m), 2.90 (1H, 4, J =
11.7 Hz), 3.45 (1H, d, J = 14.2 Hz), 3.50-3.57 (1H, m), 3.69 (1H,
d, J =16.1 Hz), 4.64 (1H, brs), 5.01 (1H, €, J = 2.2 Hz), 5.04
{1H, t, J = 2.2 Hz).
MS (FAB') m/z: 213 (M+H)'.
HRMS (FAB') m/z: Caled for Cy3;H;31N20,: 213.1603; Found: 213.1600.
IR (ATR}v: 3284, 3199, 2978, 2922, 2829, 1695, 1660, 1556, 1441,
1365, 1333, 1288, 1279, 1248, 1176 cm .

{6375]

[Example 15]
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HRVE (FAB') miz: Calcd for CL9H27N204: 347.1971,
Found: 347.1954 101 IR (ATR)v: 3334, 2976, 2931,
2873, 1695, 1498, 1448, 143§ 1390, 1363, 1282, 1244,
1215, 1165 cm 1. [0371] [Reference Exanple 51] 5
(S)-3-(tert-Butoxycarbonyl am no) - 3- et hyl - 4- net hyl ene
pyrrolidine [0372] Boc M N-Boc Thw_H [0373] 10

7-[( 3sﬁm39mmanga3 mashbmbbL@éthplena ppfnblbﬂlﬁé 15&11 6-fluoro-1-

Oxoqulngl*_‘ ST, -78C to produce a m xed
[0376Bolut|on of liquid ammonia and tetrahydrofuran (20
m.), and sodium (162 ng, 7.04 mvol) was added. 15 The
mxture was stirred at the same tenperature for 10
m nutes. Saturated aqueous sgjutlon of anmoni um
i de (20 nm.) was aooed at -n%&b and the mxture
S JQSIE Ho nminutes. To
gat ur at ed aqueous
ron of soalu MNoonate (50 nlL), and the

g
§§Wéli was 20 extr ed @Mggégmloroforn1(200 m x
2 organic |ayaf M&s dré#8 with anhydrous sodi um

sul fate, and the sofvent was renoved by distillation
[0377]under reduced pressure to obtain 218 ng (72.9% of
the title conmpound as a colorless crystals. [0374] 25
'{ca]a mlqtj:on E 08B gl 3= (it 92y - IoHEEgy caP IR {8000 M methyl -
4-methylXdA8 ) Sy i divd - 246 rﬂ 2H . ™M wm@l PO I mélehyl =sulfoxide

o v R - 2 T g e
[(1R, 2§71}~ ﬁluqroc:gclzommpyﬂsl O mg Py - P Ltk 4 30 MBS
oxoquindlARig - 3Haarﬁﬁﬁy1im+@dzg}#ﬂdiffuﬁﬁdﬁfwaniCb?mg%gmr (337 mg,
o S e e N IR e

to the[qgnﬂqnﬁxqmﬁ_were added a mixed solution of ethanol and
water (ethanol : water, 4:1) (25 mlL) and triethylamine (5 mL), and

the mixture was heated under reflux in an oil bath at 920°C for 3
hours. The reaction mixture was concentrated under reduced

pressure, and 10% agueous solution of c¢itric acid (50 mL) and
water (50 mlL) 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 ml) and saturated aqueous solution 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
stirred at room temperature for 10 minutes. Water (50 mL) was
added to the reaction mixture, and the mixture was washed with
chloroform (50 mL x 2). In an ice bath, 10 mol/l agqueous soclution
of sodium hydroxide was added tc 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
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102 7-[(3S)-3- Am no- 3- et hyl - 4- et hyl ene
pyrrolidine-1-yl]-6-fluoro-I-
[ (1R, 2S)-2-fl uorocycl opropyhk- 8- met hoxy- 1, 4- di hydr o- 4-
oxoqui nol i ne- 3-carboxylic acid [0376] 5 OO F/
COOBFZ F, | COON FNNOw | F OWLF L v HZN M
[0377] To a solution of

residub3®as3plteEt eQUbpXyearbenyh ankzne) od- Feblykthanol, and the

- I [.dj 8 3 A
crystafs BERY) 8%5?@%&#%‘3%%&%%%E?,ESF%F% Fyl ahras 728 o
(57.9%) 95 |y15ﬁg gompaHRAdfod| bale yellow cryst 1s.

[0378] (1R 2S)-2-fl uorocycl opropyl ] - 8-net hoxy- 1, 4-di hydr o- 4-

) _@(?Jé | i ne-3-carboxylic acid - difluoroborane
mp: 16368@ ed>§:q()337 ngy 934 nol) were added, and the m xture

[0]0** s HEi-Pr edCaf Podth PemtelNaPlle for 3 days. The

"H-NMR r 6501 iMHe i ki 1¥ eNae) & apeent tated,(38ndsl5 flo4Bhe .72 (2H, m),

3.51-3CQﬂC¢BH[aﬁP,m@[@oadgﬁﬁQlﬁi?ﬁﬁésmlwéL@DSQf(Qﬁ?aﬂ?L andi (iH,
_wate anol,.: er, 4: a i yl ami

d. J "V\@E f{,ﬁ%i\hdﬂ'%ﬁe %@[)’(t ure%vvés éﬁe‘;}t e@)Ung’gr&F{e ’ux%i ’nnbe'18 (1H,

s}, 7-3%h 61H:pAthTar bHC{BE) 3 Bhbdr $1HThE. réact ftoR Hexture

Elementasycanaenst at dr uoder, F.e8doced sHpoessure, and 10%

Calcé?ﬁ#%%? g0l yhi an .of; Cist hisG &Ci @ (50 fL) 13nd 420 wat er
Xt Fac

were addéd to the 'residue, ‘and the m'xture was
Foun dd it R ePhiliafet dréi¢18o °-2°2). The organic
MS (ESThyefzwagstOava@hed 'with water (50 ni) and saturated
IR (ATRAMEOUS 330! UtHan Qfgig0dijwn, chlari de 570 fildzs Theygs, 1356,

ni ye s_dni ed 'with anhydrous 'sodi um
1338, g%??atg?+ghd{%¥€ €0l vent was renoved by distillation

[0379Junder 25 reduced pressure. The residue was di ssol ved

pyrido il 13, 3 ofé bE bi 4F ¢BPoRAZ k@) 6- canbenylte daifl, 10

[03g0]mIl /| aqueous solution 30 of sodi um hydroxi de was
added to the aqueous layer to pH 12.0, and the pH was
adjusted to 7.4 by addi ng concentrated hydrochloric

acid. The solution was extracted with chloroform (100

nmL x 2) The orggnic Iaéer was dried with anBydrous
¢§Q§Hn1suf ~andOPRE: F X COOH
BocH .
+ F N i N :
NH

EOC

[0381]

(-)-7- (tert-butoxycarbonylamino) -7-methyl-5-
azaspiro[2.4]lheptane (391 mg, 1.73 mmol), (38)-9,10-difluoro-2,3-
dihydro-3-methyl-7-oxo-7H-pyrido[1.2.3-de] [1,4] benzoxazine-6-
carboxylic acid - difluorcborane complex (580 mg, 1.76 mmol), and
triethylamine (0.490 mL, 3.52 mmol) were dissolved 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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sol vent was renoved by distillation under reduced
pressure. The 103 residue was purified by
recrystallization fromethaggl, and the crystals were
dri ed under reduced pressure to obtain 224 ng (57.9%
of the title conpound as a pale yellow crystals.
[0378] 5 np: 100-102C. [a]D25.1 = 118.9 (c = 0. 39,
an oilob&%’\')ég'ﬂobgt’\i\é}'(ﬂgﬁ Wiz s Qé]IMé\l&Qa)cs A PP AR was
conceniighed) paled rediCey e ibugers Ao R Sotbpflracy vge
dissolveqqip pphylgagetetp, Jihg sobat onpyas oiggtied ity 10%
aqueoub. &481(tkHon &0 sjtric7dcidH wdted, =atd. daklr)yat8d4dqligbus

solutifn df sdafuiZin1ELCABN af e aNAL NS S fHfer was dried with
C20H21E2N304' : :

5H20: | ated: C, .97: H .5, 35;
annyarguSG5g9TUR, SYOTIHE: EBUAURE CEOLTeRY, Vae BLHOVER DY 41,
distilhation1sndeB tESuFedl predoereMHilic nesideg ARy purified by
silica2889, cdléddn dhE4matddraphdidlaidh8rohdBhand396metBafiol,
98:2} gﬁ%F%§§§16}2%&’(%; § ﬁﬂb%; 58§79Lf gﬁgfgﬁgﬂgecompound as a

yellow(gE}yipredueEert - But oxycar bonyl ani no) - 7- net hyl -5 20
[0382Fzaspi ro[ 2. 4] hept ane-5-yl]-9-fl uoro-2, 3-di hydro-3-neth

1o Y s -7 i\ 2, 3-de] [1, _

- YLade M9z bRV Bl %%a%?’d[o['éé]sdf{ g) £ C&ogs

0.71-0. 7O BBEHNPT 8 4 R PONIKEY W 0 & 2kH *Boc®) 2511 §3a1pH: ).

1.61 (ZH) -, (Tert 6bst BRYcad bdRyK 2Hi ndil. 77met AQF35-2.2 Hz), 3.89

(1H, A@zagpirof204] heptape, (891509, 63. (8umm) ), 7.68 (1H, d, J =

S):9,10-difl uoro-2, 3-
14.2 H%fhy%f%‘}s-(?rﬁet hY1 2 7- oxo- 7H pyri do[ 1. 2. 3- de] [ 1, 41
MS (EShennédxazi4id 6M-dhrboxylic acid - difl uoroborane
[0383onplex (580 ng, 1.76 mmol ), and 30 triethylam ne
[Exampig.?g m., 3.52 mmol) were dissolved in dinethyl

sultoxide (5 nL), and the solutjon was sti '
(38)'1%Tf ﬁ%@ggg§7~me%hyf—5—azaspgro&2.4]heptané[%§915999?1u0ro-
2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3-de] [1,4] benzoxazine-6-

carboxylic acid

L=

[0384]
0 0
I
N N N N
£%S;J oN [%S;J o
NH NH,
- Boc .
[0385]

(38)-10-[7- (tert-butoxycarbonylamino) -7-methyl-5-
azaspiro{2.4]lheptane-5-yl1l]-9-fluoro-2, 3-dihydro-3-methyl-7-oxo-7H-
pyrido[l,2,3-de] [1,4] benzoxazine-é6-carboxylic acid (761 mg, 1.56
mmol) was dissolved in concentrated hydrochloric acid (6.5 mL) in
an ice bath, and the mixture was stirred at room temperature for
120 minutes. The reaction mixture was washed with chloroform, and
saturated agqueous solution of sodium hydroxide was added to the
agueous 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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40C for 24 hours. To the reaction m xture were added a

m xed solution of ethanol and water (ethanol : water,

5:2) (7 nmL) and triethylafsppe (2 nlL), and the m xture

was heated under ref lux in 104 an oil bath at 100C

for 3.5 hours. The reaction m xture was concentrated

under reduced pressure, and the concentrate was
with ldwssolsgdri nfethylixadetalatidhe (shllotbdbrmvas mashedol :
water,mbtg:ig?ﬁ §¥EE¥”Ebﬁ%4ﬁEﬂQUE%§c#i%éﬂfcafé rdat ety %%y&ng with

sat urated aguequs 5 sol uti odi um C rjde. . The

anhydrgis AP0  REy SR LhALe dr PR GPLReRhnHgdr BEOYSH i distillation
under sefifiged, paagdsthe. sdlhviamto v renpveiiiey talithe | tegidre, and
the in@@?@hléeg?ﬁ@é?@rﬁ§§ﬁf§mo?3§ b?ﬁfgygrﬂﬂﬁoﬁUr'f%@dfﬁWtrate

. . | L1 cnronmat ogr 1 C oronet nane. .
aistilfe GRaPF! rEALU0R SPLOTRLO0 TR L O D805 icg by
crystalhezatiee Ebppohbangla and geiedwiniey peddged. pressure to
obtain[9882hg 16t dBRued0D Miz) &DCIBE8tpphe QobdoinB0aélH yellow
m, 0.63-0.71 (1H, n), 0.71-0.79 (1H, m), 0.87-0.96
(1H m, 1.21 (3H, s), 1.42 (9H, s), 1.61 (3H, d, J =

[0386l5 8 Hz), 3.32 (1H, dd, J = 10.3, 2.2 Hz), 3.89 15 (1H
mp: 26fh270°€.11.0, 2.2 Hz), 4.15-4.69 (5H, n), 7.68 (1H d,

1 [OSSS%@I anmpl e 16%%é$
H-NMR Q0 5177 Omih IRt AN 5- &2 890i%-01%2. Bheftland 51471976 (2H,
m), 1.09-{3%or9L, 1.49 (3H, d, J = 6.8 Hz), 3.55-3.68 (2H, m),
3.73-3 838- (kiydfip; 34 N hyix-x]l-@xaﬂklagysiﬂiﬁl 1, 2 82de]44, 415, m),
_ yA zZihe-6 r ylgc aci 0 0
¢.52-4 PPN NERC 17458 R R so%%?%éss?‘zg fad, SGHH
Elementagey auptyeie b ¥ pracdseféaPbonyl ani no) - 7- et hyl - 5-
Calcudzaspi:r of2. 4Rhept aHe- 5- yRJ - 8- f kuone- B, 31@i.B%dr o- 3- et h
Found)! - &; 0¥9: gbk: ﬁyrsdekl,§534dekL1Ng]10.69.
M (FA§FQ% %925%%_Q®ﬁﬁﬂhqullc acid (761 ng, 1.56
IR (ATR)v: 3365, 2979, 2877, 1lel9, 1572, 1519, 1444, 1413, 1398,
1376, 13592, 1338, 1328, 1307, 1280, 1108, 1081, 867 cm ™.
[0387]
[Reference Example 53]
tert-Butyl (38)-3-methyl-5-oxo-1-[(1lR}-1-phenylethyllpyrrolidine-
3-carboxylate and tert-butyl (3R)-3-methyl-5-oxo-1-[(1R)}-1-
phenylethyl] pyrrolidine-3-carboxylate

powder

[0388]
_ o o] O '
Jo SR, SO
o * 0
o™y N N
,,l\Ph "L‘Ph "l\Ph
[0389]

To a solution of tert-butyl 2-oxo-1-[(1R)-1-
phenylethyl]lpyrrolidine-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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30 mmol ) was dissolved in concentrated hydrochloric
acid (6.5 n) in an ice bath, and the m xture was
stirred at roomtenperaturggdor 120 minutes. The
reaction m xture was washed with chloroform and
saturated aqueous sol ution of sodi um hydroxi de was
added to the aqueous layer in an ice bath to a pH of

was added Gat W@bwc&é@émﬁﬁ@ 3 nhsrédien actesbhoradyiiusie pH
stJ.rrlrI(éc’l t7re or?ﬁgg.lf‘(?e lﬁt 'J_%e‘ﬁascﬁ‘?rgster %ﬁ% ]1% e"é‘i§ | QS out

. a mxed s ution orn1 ano
50°C, t\m &eactipn mixkfmsy W@@nﬁqq Isg thee 3¢ Sahycaﬁayéﬂslcanwater
to the drytiery battlh. adfityedr aclsinsddiguhsulbedthe tt ke vedlariatast an

outer tf f?% déﬁti'}"lé:atd't?% nﬁ@(‘%‘%{rer léc%qzl rpe%islfcf?c 23 hours.

The reqqihiI LRI ST et oo 1T | 3 fods, Sharton of
citricfdqid atld off st | @t timlerc i@ dured P PF & sF elcghe and after

stlrrlﬂg?&llﬁileni&ﬂﬁl]:ﬂ# rids+ exh bl\/lnlﬂfé’§,t athe zaition-d rea esbaradted

: C ur |
with e%@%géeecdaré@ % der?L“t )2 C?heogﬁfg;%trﬁcn 1%3%]:@9 were
combingghydatd wﬁ%mtwa%@%@qwms hutidn of (sodiun
chloridk 208 fterlNriaOl) with BkRy4oMsMdpd iGuml NuNd@be .8 ghmmmixture
was su]c% %dy 5&% (ﬂﬁ.tfgtlcql 70arQi 7@1&( 21 ne 108 é&'f&eﬁ&rated
ander ApA i v, Cuinhgborienare vy R T ipl b, g
silica (geH, qglumn1Qh;am&mpqnaphy@(ehuumpqjwascﬁtquEQAaw_hexane :
ethyl dddtath &5 (dH , Sdnd Efesenkanyisnab¥skbel 0bw polarity isomer,
rexane CUBSOL A Sl e\ thoden %o B b JigFe o i
(33.7%)1(Rledigy neS auAD) iFomemalf (M) DUt (WER) 13 -yl -5-oxo-
1- [ (1R)2A7hh 287 &t H GGy risyi2 d 1kl - datelelyx il 8898, whili3¥y6solid.
14.91 %3@ 263385 H343, &1%@:71t)l218§6mé'11(83ﬁ ]@&meﬁﬁh Chdy -3-

0387 [ ef renc Exagg ]%31 25 te l%;ﬁﬁ?%ﬁ%%ﬂ?ﬁ? was

methyl —(53—

also Obzadaﬁﬁbxylate and tert-butyl
[0390](3R) - 3- net hyl - 5- oxo-1-[ (1R) - 1-

High p4¥¥yx%bigg%%kg%rrolldln?’spﬁarboxylate [03881 O0 M

‘H-NMR (400 MHz, CDCl:)8 ppm: 1.34 (9H, s), 1.52 (3H, 4, J 7.10
Hz), 2.27 (1H, 4, J = 17.0 Hz), 2.93 (1H, d, J = 17.0 Hz), 3.05

(1, 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, CDCl;)d8 ppm: 1.18 (3H, s), 1.44 (9H, s), 1.52 (3H,
d, J =7.1 Hz), 2.26 (1H, d, J = 16.9 Hz), 2.63-2.69 (1H, m), 2.91
{14, 4, J = 16.9 H=z), 3.63 (1H, 4, J = 10.0 Hz), 5.51 (1H, g, J =
7.1 Hz), 7.26-7.37 (5H, m).

[0391]

[Reference Example 54]
tert-Butyl (38)-4-hydroxy-3-methyl-5-oxo-1-[(1R)-1-
phenylethyl]pyrrolidine-3-carboxylate

[0392]
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11i-Ph 30 [0389] 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, {y7dinethylformam de (210
m.), iodonethane (26.0 nm., 59.28 g, 0.418 35 nol), and
t hen, sodium hydride (55% in oil, 11.35 g, 0.260 nol)
106 was added at roomtenperature in nitrogen
atnnsphere while stirring the m xture. Wen inner
dt-ure increased to2abou 50C, the reaction

e
%$' ye~was cool ed waM80S~-py~adding ice water to the
: er bath.” After chafging the bath to a water bath at
O™ 5 outer t enper at NyOf 17C, the m xture was stirred
r 23 hours. The reagtion mxture was poured into

col™ aqueous sol utiof offh citric acid (1L of 10%

citric acid and 500 g of ice), and after stirring the
[0393Ini xture for 30 mnutes, the mixture was extracted

wmtd1sﬁﬂuﬂldnxﬁﬂﬂueﬁﬁﬂﬂhﬂﬁi €ﬁﬁ)439meﬁﬂy143{ﬁﬁﬁil [(1R)-1-

Tﬁﬁﬁr ;Hﬁ? ﬂsgjlﬁﬁ% satur

phenylé ff) (fLutl on of sodi u 13Pl?orl Sg(wifter %r@{'ﬁp and tri
ethyl gj Ul S8 (<t thenRATRE teeranydroturan
(165 Hmmnnkﬂnhmnm(bﬁsﬂnﬂmHUhylsrﬁyﬂtdmadeIt43uzammw 45.7 mmol,

1.0M sSRQRGEM rat x%ﬁg§gsiﬁﬂgﬁﬁdxﬂL§ éq HThesconcent rate

f
mixturd i Lab el o @ﬁ%%%%%%%@@%éﬂw%ﬁw After
bubbllnai: EPHEETOIgE Intand-hef tegacd]inn grlxgfunehe dow horbrutss,

saturatesD Ry eodaaemeltlcﬁi vl aeeiahen was chiatged 3® vh)l)wd® added

in an 1‘?;%t %ag: Q‘ggg qpc)ﬁnfg gmsgrbcﬂ%eq{ﬂfé/técf’qmec{elmreduced

Pressu?ﬁ [(Tﬁ}e{ é BHyWéPhVPFp9998ﬁ|EPn€h§ 65?5@%?I§P§ hegmixture
was extwhidtedsoliitth ethy/19bhaptade 3P0 mmI ow ol alihky crgame layer

was waéﬂﬁiehkip@dﬂuﬂéﬁﬂigi -pﬁg segut on Iﬁ%deﬁ%QEChlorlde (200
mlL) an;grie dg%/lgdaévsl)%%a ag‘%l(yﬁo&ﬁsn es&cﬂ[){%ﬁﬁf]a%y g% tt;}’ll Jﬂgrat icn,
the flhtéf@r?@r WABHOQVR 40T tiadz urcBeL P]!feﬁﬁl{@-l a5)d the
residuel vad (p&lﬂlfded] ¥ El]lG.caZ@QﬂlZ)coﬁmiH dlﬂrh:bmaﬂ:.o aphyr . (hexane :

ethyl a%tat% 9; (11H g g £ 17 E 23 ((%QIH’) gf %he g}le
compoung, S?ﬁﬁé@lﬂﬂicﬁ)l néﬁtylsorrer 1H—NI\/R
[0394](400 MHz, CDC13)S ppm 1. 18 (3H, s), 1.44.(9H, s),

1H-NMR 1458 By, cBO19s bpm.’- 1, HELa 3628163 oy, 2,518 93 (1m,
m), 3. 43 5% Q§H2 6? (£H02n)’1% 9£H m), 5.45-5.54 (1H, m), 7.26-
7.38 (5H, m).

[0395]

[Reference Example 55]
tert-Butyl (38)-4-hydroxy-3-methyl-1-[(1R)}-1-
phenylethyl]lpyrrolidine-3-carboxylate

[0396]

0
Ve J k Ho Me k
-
0=\y N

Ph

"Ph
[0397]
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(1H, d, J 16.9 Hz), 3.63 (1H, d, J = 10.0 Hz), 5.51
(1H, q, J 7.1 Hz), 7.26-7.37 (5H, nm). [0391]

[ Reference Exanple 54] 35 {ggt-Butyl

(3S) - 4- hydr oxy- 3- net hyl - 5- oxo- 1-[ (1R) - 1-
phenylethyl]pyrrolldlne 3-carboxylate [0392] 107 o o
X~ Ho M. NON A Ph I~J"Ph [0393] To a

"B@IaJts;@Iumeoﬂ est - mntwbxit’iﬁ) B3 et dnty e crxp- L-h IRy 1 15 -oxo -1 -

9 32
[ (1R) - ﬁan%é’l%)}ﬂyﬁ% c?fn% |te :g%‘i&é Irlr{_@013:9 18 26,3 mmol)
in tety %RQ BE-HYY O?|??ﬁ%ﬁﬁ b

tetrah}bimfmm h{45i3 yﬁLarﬁzjel (mtEoJ? mtas Adedmoh ,an 1i@Mbath, and

the mlﬁtﬂiﬁé s | &t 48t ahydral g %@mﬁ@ﬁaﬂgpe?df@% Iﬁ%o@f‘éj th&ter

conce ture s stirred at. the sarredte
neenidi i S ol i g o g FEERS e Femdty orater
(10 mL)yi xatthanglor (B milut exnd lockehy laetheq(fedts) setxe jatded to

the cordertirats Unacdl e del {thbl: nkds Wasa estlaghdén BHF1@e in an oil
was co centrated under reduce

bach s Bl B G BerE oo F e oRe RGN F FHo F B PR R ced
under It'eﬁiélcfﬁ@(tﬂﬁeegs% é}&q dﬁré?)r w440 é%%lwaa%e%dafleéi (Fo0Eh.
concentxrd)e . ThHReomjaniucel aper exwascvashed th elthydt acattede (200 mL

X 2). %@e%%uﬁ%wg' %%g@hl%OQ'g?g‘rC kar hﬁ%h(e%ogzégeit Ha)ku @t d

aqueous (i SF R ol RS ARL Gt e wich

anhydrqus el yit esgfiate an afttﬁe' tb@s ifdudé radd opur |t1h|eed igyrate was

concemﬁﬂraltléta @ﬂe@@d&t@fmw&p%d wrlﬁesﬁiﬂé”was purified

oy o118 i unqchmff?aaw%rga%%'f i sifdaacibye, o0 o
tq Gé@“iﬂm H= ﬁl\ERE’( @d-ﬁ\)/HP %p?ﬁmppw PS5 (Axkprless

011y substahcl-2.73 (1H, m, 3 43- 3 57 (1H, m, 4.02-4.15
[ozeg](2H, m, 5.45-5.54 (1H m, 7.26- 7.38 (5H, m. [0395]

Ref er ence Eé? 55] tert But y
TH-NMR %é@% YRy dFB§ EEWh | -2 Qﬁ 18), 1.33 (3H, d, J = 6.6
Hz}, 1.ddenyAtbt t%)l /] @yﬂr?ol(lldi:n@-da ehr=bcﬂ<3ﬂ:at3e9 Hz), 2.49 (iH, 4, J
= 10.0 Hz), 2.94 (2H, 4d, J = 10.0, 5.9 Hz), 3.30 (1H, q, J = 6.6

Hz), 4.45 (1H, br s8), 7.20-7.30 (5H, m).
MS (ESI) m/z: 306 (M+H)™'.
[0399]
[Reference Example 56]
tert-Butyl (3S)-1l-benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-
3-carboxylate

[0400]
Me ] /L< ? /L:
N 'w
Ph
[0401]

To a solution of tert-butyl (38)-4-hydroxy-3-methyl-1-[(1R)-
l-phenylethyl]lpyrrolidine-3-carboxylate (1.49 g, 4.88 mmol)} in
ethanol (30 mL), 1N hydrochloric acid (5.12 mL, 5.12 mmol) was
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[0396] HO M@ O p/\ HO M O 11 pk ONN APh '-~Ph 30

[0397] 108 To a solution of tert-butyl

(3S) - 4- hydr oxy- 3- et hyl - 5- - |

[ (1R)-i-phenyl et hyl ] pyrrolidine-3-carboxylate (5.13 g,

16.1 mmol) in tetrahydrofuran (100 niL), 1.17M

sol ution of borane in tetrahydrofuran (45.3 niL, 53.1
added amotqomasengskiethture amid etltmtdm:ctancb Svad dnes tnd el ea twvalso

minutesS!i hp8d ﬁl%ﬁﬁ%hﬁ%%&%%ﬁt% sthlhgg %%%e ded to the

.concent I n reacti on m xture under educe
reacthﬂ Mwéhé ghﬁiﬁqﬁgen§&qﬁ”wﬁs(%Eky é lQuﬁP oil bath at
40°C fotr |2ehb3dmm1me hydrogenweracagtedeat at tﬂm&mﬂn@&&tsrsm After
fllterl"’l‘[!_:fj the Jf@a?@ﬂ'h.rcﬁl g@%cdmeé %&%C%ﬁﬂ‘ﬁlﬂg{] ik Ofdltrate,

or. 0 actl o ure was

tetrah}{:%%ogfeun% Fat éog u’ncWer r edh%j:dﬂﬁér essur od) and" wat er (200
hydroggroanimnatfie® +& the 24C{ﬂn@t§fm]r)at"@rel'rﬁeidﬁ@(tm dEhgsresidue,

and ber8X} A6t Qﬂmﬂr:@?@t @® (200 grige ¥mdl) Th& further
added 1rr?scﬂ'l 5 149 h%[@'?n' %‘ a%@éc‘ﬁ@% igl%gxr\ef %%83 %ttliﬁiéﬁd at room

ueous sol uti1 on O um ch

tempera&r T W% 1 BeRRr AR SSehinaf st f“é“tl'é‘ %I}Yelr at??etate (100 mL
X 2). fhetresudninghergehtcafleyeaswds westedt wated sandented

aqueoud ! eéi‘il‘iﬂd?f %g&illﬁ’n%ﬂl@l&ﬁsl Eﬂf as, RiHd fdieﬂed R¥ith
)

| I h
anhydro&ksetsa%el%e siﬂﬁgpe_l_ ;-\%ga (c %)égge 1 5 %1tlﬁgate was
concentyjatiest emdsguredred éme(ﬂat@f@ aéid ;trmmmi@ WaggaBjrified

by sil1i2@ délNM%ﬂﬁHHJdﬂﬂbmdﬁégE%gh wardd ( Hn ,aébﬁﬁie 2:1 —
1:2) to( %?Jta%ng‘ﬁH;&)SG gg %'i_tlie)o '\(og@ orless

oily SW&? 2J1C€-10. 0, 5.9 rz) 3. 30 (1H, q, J 6 6 ru) 4.4

[0402]1(1H, br s). 7.20-7.30 (5H, m). M5 (ESI) niz: 306
gowmMr bDMH 2§Dkﬁ399] f%f anpj e p6 t?§ 5¥ (1H,
o O e S LR L N
4.51 (1H, m), s), 7 28 7.38 5H m) .

MS (ESI) m/z: 358 (M+Na

[0403]

[Reference Example 57]
tert-Butyl (38)-1-benzyloxycarbonyl-3-methyl-4-oxopyrrolidine-3-

carboxylate
[0404]
HO%@%O OzM’?O
—

N N
1 j
Z Z

[0405]

To a solution of oxalyl chloride (736 ul, 8.58 mmol)} in
dichloromethane (30 mL), a solution of dimethyl sulfoxide (811 ul,
11.4 mmol) in dichloromethane {5 mL)} was added at -78°C, and the
mixture was stirred for 10 minutes. A solution of (38)-1-tert-
butyl tert-butyl benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-
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NNi Ph Z [0401] To a solution of tert-butyl

(3S)-4-hydroxy-3-nmethyl-I-[(IR)- ‘

1- phenyl et hyl ] pyrrol i di ne-3rgar boxyl ate (1.49 g, 4.88

mmol) in 35 ethanol (30 mL), 1N hydrochloric acid

(5.12 nL, 5.12 Mol ) was 109 added at room

tenperature, and the m xture was stirred at 10
3-carbokyuies. (1006 ¢pal 4 anld unmeny bom &htal yBdmé dhdle g}wvasm was

added, agggdt%g ﬁfﬁtuf?a&%%?%tf}§é§0%?¥g d5$%ours 1t Qg' (4.37

in an
mL, 31 g fFapheréat TR naddes esang eth‘i!\fft‘b’litl?srqel‘r’%%ﬁﬁﬁrlfﬁg at -78°C
for 30 redtwtien nxduire amdiconcentrafong3® heifutes at &o reaction

mlxturée&éﬁ@Y&ﬁ&@&réﬁtﬁng@@)aqﬂ@@@% §20uldn SPda@RGh I chloride

hydr ogencar b
(50 muf YEnd SEEE OLE) Gt i R n R B OTE S (Y | e {856, vith
ethyl @%@m(%w\a@f:@r% her Thed@awani Gl avey hesh wapied with
water (EOCIMDON dAXtsHCuRSeStadieshatssDOM.dR dELNPedAlikir€hloride

(100 mﬁ or £nc§”r i fad anr”ftl‘?xéﬂ}%écﬁf&é’“ éé‘df&:@yéuff%é‘t € A(f]t%(.)c The

anic | ayer
flltrai‘s%f?lhrr a‘*’c%‘%j £ Jajq*'d*é%"t% ot Lf%‘?fb?ﬁfbtfr%‘b%‘ﬂ AT oF fdecgdpressure
by silidg ,geNdeimd attdina tesdtysions (lsadhnen sthiatfcetMter 10:1 —
tcE Q%Eéiﬁ ratdpny (s f id4 rale vas) £onGRmas ek %d@élorless

1 uced pressure and the residue was purified
oily S‘élﬁ ac:t%leg coI urm chronat ogr aphy (hexane : ethyl
[0406]acet at e, -* 1:2) to obtain 1.48 g (90% of the

'H-NMR t'4t0|oelv§1%m3@w@q £0l ar lxess(3pi |y, sphstancesy) [0410%18 (9H,
o> R O Gl sy af Sy Sheb (oo
4.19 U( H My 433—“68U§{:791<%:2HF ™5 - %, 42 0 S A% - B, (FaP), 7.30-

7.40 E(HZ,Hms) 7.28-7.38 (5H m. Ms (ESI) mz: 358
0407](I\/H-Na) [0403] [ Ref erence Exanple 57] 25 tert-Butyl

- benz ycar bonyl - 3- et hyl - 4- oxopyrrol i di ne- 3-
[REferegrﬁ‘re)oo%ZSﬁ njeél -”tﬁm] HOMe OO pk NN Z Z
tert-Butyl (3R)-1- benzyloxycarbonyl 3-methyl-4-methylene

pyrrolidine-3-carboxylate

[0408]
0] Q /L:
OMe. o’J< o Me J-o
—’—:—
N N
}_ z
[0409]

To a solution of methyltriphenylphosphonium bromide (1.67 g,
4.68 mmel) 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 (3S)-1-benzyloxycarbonyl-3-methyl-4-oxopyrrolidine-3-
carboxylate (1.20 g, 3.60 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% agueous solution of
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30 [0405] To a solution of oxalyl chloride (736 I,
8.58 mmol) in dichloronethane (30 nmL), a solution of
di net hyl sul foxide (811 |, 1111.4 mMmol) in
di chl oronet hane (5 m.) was added at -78C, and the
m xture was stirred for 10 - m nutes. A solution of (39S
-1l-tert 35 butyl tert-butyl

citricheazyl 0x9canLpbobyl ad- bydr bayh 3- ardhyheymietidé nead 10

concen@r&@égoﬁfﬂ&i@feré%uéédg%résﬁg gmjlv}aﬂerk dj ¢y %ﬂg‘i&%&a%ded to

% % m xture mas stlrr
the CORGERETHET of AN amﬁﬁemmt%ﬂfre FES FACHAGHE) "heS EHRK! acetate
(100 mAdded) - aMthea ergandariaweas vweid masheat wit8C seftorrs3:d aqueous

solutlﬁﬁnéfe§®dg@ﬂ é?l@ﬁlﬁée(bgtﬁLdfOé?éod?légtﬁ§thTthydrous
Lon XL ur satyra eous
sodium E8Ftad ﬁi?mfrcﬁtdﬁ 4T 5%‘%@%?% S (100

concenh{qte@n@m% m@@@ﬁ@ ENESS8NEe ac@l@@l e hre%tcﬂm veethpeified
by sil{@f0g&l doﬁamnm@r@fﬁeg@@gﬁaﬂ; e(hdRsn¥ASHIRE] WhddtaMal e10:1 —
5:1) té Q%ﬂ @?q LE ?qHEQU§1§f uéé 2@% %naolorless

and dried wth an drou
oily S ?%ﬁ%@ After the 10 filtration, the filtrate was
'H-NMR C{@Toe MHz3t exbmndérppredumcha)ressurda Dy o ld amz)geli.39 (9H,
d, J —CQ|MH@2Fhf9ﬂ?40 h%i(h§Xﬁnﬁ3ethila§eﬁ§$e 418514 -f6 (2w,

m ., 4 Pt € B SR, At ost’ Tb 45 TR LD, TR

[0410 CDC13) 8 ppm 1.34 (3H, d, J = 4 9 Hz) , 1 38 (9H, s)
[Referéndd Kddhpxk soF 12.0 Hz), 3.81 (1H, d, = 19.0 Hz),

(3r) -1 ey Todvbdriibnilss hheihirth - b nh e, é’yn&@h"dfﬁé 13-

carbOXYkiﬁcﬁgﬂie Exanple 58] tert Buty
[0411](3R) 1- benzyl oxycar bonyl - 3- net hyl - 4- net hyl ene
pyrrolidine-3-carboxylate [0408] O Me J< N Z Z 25
[0409] To a solution of nethyltrlphenylphosphonlum
b oni (1 67 g, 4.68 mmol) in anhydrous
drofuran (20 JWie - Céb&utyl [ithium (2.54 nm,
1.56M sol wteodn 1 n hexane) was added at

i '78(:,

[0412]

To a solution of tert-butyl (3R)-1l-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 agqueous layer
was added 1N hydrochloric acid for acidification, and the solution
was extracted with chloroform (100 mL x 2). After drying the
organic 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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30 and the m xture was stirred for 20 mnutes. A
solution of tert- butyl
(3S) -1 -benzyl oxycar bonyl - 31yt hyl - 4- oxopyrrol i di ne- 3-
carboxylate (1.20 g, 3.60 mmol) in anhydrous
tetrahydrofuran (4 L) was added at the sane
tenperature, and the tenperature was gradually
*H-NMR I@chﬁ@/ﬁ%q, cﬁjctd weppﬂlxtmr@twva@zstigreds 8131536@,6 o1 39 ,
react | agieous
.11 4h§?1 f?%nq%)f‘ isllﬁcélt%ct%%l (50 ?d?‘ﬁﬁ%np?{%e )gth
{0413]and the mixture was concentrated under reduced
[Referquessixanp Wat@r] (100 nl) was added to the

(3R) - 13&5&?% S8

,, -” 5 P y 1 )
methylehe ppyrriidin aqueous 5 solutlon of sodium chloride

[0414](50 n), and dried with anhydrous sodium sulfate.
After the filtration, the filtrate was concentrated
under reduced pressure, and the residue was purified

TMe Byopi | i ca gel coly n gnatography ( hexane- et hyl

*acetate, 10:1 -5 *%bt ai n 750 ng (6396) of the
title conpound as lorless 10 oily substance.
N° ' H NVR (400 MHz, 3) 6 ppm 1.36 (3H, d, J = 6.6
Z Hz), 1.39 (9H, d, ¥ = 2.0 Hz), 3.24 (1H dd, J =
13.7, 11.2 Hz), 4.05-4.16 (2H, nm), 4.19-4.29 (1H, m,
[0415]5.04-5.18 (4H, m), 7.29-7.38 (5H, n). [0410] 15

'chR%f %ﬁﬁﬁid@(%fm'(@lﬂg-]l benzyloxycarbonyl 3-methyl-4-
Z o_y e
methylér? (}?r IBeﬂ -g(c%r oXYy }ll%ﬁlaégf%&f%4qzl Ir\%‘l'%? I\}én n (20
mL) , tmeztlwlag@qem(ﬁo Wo & .3 mmek ¢ind ec?::tpftﬁmy]l phosphoryl
azide (539 -ub-benzyd exycar kamd -adida®t i AHetrstene: was stirred
at roonpygén%élddtrlﬁreg fve2ad QLO)H&QI e (0 nﬂgctu%ez@a@?ﬂeétf'dnmunder

di chloromet hane (8 ni), trifluoroacetic aci

reflux \jfy apyRid 255 & FIECHECR, Tah@lhe H‘R?Erﬁoﬁgntgatmg the
reaction inicddieg, rtdemacmsartataie wasrd e solired At tler4 -dioxane (8
mL) GNOh%ﬂbbﬁtLbErﬁlct heibedat moy faxt wieedndand ﬂ:‘h@uﬁ'@.&ture was

f
e i el et

mlxtureandirt eth%mawwaﬂawétﬁ%w Egyetgidiey 2@%@4 The
aqueousld dleer agite@ikdldyerd by adding saturated agqueous sgolution

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 residue was dissolved in toluene (8 mL). Di-
tert-butyl dicarbonate (592 mg, 2.71 mmel) was in an ice bath, and
the mixture was stirred 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] .
'H-NMR (400 MHz, CDCl;)$ 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
(lLH, m), 5.01-5.17 (4H, m), 7.27-7.38 (5H, m).

[0417]
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30 was added i N hydrochloric acid for acidification,
and the solution was extracted with chloroform (100
mL x 2). After drying the 1pgganic |ayer with
anhydrous sodiumsulfate and filtering, the filtrate
was concentrated under reduced pressure to obtain 665
mg of the unpurified title conpound as a colorl ess
[Refer@nd:a Eig@sﬁpaecel] 112 1H NMR (400 MHz, CDC13)6 ppm

g’Q {3k Frrolidine

[0418kReference Exanple 60] 5.
(3R) -1 - Benzyl oxycar bonyl - 3- (t ert - but oxycar bonyl am no) -
3-nmet hyl -4- methyl ene pyrrolidine [0414] Me' COOH T e

Me Ndggoe N N Z .10 [041 eTcgaBo%ol ution of
3R) - 1- benzyl oxycar bo nmet hyl - 4- nethylene
> gyrrolldrne—ﬁbcarboxy ictacid (2.26 mml) in toluene
N'(20 nL), triethylamnj (630 I, 4.53 mol) and
Z di phenyl phosphoryl aZide (536 [, 2.49 mmol ) were
added, and the m xture was stirred 15 at room
[0419henperature for 1 hour. The nmixture was heated under
Angfioix dans am®oi buliaidd atntd OC sotutlitouof AfREpfl-

benzylwegﬁ&:zi ng_ there rﬁ@@éﬂ:@@amﬁﬁyi&mﬁaﬁ §ORE me

v 4-di oxane, (8
methy LSS PR oL o SRS anhi TheMRPRE W8 pBLARriFPElEan
mL) atfer8% rt@ers:odm:teera (@Z0cenl )s odas: iawd edt tloiduied raeamdniien and
tetrahy@rdFuta e (2 @ndl ) heaﬁﬂlxéckaEuMVaﬂMSﬁ@Q &Vl.'l?dil mmol) was added

to thl% 55%1& ecgrtger 'I(h%otrr%gturgh%asa h@%a@r{é(aéénﬁ%kature

lng satura ueous s
for 10 H%mb cardsdiEedech M@&%ﬁ%&%% %|Wr&r% (Cropride
(10 mLyMwasx ﬁdded\fcitef gy NGridhe 1y ganittidaaywels Wiirred at room
temper2WAra4s $O um s f ate, gpd Iféél('.ttrl%ﬂ %xtﬁﬁee fv}alé rdfeqd

concentrated under _red

saturayel; HEGRR 4 Lio] Poc! rPeoF BhrrfEoREycafpofite (S0 nt)
and the enixthurey|wak ceriorated (wHzh n@hlczrqﬂoan}OQ\asLm 2ah- The
organid CRaRet hva @ndlri ddeo MY Erd@s SbditRds@lf40OMafter
flltraé e&per@_&éﬂgdigga@g é”éo@&?tré@@&t 19&%9] %é&lﬁ eessure

rat ec resi
to Obt@%& %®5|m9e&85?)spﬁlEﬁeggﬁtéélGﬁﬁEEﬁV6hﬁ¥béF§ﬁﬁ?ess crystals.
[0420]( hexane 30 ethyl acetate, 5:1 -* 3:1) to obtain 487 ny

14-NMR ((ﬁ%@ M‘?—lfz thedi i bephomound as, @ colrlpss Lidy (1w, 4, 7 =
117HZ),3 (1H d, J = 14.2 Hz), 3.50-3.57 (1H, m), 3.69 (1H,
d, J = 16.1 Hz), 4.64 (1H, br s8), 5.01 (1H, £, J = 2.2 Hz}), 5.04
{(1H, £, J = 2.2 Hz).

[0421]

[Example 17]

7-[{3R) -3-Amino-3-methyl-4-methylene pyrrolidine-1-yl]-6-fluoro-1-

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

oxoquinoline-3-carboxylic acid

[0422]
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[0416] 1H NWMR (400 MHz, CDC13)3 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, mj14.62-4.74 35 (1H, m,
5.01-5.17 (4H, m, 7.27-7.38 (5H, nm). [0417] 113

[ Ref erence Exanpl e 61]

(3R)-3-(tert-But oxycar bonyl am no) - 3- net hyl - 4- et hyl ene
pyrrolidine [0418] e M . a Boy !'UBoc NN 5[0
419]0 Ammoni a gas was bubbledc?nto a sol ution of

| - CcOOBF
zy”oxycarﬁonyl 3- (tert

Nthy1‘e‘n‘e"f:)yr o¥TgiNn
gﬁﬁ drofuran (7 ) @ to produce a mi xed

n of  liquid, i a tetrahydrofuran (20
and sodi um (1? ng, 6.70 mmol) was added to this

soI utlon The m xture was stirred at the sane
[0423]tenperature for 10 m nutes. Saturated agueous

'ﬁ%%té&%ﬁ%ﬁrg@n{m %hl H{équ" bxﬁ?é:@x room %ﬁjﬁ%ﬁh—methyl—

ure was stirre
4- meth}fjé‘rﬁfér@ﬁﬁ%hf%ﬁfn%o Mhhes. 1 7%° tHeCt bat® | dH Gy hrgulfoxide
(3 mL) mmrmugdlamm@rm@ﬂ g uenuss Srhal § cand®f 6 spei i uoro-1-

[ (1R, myﬂzqgﬁm m—é-vme@%jx he, mixt r@rm@

oxoquifay AT °€Jf°r° éoﬁ%%%ﬁ%%m?%mpﬁ?? WEEERLED

1.20 mofall )t rva&reora,dddtb fand rhtee m\astwoaﬂGMrateﬁremm 35°C for 15
hours. rﬂﬁﬁéedc@hﬁéﬁﬁ&%taﬂgtQh@b&@d@ﬁﬁﬂﬁlm;#ﬁﬁf@ of ﬁﬂkéd solution

ot ecnt SRR Jelar\ b et i, (09 T
triethylamine (0.5 1b) weremdded ©f the Hesi0ye) ond sehe mixture
was hedtkd upde3. 1%1(111;{4 in hn bH Ieth He) , 9O £ Arlld, Heurs)., The
reaction YliAthhe was] corteenttFdned Mie R rddibed pr]ess@r@ and 10%
agqueous, %cklg&)lqgl ﬁ,ﬁ [ E%npl ta}ﬁ%ir At Eh%th e%d water (50 mL} were
added Gey rt: |nﬁqwﬂqey|ph@ fiiggge] was extracted with ethyl acetate
(100 mIl &K R)2S)antt fdHeOrceyea iapriapyd 1 -Wirdrebdsreyd hy Acldi vy o- 50 ml x
3) and saturated aqueous solution of sodium chloride (50 mL). The
organic laver wasg dried with anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The
concentrate was dissolved in concentrated hydrochloric acid {5 mL)
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/1l
agueous 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 ethanol, and the crystals were
dried under reduced pressure to obtain 210 mg (43%) of the title
compound as pale yellow crystals.

[0424]
mp: 236-239°C (decomposition).

car bonyl am no) - 3- net hy
ng, 1.41 nmol) in
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30 oxoqui nol i ne-3-carboxylic acid [0422] 114 OO F ,
COOBFZ F/ COOH F\ NNNL Ow~F O AF HZN Me //~
[0423] To a solution of 115
(3R)-3-(tert-but oxycarbonyl am no) - 3- net hyl -
4- et hyl ene pyrrolidine (255 ng, 1.20 mmol) in
di nethyl sulfoxide 5 (3 nL), triethylamne (201 |,
[alp, 1.44 mmol) and 6, 7-di fl uoro-|
lor. [ - 2-1 1 yor. lopropyl ] - 8 0xy- 1, 4- di.hydr.a- 4
H-NMR o@o@g%ﬁ?ﬁ ( n(fe'-%k?cl\gar x§&)|pgrpa0|1ld§?nglgpl’u)él)ébgr'g% %:ioﬁ'%l 3)%1{ m) .
3.55 ({3393, 7 1. 205t ¥ Wel e adhed SHndSt helnft 4iHe-ulls J -
10.0 Hstiréecd2as.83C(16r wb, hoBBs(2Kftéd,cdneenbrati hg.tLhez),
4.99 (iﬁ?Cal?@tg1§§9ﬁeﬂzﬁf"BX§§ §§h92t9nJ§Q of yeffhanok apd (om, ¢,
e n : r, 9; n
J = 2'%!\?1155{ hy?a&?ngh(lo.%ﬁarﬁ?)=\A£?egaéﬁgdn%f?hgl?esfidug,zaﬁdo Hz) .
Elemengey npid Ly @is weer heatled:linder ref lux in an oil bath
Calolat¥G for, §9thT;SH,T|§4€22Ee§Ct i9QR 7171 mt,ugl@l.\oﬁgs.
ongentgated under ,reduce essur 6 aqueous
Founds:'ol ﬁt’i %%'gg’c#t’rsézgéi g‘?(go%%t)%g gn\ﬁg’{&ér (50 nm.) were
IR (ATREY add&§ 0o 2856 .r &5ildue 16ffe MSTur d5ids é4SZactlefo, 1327,
1306, WR&H, ethyd, atke@f e111106mT. x 2), and the organic
roa2sjl ayer was washed with water (50 nL x 3) and saturated

[Ref a ueg_rr}(ls so#gté%; of sodiumchloride (50 nL). The
CLETS? M Byer®was dried with anhydrous sodium sul fate
Ethyl IntN{henzykekycameonhe ¥+ (¢thoxyemsbenyntent rat ed under

methyl y@fiesb f5ess®es The 20 concentrate was dissolved in
roangiconcentrat ed hydrochloric acid (5 nL) in an ice bath,
and the solution was stirred at roomtenperature for

10 m nutes. Water (50 nL) was added to the reaction
m xture, and the m xture was washed wi th chl orof orm

(100 nL x 3). 10 nol /| ous, sQl uc@opt of sodi um
HCl - HEV dr 608k tﬁ@%gtque%us 25 layer in an ice

“bath to pH 11.0, and concentrat£d hydrochloric acid
was added to adjust the pHto 7.4. The solution was
[o427]then extracted with chloroform (100 nL x 5). The

AR R AT S

‘
d % °
g, 0.3 ?“g?ildcléldl ;ﬁtgsaémle. ncéh raddedelst Botakaning pgl-& mi,

0.3 molleanydtedHylz atdmyil ftreonf 81 heanal,,, @ rpdsﬂe) ctiysdmal scaveseth, and
the miAH e HEE et RPRSHEE 10T NrRd0BECEE3) nPkeuve
was corncehntrated under reduced pressure, and water (400 mlL) 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 aqueous solution of sodium chloride (200 wmL} 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 aqueous solution of sodium carbonate (11.5 g,
108 mmol) (50 mL) 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




10

15

20

25

30

35

conmpound as pale yellow crystals. [0424] np: 236-239C
(deconposition) 115 [a]D 1H NMR (400 MHz, 0. 1N NaQOD)
8 ppm 1.39 (3H, s), 1.41-11€6 (2H, m, 3.55 (1H 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
Hz), 5 4.99 (1H, d, J =63.7 Hz), 5.05 (2H, t, J = 1.7
aqueou$lzgolbt i6n (@H, sddiudd ehPoRide) (270 68Lf 1Hand, ddisd1lifh

evee ) by Ao T A ol £ Bgmal) e v

concengraged \pndpr 37eduest ik e vs B, 1and {16 spsific gigs’ PRrified
by silii@a 502l 1€c1Ruf ATRroma 2860 pR2B56heddié, : 1618yl 154Ftate, 5:1)

to obta]rf&g:43l 1ﬂ5% (9389, ol 3de 1806, cdwt ,n&2§9,a1é8@@riééé oily
[ Ref erence Exanpl e

PrOdUC§ [N-benzyloxycarbonyl N-(ethoxycarbonyl 15 net hyl)
[0428Jam no] propionate [0426] HC H2N11~ OOOEt Et OOCl1~

H- NMR'%@GO.M%%}ﬁcEEQ.)B%ﬁ%&] 29, %@ -g.syspensi an o> gayei n® (2m, m),
e s c i
3'59_3E§€gh% ,cﬁf i gmas adg%% ﬁﬁ{bt%y}an1ne (h%H qﬂl 7.26-7.38

(5H, mlp. 3 npl) and ethyI acrylate (10.8 mL, 0.1 nol) in an
MS (ESIkenfmt h33andM+Hé.m xture was stirred at 80C for 1
[0429]hour The reaction m xture was concentrated under

duced ssure, and water (400 nL) was 25 added to
[Refer?m% %§§‘§%§ %%h the mixture was extracted with ethy
Ethyl fdeangwl ¢o00Rirkony13)4 - hhenwixre hidings3 vweaheokyl abe
[o430water (200 mL x 2) and saturated aqueous sol ution of
sodiumchloride (200 m.) in this order, an the dried

wi th anhydrous sodium sulfate. After the filtration,
the filtrate was concentrateﬁ un@%b educed pressure,

30 and Lheetesi due was di sso I'n acetone (150 ni).
EtOOC TONF AP S SFution were added afudous sol ution of sodium

cazbonate (11.5 g, 108 mmol) 0 mL) and a sol ution

of benzyl oxycarbonyl chloride z(18.4 g, 108 mol) in

acetone (50 nL) in an ice bath, and the mxture was
[0431]Stirred at roomtenperature for 2 hours. The reaction

To a solution of ethyl 3- [N-benzyloxycarbonyl-N-
(ethoxycarbonyl methyl)amino] ethylpropionate (26.8 g, 79.5 mmol)
in ethanol (200 mlL), 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
agqueous solution of sodium chlcride (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.
[0432]
'H-NMR (400 MHz, CDC1;)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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35 m xture was concentrated under reduced pressure,
and water (400 nlL) was added to the residue. The
m xture was extracted withyethyl acetate (200 nL x
3), and the extract was washed with saturated 116
aqueous sol ution of sodiumchloride (200 nL), and
dried wth anhydrous sodiumsulfate. After the
MS (EsT) lhif=ii ang tenk)fFtrate was concentrated under
[0433]reduced pressure, and the residue was purified by
l'ica QEl col um chronatography (hexane : et hyl
REfer%ﬁﬁﬁ 5€)64 to obtain 31.1 g (92% of the title
Ethyl Ixhﬂnnyﬂbxgcarhmnyﬁ43&methjhk41uxmpyxroliﬂmﬁﬁ—3ﬂﬂaﬁWﬂkylate
[0434](400 MHz, CDC13)8 ppm 1.16-1.29 (6H m), 2.58-2.70
(2H, m, 3.59-3.66 (2H, M, 4.04-4.22 (6H m,
5.10-5.18 (2H, m, 7.26-7.38 10 (5H m. M (ESI)
m z: 338 (MtH)' [0429] [ Reference Exanple 63] Ethyl

CBRRY yI oxycar bonylQd- gx 88Tf0|ldlne 3-carboxylate 15
0430] OCOCEt Et

ICOOEt Z N Z [0431] To a
NnsSol ution of ethyT'3- benzyloxycarbonyl N 20

é(ethoxycarbonyl nmet hy] ) am no] et hyl propi onat e (26.8 g,
79.5 mml) in ethanol (200 ni), sodium ethoxide (20%
[0435]solut|on i n ethanol, 40. 6 nL 119. 3 mmol ) was added,

xt ur t er reflux _for 2 hour
T P SRSt o | %Yﬁhﬁ qunder el for 2 A0S saine.-
3-carbgsatdwded Pr-dsgur & - %twwaSNJU@qmﬂpnﬁs@ﬁlm@ddanMﬁsﬁlum

carbona(tboo( ogs L5 mﬁmﬂnatae@ m&j}@ﬂhh@dl@e_ﬁcd d ias waddedidded,

| ut d t
o eSS S b A, ke S
leturQﬂW%ﬁ nepmd reEecy nesilced \haSia,r ATKH water (20 mL)

was add&quemUSﬂEEﬂddndamuﬁétsod|Whechh&tude va80emtyacard with ethyl
acetaté“&ﬁﬂnﬂﬂ%h3 anh¥ﬁé°@§t§99t“ﬁh§“h&§h@d %&Eﬁrlbbeaqueous
solutiopg C%E%é%?@f o d e ST e R S U Ay
solutiom |qfc§og]@unb(§qhmmﬂ|¢r dizét @‘@-rarjﬁy t(hq@(amier,etm drled with
anhydroageisald@um? sl)l fatte .obhat8r16né gif¥2%tieh,t hBet Fil€rate was
concent%%%%%y%%d%§ %e%%h%db%%QQSQJéX and the residue was purified
by silica gel column chromatography (hexane : ethyl acetate, 4:1)
to obtain 1.0 g (95%) of the title compound as a pale yvellow oily
product.

[0436]
'H-NMR (400 MHz, CDCl;)8 ppm: 1.21 (3H, t, J = 7.1 Hz), 1.55 (3H,
s}, 3.53 (1, 4, J = 11.7 Hz), 3.88 (1H, d, J = 19.3 Hz), 4.07-
4.20 (3H, m}, 4.37 (1H, 4, J = 12.0 Hz}, 5.19 (2H, s), 7.30-7.40
(5H, m).
MS (ESI) m/z: 306 (M+H)®, 328 (M+Na)"'.

[0437]

[Reference Example 65]
Ethyl 1-benzyloxycarbonyl-4-hydroxy-3-methylpyrrolidine-3-
carboxylate

[0438]
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product. [0432] 35 'H NWR (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. 1171146 (ESI) mz: 314 (M+Na)'
[0433] [Reference Exanple 64] Ethyl

1- benzyl oxycar bonyl - 3- net hyl - 4- oxopyrr ol i di ne- 3- car box
ylate 5 [0434] 0 COOEt 0 ~-( COOEt NN Z Z [0435]
To a solution of ethyl

o 1 benzyloxycarbonyl-44 xopgyrrolidine- 10 3-carboxyl ate
(\tCO0k!. 3.4 mmol) in ac QB0 nl), potassium

N rbonate—(0.95 7, ™6. 9 ) and nethyl iodide (1 nlL)
rwer e added, and the m xture was stirred at 45C for 1
Zhour. The reaction mxt&re was concentrated under
[0439feduced pressure, and water (20 nL) was added to the
concentrate. The m xture was extracted with ethyl
e ar atelyiepiok gjhyl Thdoeixzybexy orsborshed- vty 1046

oxopyrBOUE@LiSe - §Od:alﬂ>@ﬁype§.t§0(ii U & hi oseis frakel [ 20n nhgtREol (20

ww), oaRKASLABEOSE 5o 4140, O SR LOLAGE (20 Thhec, an

the ml%%?¥%1%ﬁsﬁﬁ?%¥r%%ea¥|¢¥?aﬁﬁ%% t%m@@¥?$¥¥%t%°ﬁﬁ%o minutes. To
the reammmaamnnaxewrenMerera@m@®d5¢uwsame® a@nebtbesobst doe of

ammonlﬂ}ﬁsclﬂ’l’éfid@d#;z@ Ry Séulldl Chadel €94 Um Ch&ﬁ’&mﬁ raP¥ure was

el p il el et Sl E 1 o ?’ﬂ%?m“ peprdsned

with sqpa3sied 1AgMNRIE 4901 WHON GBCIS)A rppcrﬂillqrme(m mk:} J and
dried with lati)drdudSsddthm A1 Bdte 3. 2F et fidtrxhtickl. £he

flltrall,_g) 1%&%91:%% 161%15 %%%e%ﬁ?esﬁgnp%( 3%41(17%12)8 residue

was pu¥¥ﬁ+e yhﬁ}¥{gﬁ)g¢ﬁzco ma qg%pg exane : ethyl
acetatd 043:71) Sﬂa[fﬂetfaermrIEES'ExgmtB?)GE}f Eﬂlwltltle compound as a
colorldsd ezl Bysatdonyl - 4- hydr oxy- 3- met hyl pyrrol i di ne- 3-

[0440]
"H-NMR (400 MHz, CDC1;)8 ppm: 1.23-1.34 (6H, m), 2.90-3.87 (4H, m),
4.11-4.56 (3H, m}, 5.14 (2H, d, JT = 4.2 Hz), 7.24-7.40 (BH, m).
MS (ESI) m/z: 308 {(M+H)".

f0441]

[Reference Example 66]
Ethyl 1l-benzyloxycarbonyl-4-methoxy-3-methylpyrrolidine-3-

carboxylate
[0442]
HO MeO /
COOEt )\——fCOOEt’

N ” N
i I
Z . Z

[0443]

To a solution of ethyl 1-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 mixture was stirred at room temperature for 1 hour.
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carboxylate [0438] 118 O HO COOEt COCEt Z Z [0439]

To a solution of ethyl 1-benzyl oxycarbonyl -3-nethyl -

oxopyrrolidine-3-carboxylafjeg(1.0 g, 3.28 nmmol) in

met hanol (20 5 nL), sodi um borohydride (0.19 g, 4.92

mol ) was added at -20C, and the mxture was stirred

at the sane tenperature for 20 mnutes. To the
Ice wateacwhdnadtistiute vkeeragddetosanikatied, agheouBesaiutuos was
extrac d Qﬂpﬂnéy fgggéf Ee(%QOn%i Qnﬁ maLfHe(égk C) ﬁHijashed

ture ract ed [ aceta i g
with W%FerTﬁ%Oe%%r%c§ m%%dmﬁéﬁ%ﬁaﬁ e%%?u?% BH %ﬁu@6u§°dlum
chlorldelmBDomeflﬁodhua1ohﬁer;d@n@2@rnt¢ wand adhyddowst fodium

sul fat@nhydrQuys Siodi Ap i f aliee faﬁcltt%raﬁcé |L$a[@tdc9{beﬂtﬂ%ted under
rate was cC ncentrate under re dp% SSu
HEEPahy

and
reduce%h@?%%%%e 2RAsthurfere u%ywif'l?‘&]él ufth fea “ge1
column cHRbemd boE BRbYY (Hessaee : : eeblyyl aecetate; 3:1) to obtain 0.38
g (66%PbbAi Phd. BTt Ve (EAMPo@hdt He 4iphEe CREPDENdo BBy BprdSuct .
[0444folorless oi ly product. [0440 "H NWMR (400 Mz,
CDC13) S ppm 1.23-1.34 (6H, m, 2.90-3.87 (4H, lﬁ
"H-NMR 4(400 4156 (GRELaP, DPME4 (2Rd-d.29 6H,2mp) 3. 49473403, m),
3.30 (¥BH, s .3 MD{ESLY (MR, BO3 % M) (2H, 28) [ 04429-7.39 (5H, m).
eNGs Exaanpiye 66] Et hyl
[04f§ﬁf%%ﬁéylé§§carbonyl 4- met hoxy- 3- net hyl pyrrol i di ne- 3-
carboxyl ate [0442] 25 HO MeO COCEt ffCOCEt Z Z
[Refer¢inded Fxampbe soTUti on of et hyl
1 - Benz v BLRZYHEYER DOt hdx hy I BXyhPtpyrrolidine-3-carboxylic
acid met hyl pyrrol1dine-3-carboxylate (0.55 g, 1.8 nmmol) 1In
N, N 30 di nethyl formam de (10 nmiL), nmethyl iodide (0.22
[0446]{ 3.6 mmol) and sodi um hydride (55%in oil, 117 ng,
2.7 mol) were added in an ice

MeQ o MeO
COOEt COOH
g S
Z

z

[0447]

To a solution of ethyl 1l-benzyloxycarbonyl-4-methoxy-3-
methylpyrrolidine-3-carboxylate (0.38 g, 1.18 mmol) in ethanol (4
mlL) was added 1N aqueous solution of sodium hydroxide (4 mL), and
the mixture was stirred at 40°C for 17.5 hours. Water (10 mL) was
added to the reaction mixture, and the mixture was washed with
ethyl acetate (10 mL x 2). To the aguecus layer was added 1N
hydrochloric acid (10 mL), and the mixture was extracted by
chloroform (20 mL x 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 oily product.

[0448]
*H-NMR (400 MHz, CDC1,)8 ppm: 1.33 (3H, s), 3.34-3.47 (1H, m},
3.36 (3H, s), 3.53-3.75 (2H, m), 3.85-3.95 (1H, m), 4.09-4.18 (1H,
m), 5.14 {(1H, s}, 7.25-7.40 (5H, m).
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bath, and the m xture was stirred at roomtenperature
for 1 hour. 119 Ice water was added to the reaction
m xture, and the m xture wagy extracted with ethyl
acetate (20 nL x 3). The extract was washed wth
water (20 nmL x 3) and saturated aqueous sol ution of
sodium chloride (20 nm.) in this order, and dried with
MS (ESanhhydeous sodiMwH)S, sehikat(®+NAfter filtration, the
[0449]flltrate was concentrated under reduced pressure, and

residue was. purified by silica gel colum
[Refer%’ﬂ?%n%%%‘@?]a%h? Yhexane : ethyl acetate, 2:1) to obtain
1-Benz Pl GRycayrY@EH6) 3 of tehe- bliltdnxeyc@xﬂp@mmhara'sma) pht ve yladbxows -
methyllgyfyop{@gg@t [0444] 10 'H NWR (400 MHz, CDC13)S ppm
(0450 24-1.29 (6H, m, 3.19-3.73 (3H m, 3.30 (3H, s),
]3 80-4.28 (4H, m, 5.14 (2H, s), 7.29-7.39 (5H, m.
Ms (ESI) mz: 322 (MtH)'. [0445] [Reference Exanple
67] 15 :
1- Benzyl oxycar bonyl - Ableget hoxy 3-nmet hyl pyrrol i di ne-3-ca
% acid [ 0446] G-(° COON COCEt N Z
Z I't0447] To a sol u ?hyl
ti—benzyl oxycar bonyl - 4- ne ox - 3-
t hyl pyrrolidi ne-3-carbgxylate (0.38 g, 1.18 mol) in
ethanol . (4 nL) was added 1N aqueous sol ution of.
sodi um hydroxide (4 nL), and the mixture was stirred
[0451]at 40C for 17.5 hours. Water (10 mL) was 25 added to

tdes refaid ih X tiHEsn AFbsthea oo Wasc hsherd Wi t h

t I
ey S A b el |5 Ly 0 8 sooene
(10 mLhgstebatiackaing (@ rr@for%c(-:'zdm‘i‘ﬂlk afd dl”riéheékiflr act
phosphayasl vmhml 0 124 gats urlatedl masjlie ovsres alddedn aid stdod umxture

ang dri.ed ? 3QoHEQM9£8H§n§°9hQ Mreaction

was Stlu ter ?Drtratlon
mixeur,g O@ rra% Thddr Fothod f SIS o bHTE) n AT of4 mL)
and cor(@sgﬁtqdwélyctmqlelcm@m al anldolvpteestidnd o the
residud)f QdUCtehd Ofid&lure was stirred at 50°C for 2 hours. Water
(10 mL) was added to the reaction mixture, and the mixture was
washed with ethyl acetate (10 mL). The aqueocus layer was alkalized
with 10N sodium hydroxide aqueous solution, and extracted by
chloroform (20 mL x 3). The extract wasg 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, and the residue was dissolved
in ethanol (10 mL}). Di-tert-butyl dicarbonate (0.27 g, 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 colorless oily
product. '

[0452]
'H-NMR (400 MHz, CDCl;3)d 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)"
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1H NWMR (400 MHz, CDC13)S ppm 1.33 (3H, s), 3.34-3.47
(1H, m, 35 3.36 (3H, s), 3.53-3.75 (2H, m, 3.85-3.95
(1H, m, 4.09-4.18 (1H, mg15.14 (1H, s), 7.25-7.40
(5H, m. 120 MS (ESI) mz: 294 (MrH)', 316 (MtNa)'.
[0449] [ Reference Exanpl e 68]
1- Benzyl oxycar bonyl - 3-(tert-but oxycar bonyl am no) - 4- net
[0453hoxy-3- 5 nethyl pyrrolidine [0450] MO MeO JCOOH
c 0.d0 S IO
e ST b 3 2l pafy S5t #1¢ offfound. (0.68 5, 167
mmol) W%Fh??%%?? ?@d?ﬂe-%g%aP%6§9F%%n%%iHlﬂﬁ?é ﬁ?rﬁméﬁoﬂﬁ%P§Y
using an tptileaely (d€cite, coliveh Nydadm Mrddri2th b, (.05 g, 43%)
and erEP% na@d(@!§@§3y|4l§ﬁ D@ﬁyérgzéﬁﬁhﬁghﬁgrgiof1tﬂ§ title
wer e _adde fnd t e.m%;ture }gas St rrefl at 102[5Ct
compouRy warh HERECGE KP ¥ oAReRI AL 1Y TRLOFLAEE| BhiYsProdicts.
Condithpnsupt UnelePPticiteteppiabior; 1, 4-di oxane (4 nl),
ColumnWat@THz.AY aranthzoarentay@ated shyxdoaetiori c acid (1

) wer to esi due, and the m xture was
SOlven{sﬂt_ir\lr% %ﬁggg%f'orﬁeg{%hna{fr;'%ter (10 nL) was added
Flow r3®e{nd & dHetidh mixture, and the mixture was washed
Detectimmh é&rhypds4acetate (10 nlL). The aqueous | ayer was

i zed j t N ' h i ue
R?tentggllfﬁ%li%%; é% \Metxpr%'gte q@y ch(lyag{ao ol:r%r%l ?%O’ %“}?tg(utg)zg.s
minuteshef 3¢t i@® Mas washed with saturated aqueous

f0454]sol uti on of sodiumchloride (20 nL), and dried with

[Referdaidy depuspBodismm sul fate. After filtration, the
ah [ §1n&Nd

"‘-.'t W - S0 :i Tt 1anor U117
(derivey -frem -fragtien car bonate (0.27 g, 1.22 nmol) was
[0455]added to the solution, and the m xture was stirred at
50C for 1 hour. The reaction m xture was concentr at ed
under reduced pressure, and the residue was purified
by silica gel colum chromatography (hexane : ethyl

MGO:* %etate, 6:1) to obtMé® 0,27 g 30 (72% of racemic
N

oiBeF the title conpo MHBog col orless oily .
oduct= [0452] >
) N
z H

[0456]

To a solution of 1l-benzyloxycarbonyl-3-(tert-
butoxycarbonylamino) -4 -methoxy-3-methylpyrrolidine (fraction o)
(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 was 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) m/z: 231 (M+H)"*.
{0457]

[Example 18]
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1H NMR (400 MHz, CDC13)S ppm 1.41-1.45 (12H, m,
3.30-3.82 (7H, m, 4.12 (1H, q, J = 7.1 Hz), 5.09-5.26
(3H m, 7.24-7.38 (5H, m 199235 M5 (ESI) mz: 387
(MrNa) +. 121 [0453] Next, the racem c body of the
title conpound (0.68 g, 1.87 nmol) was subjected to
hi gh- performance |iquid chromat ography using an

7~ (3 -Anphobcalhgthcki/ve-aethybpyandl Ldanei 0Ava) (0-29ugro430)

(1R, 2§la§df§ﬁéf&b9gl&§r&82£? kaé ﬁ%xﬁthQ aiﬁyaggn&|ong;s
Oxoqul LT ULTT UIT}| d CDECL’[ [IYAS % ool d

Ral P 1 [ derived
from fr&sahunlah Cblunn CHIRALPAK AD (DAl CEL, 20 nmm X 250
04581n0 solvent : 2-propanol : hexane, 1:9 10 Flow rate:
O mM/mn Detection: W(254nm Retention tinme: about
18.1 m nutes (fraction a), about 23.5 m nutes
(fraction (3) [0454] 15 [Reference npl e 69]

rt - But oxy:car bonyl am no) - 4- E@éﬁylpyrrol
< Vo N

ed fromfraction (x
.N NHBoc Z H 20 [0456
F “beMZzyl oxycar bonyl - 3- ( t Be®-X N N
| hmhgggﬁgrbonylanino)-4-netho =3- MM\ pyr r ol i di ne
(fr ona) (0.29 g, 0.8 in anol (10 ni),
5% pal | adi um carbon 25 catal yst (water content, 50%
0.15 g) was added, and the suspension was stirred at
[045%)r oom tenperature for 16.5 hours . in hydrogen
B N SPHRLEi o] hef r_ﬁacﬁélemmg@w@amnﬁé%ﬁﬁ@ﬂ 4 hotighy -3 -
e e entr :
methyléﬁiﬁéfﬁd%@%séﬁr%Iﬁ%{ﬁg% sM@f?%f@§ ?% ﬁighpgﬁﬂgﬁhglamlne

(0.33 @%4o?l%S%m%4lya%ﬁo@uﬁtdlﬁ%v%r%olbibH%c@ Wad~ used in
fluorodhel sphsEelien - neacdxpnl W + dilnpdfor4 hexogpimoIicat on.

carboxMBid ERbda M 733 2BlokMEdon 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 agqueous layer was
extracted with ethyl acetate (20 mL x 2), and the organic layers
were combined and washed with water (20 mL x 3) and saturated
aqueous 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 silica gel column chromatography ({(chloroform :
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 aqueous solution of sodium hydroxide
was added to the aqueous layer to pH 12.0, and hydrochloric acid
wag 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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[0457] [ Exanple 18] 122

7-(3- Am no- 4- net hoxy- 3- nethylpyrrolidine 1-yl)-6-fluor

o-1I -

[ (1R 29)- 2- quorocycIopropyI] 8- net hoxy- 1, 4-di hydr o- 4-

oxoqui nol i ne- 3-carboxylic acid (substltuent at

position 7 derived fromfraction a) 5 [0458] 0O F I
sulfatéxl}ﬁitéi(II}ﬁréEﬂﬁHJﬂﬂ%é]ﬁﬂitrdﬂﬂeﬂésfﬁﬁhcéﬁbﬁﬁﬂedﬁnﬁﬂer

reduceégbyééﬁﬂ erﬁm%igfne |n gﬁﬁ%OXId }ﬂEthOXy 3-

recrys?a}%fﬁaghﬁg %rOTOeE aﬂ? @1ﬁt e hery an e c%ystals were
dried @nden|fedmmedlpfe$£uﬁé§ta obtain 103 mg (46%) of the title

compouﬁauc% OéEY@J)P@fP@é/é]cﬁyEEéi‘Pi(ﬂel 4wdkpydr o- 4- oxoqui nol i n
carboxylic acid - uoroboron conplex (0.19 g,

[0460b 53 mol ) were added, and the m xture was stirred at
mp: 1B540CQHISE.21.5 hours in 15 nitrogen atnosphere. To the
H-NMR @aQF MM MDMde- 8T gpadded, et hegip! s cont ad ninosd 006y,
3.24- 3"@4‘9 4élom)m- _?,""%‘fT Hﬂletéﬁy' aﬂﬁ‘? $31H”L%]noa£‘d 57rh§ 94 (1H, m),

4.08 (¥%ad@?onjnTx¥%r% %ﬁ% %%hceﬁt?%f%dl%nd%? rBHucédé? (1H, d, J
= 13.9pessuB 53 attH etdyl Tace2 af eH£R0 nl) and 10% aqueous

ElementSOhH taéﬁl §'f6fcc§ﬁ5?‘ﬁ%9 ”%) wer e added t$hthe 20
catefgiailic' Payar vde Texer 4Bt el bt Roatflgl Saderate (20 m

Foundy 2?, 5ﬁd7@heHoréaﬁﬂe Fay@r§3 mﬁne9caﬁb|ned and washed
IR Ale\Ih vaker, ﬁaqsntpsﬁ) ard 3satbuiat ed 4 3@qegpus sol ution

ghl Qr.i.de (20 m) in this order and dried
M3 FAé5iﬁPanhy&rods sodium sul fate. After filtration, the

[0461]25 filtrate was concentrated under reduced pressure,
[Referenmbtﬂxampxeduﬂ was purified by silica gel colum

terEdeHgﬁ_ etﬁ§ﬁﬁ§rr3hfﬁlne

(der1V3@1ﬁ¢9mrﬁﬁﬁQ§ﬁQ%m‘ was added concentrated
[0462]hydrochloric acid (1 nL) in an ice bath. The reaction
m xture was 30 stirred at roomtenperature for 15

m nut es, and washed with chloroform (10 nL x 5). 1ON
Meo2dUgOUS sol ution of sodi um hydroxide was added to the
eHHéocl ayer to pH 12Me0,, 3 dql_‘%glr ochloric acid

N oy
z C H

[0463]
To a solution of 1l-benzyloxycarbonyl-3-(tert-

butoxycarbonylamino) -4-methoxy-3-methylpyrrolidine (fraction f)
(0.28 g, 0.77 mmol) in methanol (10 mL) was added 5% palladium-
carbon (containing 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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was then added to adjust the pHto 7.4. The m xture
was extracted wth chloroform (30 nL x 5) and dried
wi t h anhydrous sodium 123 qgugl 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
[Exampﬁéied]under reduced pressure to obtain 103 ng (46% of

(3- A&bﬁotht&épﬁogﬁnﬁ)oﬁéghﬁ_ S £0Y PSS, CLYSLALEI A6 ro-1-
lax. 2BVESs bibyarocne L apbapy bLr anethony ), 65ad BTy
oxoquiBoRinsg- E4c¢ﬁbpxy1;c3a@id(B&ubsy;taeﬁﬁ akaos;tlon 7 derived

from 3287139 (1H, m, 10 4.08 (1H dd, J = 12.3, 7.2
P rﬁ?,lqgggsw(m M, 7.67 (1H, d J = 13.9 Hz),

[0465%.63 (1H, d, J = 2.7 Hz). Elenentary analysis for

C20H23F2N305: Calculated: C, 56.73; H 5.48; F, 8.97,
N, 9.92. Found: C, 56.71; H 5.54; F, 9.03; N,.9.73.
15 kR (ATR)v: 2931, 1718, 1617, 1513,91450, 1438 cm 1
. ABiOCDﬂFZ 424 (MrH)' . [046H 600" Exanpl e

t - But oxycar-boryt afi. R0~ 3N

MQ 20 (derived fron1p%§z§;3h ( DMe
oc NHBoc i Z H [O 1 25 To

1- benzyl oxycar bonyl - 3-(tert -

but oxycar bonyl am no) - 4- nethoxy 3- nethylpyrrolldlne
[0466Kfract|on (3) (0.28 g, 0.77 mml) in nethanol (10 nL)

qggﬁg I d gﬁgg ter

Qﬁ%dfe %%EF 6%ké ﬁ% éﬁgéfa ure
methyl@ira bl hioRp i A HYRfr BgE Pier 1 Tho. r%%%%*iﬂaﬁl%@lne
(0.33 mﬂxtlu&emmm&f|am®r@d7{¢1f&m¢r@e¢+telRamﬂ ythe filtrate
fluoroab@éloﬁ%wntr@lr@&m%ﬂl I £OYLRE PE 6 SHk Sk PndPigL N3 t he
carbox %ée CO {k&&P?§§h$£g€régﬁglé§lYop{&dUCtO lemol were

added , and the mlxture wag stirred at 40°C for 3 days in nitrogen
atmogphere. To the reaction mixture were ethanol containing 10%
water (10 mL) and triethylamine (1 mL)}), and the mixture was heated
under reflux for 1 hour. After concentrating the reaction mixture
under reduced pressure, ethyl acetate (20 mL) and 10% adgqueous
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 combined
and washed with water (20 mL x 3) and saturated agqueous solution
of sodium chloride (20 mL) in this order, and dried with anhydrous
gsodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure, and the residue 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
aqueous solution 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 solution was extracted with chlorocform (30 mL x

<3- et hyl pyrr ol
[P462] MO MeO N
ol uti or1‘of
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subsequent reaction wi thout further purification.
(ESI) mz: 231 (MtH)'. 35 [0464] 124 [Exanple 19]
7- (3- Am no- 4- met hoxy- 3- et lpys pyrrolidine-1-yl)-6-fluor
o-1- [(1R 29)-2-f
| uor ocycl opropyl ] - 8- et hoxy- |, 4-di hydr o- 4-
' oxoqui nol i ne- 3-carboxylic acid (substituent at
5) and p@siédowithdefihy@toud &o@huhir ealfabe (3) A6 i kht fon, the

. I = ~ ~ .
flltra*ﬁavgiggi% g%é%%%&% %%#%%?%%&%%eé ﬁ%@g@u%e?ﬁ&n& the residue
was pug;g%@ thu ggyygpﬁéﬁﬁggﬁpﬁ@)ﬁggﬁﬁqﬁgapq;—dlethylether-hexane.
The cryetayspyerelddied under ne¢dytedupfessdes (lomdhlrain 56 mg

5) &Fighbyiam pec : 21864 114 der.
(25%) 6,7-dif|uoro-l??§?%§%2§?2% fa 180 crystalline powder
[0467lfl uor ocycl opropyl ] - 8- net hoxy- | , 4-di hydr o- 4- oxoqui nol i n
mp: le-3-63¢arboxylic acid - difluorobor on conplex (0.19 g,
'H-NMR 0(-45% rmg,) Dgﬁi(ﬁd]s%aﬂﬁﬁq 1 gl the, mdxt UI.%M.%G' (3%d m),

_ ni Ly ogen: . atywspher e _
3.19 3?%%0?&{ onﬁr% S(tg'a:y vvg %L s 5%0&?% nlgﬁ iog;f %Nhfggr (1H, m),

I oh ure re’ et hanol
4.05-4 (kb (Y, dhb 141 83031 &Fi MBI 10hL) 7 6%d (e Fi x{uT elha HZ) .

§.68 (Iweated. under reflux for 1 hour. After concentrating
Element r%gﬁ%%{g ”i&(f%%zil %gggészr educed plres_sur e,fet h%/I
cetate an 0 agueou sl uti of citric
calcui@it(? ‘ZO&HL?EH\%% dd d4go ?he cégceﬁtrgrgaf‘or
Foundsep€r abboh6i nHo bwéol ayer §.-0¥heNaq@e8ls | ayer was
TR (ATI@)XJ.Ia,@zb@.l@l',wlbhs,etl%wl,ﬁgstﬂge 1(4%(% @m'ﬁ. 3) Vo ?Ed t{we
r c lLayer re conbi ned and washed w wat er
MS (Fm%zgr?}rl}f_' xg‘%)4 a(ﬁqér\ﬂ@at'ur ated aqueous solution of sodium
[0468]chl oride (20 nL) in this order, and dried with
[Refereamndy di:oamsp X5 w0i um sul fate. After filtration, the
Ethyl (3R [418]-8 Wes, Sneenty Al 2 snder (iz@)d“,fﬁdc pressure, and
L T]E EST du WA S urrrrea b SITTCa el
phenyl eghylinvrroladinet 1earkond1ate  nanol | 100: 1) . The
[0469]el uate was concentrated under reduced pressure, and

concentrated hydrochloric acid (2 nL) was added to the
residue in an ice bath. 30 The m xture was stirred at

roo tFenper'ature for @Oopi nutes, and the reaction
I—ﬁ?u\re was washed with ¢ oform (10 nL x 5). | ON
0

N —_— O

N

/J\ Ph /I\Ph

[0470]

To a solution of (4R}-4-flucoromethyl-2-oxo-1-[(1R)-1-
phenylethyl]lpyrrolidine (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 % 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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aqueous sol ution of sodi um hydroxi de was added to the
aqueous layer to pH 12.0, and hydrochloric acid was
then added to adjust the pypto 7.4. The solution was
extracted with chloroform (30 nL x 125 5) and dried
wi t h anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure, and

under féﬂmtéﬂiﬁw@ssMﬁé pwmﬁft@@ bysi®es yedal phzatied byogilica gel

h
conan B EN00E 19 08, UGSt 0 Lt oo
2:3) t‘?l‘?}P{'ea%%n%%u% 75’ba@% %@IWJ@?y‘é‘i’ P POWRIPale yellow

olly sy@e6aicap: 162-163C. 1H NMR (400 MHz, DMSO d6)5 ppm
roa7131- 20 (3H, s), 1. 54 1.66 (2H, m, 3 19- 3. 59 (4H n)

3.30 (3H, s 3H s), 3,87- 96 (1H
e o3 Yy THGUH oates 5% (CHy i O b L HE) o, LS G,
d, J =18.D Hg), 2888583(C11—I,(b1’}. FE)lJenfiainlhrS/lféunaqiysflfs—f'Z)r4 Hz), 3.39
(1H, dCZ;ﬁH23’F24\Bf®5) @llwl atied:t C,756.431 #k) p. 41826 F(2z8 X, T =

7.1 Hely £, Fo&@d %?’2? ]11}6_;2)1 Lt F”fig i SOF

7.26-7 (Ha)> zm 424 (I\/H—|) [0468] [ Reference Exanple 711
[0472]Et hyl (3R, 4R)-4-fl uor onet hyl - 2- oxo- 1-[ (1R)-1- 20

[Refer@{@yﬁ}gr@;ﬂ pyj]r ol i di ne- 3-carboxyl ate [0469] F Et OCC
N
Ethyl )p Ph Ph [04704 > To a soI Hifgn of

phenyl gsienylimsrd ] idmeo 3 diarbggdlate, 154 nmol ) and et hyl
[0473]chl orof ormate(16.1 nL, 169 mmol) in tetrahydrofuran
(500 mL), lithiumbistrinethylsilyl amde (323 ni,

323 mol, 1.OM solution in tetrahydrofuran) was added

0C, andthe m xture irred 30 at :the sane
E % .
© e Fure for 30 m nﬁtﬁ@?. ated aqueous sol ution
ni um chl ori de (700

)\ was added to reaction
0m)Nure at the—safe ter@ergture, and the nmixture was
exjracted with ethyl acetat (700 mL x 2) . The

ofgaRic | ayer was washed Wt FPhsat urat ed aqueous

[0474]

To a solution of ethyl (3R,4R})-4-flucromethyl-3-methyl-2-
oxo-1-{(1R)-1-phenylethyl]lpyrrolidine-3-carboxylate (33.4 g, 114
mmol} and lodomethane (9.94 mL, 159 mmol} in tetrahydrofuran (670
mL), potassium bistrimethylsilyl amide (274 mL, 137 mmol, 0.5M
golution 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
saturated aqueous solution of ammonium chloride (700 mlL) was added
to the reaction mixture. The mixture was extracted with ethyl
acetate (700 mL x 2), and 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 under reduced pressure, and the residue was purified
by silica gel column chromatography (elusion by hexane : ethyl
acetate, 7:1 - 1:1) to obtain 29.1 g (83%) of the title compound
as a pale yellow oily substance.

[0475]
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solution of sodiumchloride (500 nL), and dried with
anhydrous 35 sodiumsulfate. After filtration, the
filtrate was concentrated {@f under reduced pressure,
and the residue was purified by silica gel colum
chronatography (elution with hexane : ethyl acetate,
5:1 -* 2:3) to obtain 35.0 g (77% of the title

H NMR CQOITIO Wik as:rmzlgasepyﬁllwzgal 131, SLtbstcarkcez S HMATH .49 (3H,
%é"%MOOJM"ZS %ﬁ)ﬁzpﬂn 14731%%% r?) 31 cr4n};ﬂH ad, J =

3H_d
8311155'2)(1H3 %9 5 7t ,4 LTL|z=5 35 )(14H1%| qz. Ap)7-1 Hz),
4. 34 43594(FHH MY, 51 52 6(IHHzY, &.267(®Hiz)k, T.28-7.39 HAGH, m).

(04761 42( 2H, dd J=47. 1 5.1Hz), 5.49 (1H, g, J = 7.1 Hz),
[0472] [Reference Exanple 72]
[Refereﬁ‘?%‘?ﬂg J}Rﬁﬁ fl uoromet hyl - 3- meth | -2-ox0- 1-[ (1R) - 1-

@ R) 15[ 0473] O

phenyléiﬁin]ﬁi&ﬁallalﬂ&ﬂ% cafﬁ&xﬁild\&&nd ~Ph [0474] To a
[pa77180l ution of ethyl (3R 4R)-4- fTuoronet hyl - 3- net hyl - 2-

20 oxo0-1-[(1R) - 1-phenyl et hyl ] pyrrolidi ne-3-carboxyl ate
(33.4 g, 114 nmmol) and iodonethane (9.94 ni, 159
mmol) in tetrahydrofuran (670 L), potassium

EiOQC e japt hyl si |yl Me’Z 4., 137 mmol, 0.5M
SQ ion in toluene) dded at -78C, and t he

oFXtHr e was...stidrredpat the sane tenperature for 10
i nutes. The tenperature 25 was gradually increased in
3@ mpputes w th stirri bp -10C, and saturated
aqueous sol ution of ammoni um chloride (700 nL) was
added to the reaction mxture. The m xture was
[0478lextracted with ethyl acetate (700 nL x 2), and the
Tar gardocl Utayer ofasetlkgdhed sM4R) - sdtlurcateede Eogle@usnethyl-2-
oxo-1- mmul%maf IR eh) Iqrdldleal@%me)ﬁb&gdlﬂé edhdd g, 65.1
o) 4 LA G5, S99 T oAt MU DL o U
hydroxidee (edsildud wb pumidlledvashypdddd cirqueiisol wnel the mixture
was stiGferetRgrapmiialdisi owabyrhexanems) eyl addedt &bethe
reactloZ‘i Jmletuéf 1)11} %noqtc% r]ba%.% 1 a%c{ Ei::?h@ a%lécnﬁs tééllﬁ:lon was
washed w1th diethylether (500 mL). Concentrated hydrochloric acid
wag added to the aguecus layer in an ice bath to pH 2 to 3, and
the mixture was extracted with chloroform (500 mL x 3). 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 19.16 g
(quantitative) of the title compound as a white solid.
[0479]
'H-NMR (400 MHz, CDCl:)3d ppm: 1.51 (3H, s), 1.59 (3H, d, 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, Jd =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-phenylethyllpyrrolidine
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as a pale yellow oily substance. 35 [0475] 127 1H NWR
(400 MHz, CDC13) 8 ppm 1.29 (3H, t, J = 7.1 Hz), 1.49
(3H, s), 1.56 (3H, t, J =838 Hz), 2.34-2.47 (1H m,
3.04 (1H, dd, J = 9.3, 81 Hz), 3.29 (1H, t, J = 9.5
Hz), 4.19 (2H, q, J = 7.1 Hz), 4.34-4.59 (2H, m,
5.52 (1H, g, J = 7.0 Hz), 7.28-7.39 (5H, n). 5 [0476]
[0481] Ref erence Exanple 73]
(35, 4R) - 4- Fl uor onet hyl - 3- et hyl - 2-oxo- 1-[ (1R) - 1- .

Hothmny ethyl]pyrrq&th #e3; car boxylic acid [0477] 10 E
MeF AF HOOOCF  ~>\& [ 0478] To a solution of

0 (3S,4R) - 4-f | uor gne} hyl - 3- et hyl -
ox 1 [ (1R) - 1- phenyl et Byl ] pyrrol i di ne- 3 car boxyl at e
( Q0 g, 65.1 15 mml) in ethanol (400 niL), 10 nol /I
aque@hs sol uti on of sodlﬂh1hydrOX|de (65.1 nL, 651
nmol ) was added dropwi se, and the m xture was stirred
[o4g2]for 30 minutes. Water (400 nlL) was added to the

act C

LRI L B B oo
(1R) - ww&mdlhywww%ew@%o%l%mt % e mmol) and

dlphenﬁmtmmd)wbrazid@n(liim helth 1D. M1 B anbuende(380 mL),

trleth)?rjhﬁﬁﬂﬁ@ s f)ﬂiﬂ acf 4l I?ﬁ‘hc_t)f gﬁ‘é@réﬁc@é&n (209 f@re’?nﬁture was

organi c ayer was drie anhydrous sodi um

stirred in A, Olahdi’aa?f% &t ¥19% farod, home -f | Theateaghdéon mixture
was comomuerired athderd eredecht qor g ssstiree olftwin oreenerede

producﬂvaﬁlazz@@tf&ﬁﬁccafleyndiﬁct 4@k by adding toluene (20 25
MS (Esfi) and q ¥§der reduced pressure to obtain 19.16
2

{? uantltatlv of the title conmpound as a white
[0483]so||d [0479] 1H NVR (400 MHz, CDC13) 5 ppm 1.51
TraH resgul thired diBtde hreluwt/ . in e ,fEAW 2. 5574 i{ddtvanate was

dissol\;%d'élﬂ 11H %o;gaf e 1P mrly 1 48 wax S (ddhmrBGisld, J =
concent(rlapf,ed dlyc}]r h;lqy::,%)agcz 2@457 IQLIO)_(vgq.G_f qﬁc?ec%o%ﬁn % & bath,
and thg mmﬁ&(aﬂmEre]ﬂ]at room temperature for 3 hours. Water
(180 mL) was added to the reaction mixture, and the mixture was
washed with diethylether (200 mL). 10 mol/l agueous solution of
gsodium hydroxide was added to the agueous layer to pH 9 to 10 in
an ice bath, and the mixture was extracted with chloroform (500 mL
X 2). The organic layer was washed with saturated agqueous solution
of sodium chloride (100 mL), and after drying with anhydrous
sodium 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]
'H-NMR (400 MHz, CDCl;)é ppm: 1.30 (3H, s), 1.55 (3H, 4, J = 7.1
Hz), 2.18-2.32 (1H, m}, 2.98 (1H, dd, J = 10.3, 7.3 Hz), 3.17 (1H,
dd, J = 10.4, 4.3 Hz), 4.48-4.72 (2H, m), 5.48 (lH, q, J = 7.1 Hz),
7.15-7.37 (B5H, 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 toluene (200 mL), and a solution of 65% (by
weight) solution of sodium bis (2-methoxyethoxy)aluminum hydride in
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(3S,4S)-3-(tert-Butoxycar bonyl am no) - 4-fl uoronet hyl - 3-

met hyl -1- 35 [ (1R)-1-phenyl et hyl ] pyrrolidine 128

[0481] HOOC :~T F BocHN MgogF O N N\ ( A Ph APh

[0482] To a sol ution of

(3S, 4R) - 4-f | uor onet hyl - 3-net hyl - 2-oxo0-1 5

[(1R) - 1- phenyl et hyl ] - pyrrol i di ne-3-carboxylic acid
toluenéb34%.8mal) asd mabphebyl pboapher b ak) dewdd5added, dropwise
in 15 ﬁ%ngiggokh F? §gLug h(ééotgki thErhﬁhg¥|@ghB§r§%§rg does

was a m xture was tirred

not exggredn58i¢. it e MiKtyeR Viafho%‘ﬂr% ﬁ‘%a%‘?@%ntemperature
for 10mnxthutes.wdBhe oneerit ren euixnder wasluoeoled ebsuare tee bath,
and 25@bkﬁynwéhsheyugguéeusrsgyﬁﬁlbﬁ bbesﬁgﬁﬁhoﬁgéﬂox1de (160 mL)

was adﬁgguﬁrpﬁglg?uﬁﬁ%lﬁqer,u;{nw% é}b‘? :'_r% %Jflgrajh o%@eansa?lutlon was
extrachad witbsopiuanen(133-whoxardhg gorganic gryewmtwss (wsshed with

saturaﬂ%ﬁ afgdedbsconteniont ed bydiomhtblbeiaei d1045mm)) wAS the
n re

organlé g%??k WQQ ffg&?ﬁ?t% %ﬂ Y&PSV§1éBHE§T“%ﬁ%E§tE chfﬂer

flltraﬁﬂﬁ%d FBetﬁélFE%E?lHﬁSnF?PE?%tréﬁﬁdtH@dﬁ¥xFﬁchﬁﬁsPressure

to obtadsheHewettddi proghet hen tB60fotn. ofOanvbhinaqieous g) .

MS (ESP] Uk on ofz S@ﬂ_lﬂ?m hydr oxi de was added to the aqueous
ayer to pH9 to 10 in 20 an ice bath, and the m xture

[0486]n5 extracted with chl oroform (500 mL x 2). The
Be gling cctagerrvedueashedt e t Fosat of azedeniieols0.-0 g, 40.2
mmol) w8 ULBEABd @1 -sedt UBnePl oniderhdNftal)s.andgafigr2 mmol), and

che rofbyis fERAPINEE b h ot 40 SULLRLENBENLLLL) 1000 novss.
After sbipptagn Ehe %@hﬂ%nbr%@%c¥emﬁv?ﬂebYo¢h?B¥léﬁ P8R HRART

reduce@l@rdsgurémﬁéﬂdOﬂhe r¢H1Bdé Q&Bhbﬁkiﬁﬁédhby sCDixE3) g6l
columnp@qg % ggg% v el%;%@ %ggt g%xgg %t? )a%e£E e; 19:1 —
5:4) t :gnli ﬁEFE? ae é %2 QPPU as a
colorlﬁsastramqureut:syrqphﬁybst%@ce 15 7.37 (5H n. NB
foag7)(ESI) mz: 251 (MkH)'. [0485]
'H-NMR (400 MHz, CDCl:)é& ppm: 1.32 (3H, 4, J = 6.6 Hz), 1.42 (9H,
sy, 1.52 (3H, s), 2.35 {(1H, td, J = 14.2, 7.1 Hz), 2.45 (1H, t, J
= 8.3 Hz), 2.57 (l1H, 4, J = 9.3 Hz), 2.70 (1H, 4, J = 9.3 Hz),
2.92 (1H, £, J = 8.8 Hz), 3.31 (1H, g, J = 6.6 Hz), 4.42 (1H, ddd,
J =47.1, 9.3, 6.1 Hz), 4.63 (1H, ddd, J = 47.4, 9.3, 6.1 Hz),
4.94 (1H, &), 7.19-7.31 (5H, m).
MS (ESI) m/z: 337 (M+H)'.
[0488]
[Reference Example 75]
(35,48) -3- (tert-Butoxycarbonylamino) -4-fluoromethyl-3-

methylpyrrolidine
[0489]
S

N
. ﬁ



The crude product in the formof an amne (10.1 g,
40.2 mol) was dissolved in toluene (200 nL), and a
solution of 65% (by 35 weight) solution of sodium
bi s(2- met hoxyet hoxy) al um num hydride in 129 tol uene
(48.3 nL, 161 mml) in toluene (6 nL) was added
dropwise in 15 mnutes in an ice bath so that the
[0490] nner tenperature does not exceed 50C, and the

¥6X5“£81&§%oﬁtbfr?§sa&3529”RESPPeEQEH§ ca£85n%9am1no -4-

fluoroﬁ%FHY153aﬁ8t§Sé6l($§1ﬁé|&ﬁP?eﬁgﬁéBBX BVEFP%hdﬁPe (1.35 g,
4.01 mmodl) uimhgdharotle (8 260LN yaswaddaddadsdpaphadéumAtagbon

5 catalygﬂemﬁ?%FQéﬁgﬁ igguﬁtoﬁa%ébeo?og@tbpn ﬂg? 3gét§@§%SH31on was
u
stirreg; {§ a@a?b}a?gﬁhaa'&eﬁﬂs s%q’%t}g%ﬁl%r%oﬁ? U TIPS 2S
atmospi{iepe - mALtemndrameing gdie ccattaderstwdey did eeraiion, the
flltraaahwgéog@n@@ﬂtﬁﬂtéalﬁﬁaér AbbgeedOptiekbnaki 88, obbein 932 mg
quanti%%Ei@éfhé@stﬁgggﬁaaé ggggEdﬁém?SQH&egsp£358¥591?%g 0

cru orm of "an am ne
10 tran5P©§enREﬁ¥EE?)SH¢§taQ§? (MtH) + [0486] To the crude
[0491product in the formof an amne (10.0 g, 40.2 15

H- NMRZ?HH& )gl % rtea%u‘&%l Q{c%pgnﬁt&(“ rred at2 1e-
220 dillpsclis 1 Soe el B Lt TR 5o
7.4 HZEoI%eﬁ@ Wel , r @dpvéd= bylsttBLEaszn 8ndér (l1Heddeced = 11.8
15 HZ) 494?55U6§ (zmd whe EﬁgégﬂfHWﬁg)pUrLfLed by Si|iﬁalga
Q%gpag japhy (eluted with hexane : ethy
ESfP #P?e DB%{ZO 5:4) to obtain 1.78 g (5 steps,
[0492 O) of the title conpound as a colorless transparent
[ExampBer 2] subst ance. [0487] 'H NWR (400 VMHz, CDC13) 5
-[(3SPP§} §*§£1ﬁ§fh £1udrombe By tizd smde Fho18dinl19¢1] -6-
20 fluoros 15E lﬁgzé @oa@ 1quchopropy ]58Lm thquﬁlkéLﬂi]Ydro—4—
oxoqulmohxgesilmarboggzc(a%dt ) =88 H), 3.31 (1H g, J
[0493F 6.6 Hz), 4.42 (1H, ddd, J 47.1, 9.3, 6.1 Hz),
4.63 (1H, ddd, J = 47.4, 9.3, 6.1 Hz), 4.94 (1H, s)

7.19-7.31 (5H, m. Ms (ESI) mz: 337 (MtH+. 30
[0488] [Reference Exanple 75] (38, 43) -3-

Ir-=

25 [0494]

(38,48) -3- (tert-butoxycarbonylamino) -4-fluoromethyl-3-
methylpyrrolidine (221 mg, 0.951 mmol), 6,7-difluoro-1-[(1R,2S8})-2-
fluoro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid - difluoroboron complex (343 mg, 0.951 mmol), and

30 triethylamine (0.159 mL, 1.14 mmol) were dissolved in dimethyl
sulfoxide (3 mlL), 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, 9:1) (40 mL} and triethylamine
(1 mL) were added to the concentrate, and the mixture was heated
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35 BocHN' MeF BocHN, M A F N N e ~Ph H 130 [0490]
To a solution of
(35,45)-3-(tert-butoxycarbggyl am no) - 4-
fluoromet hyl -3-nethyl -1-[ (1R)-1-phenyl ethyl]pyrrolidin
e (1.35 g, 4.01 mmol) in ethanol (30 nL) was added
10% pal | adi um carbon 5 catal yst (containing 52.81
under vetetx £03020housBd tTiee StspensdOMmirsurstvds econdemrated

under hugé h Al forT&g égﬁg fh{g &QQ§ lyved 1n ethyl
EP NS e

renpvi n cat
acetat?hélo i RPr %t &) ma@neoFE@nF%éPanﬂnH@F W@ﬂHEQdeFQséﬂreaqueous
solutito obt ainhr®32amyd( aannlt at waeerof 5OhexcBludeahdr geturated

aqueougOQBﬁﬂﬂﬁoﬁsoﬁ E@ﬁ@ﬁheéﬁlo%@dérQﬂ@@aﬁEWt SWEéWbrganlc layer
was dr%§a|w§gﬁ inﬁyéfgLF §?d1§m éugg §+t(iﬁﬁcﬁfke§pgghfﬁﬁﬁng the
residug, ghe filbraky, wdsogopgentudted un@@rgreducadp@;essure The
concenBrafe (dik ddssdlvedlin, c8nbethifratda2Byftbchllordc=adia8 (20

mL) a%? EE%3§é%ﬁﬁ%§n63 é4gg Q} %Xagsrgég Eé%pery§u£gsk$r 30

mmutesr [ (8% 42k ien ﬁ@wﬂrwfwm&% Wty PR T ol ¢ nt 400 b x
5), andyt¢ bh@0aqueous layer was added 10 mol/l aqueocus solution

of sodih IHOH atokidR £5)pB- iﬁUQﬁOaﬁ 9¥8|BQEpr|ﬂy&c§@H&?ﬁy lacid was

4 di hydr o- 4- oxqu|noI|ne- - C |c aci d 049
added ERCHRINEC FRe/ DOCERRS: £ | “GOCEPe NP ELPE BRI epp e Faghgd vith
chlorofNnL{LEQ ~=E~X\AN/ | THES qigrt]c (Be/emByas 3iried with
anhydrdb €l so@utexyearheayl aningitef- fil uoaenBhNythé- filtrate was

concen%r%@%dp uo?glﬁé %féﬁ%é@a suQegS%HEn%gncentrate was purified
by reCJrY%alerZ%%%p BP9 ¢t Iﬁ%%hoﬁvdl the grryaEsl4- ¥Reguirded

under réedecedd paedoxydi coashdaind2ébuegolbpedn obnphext (848
compourt® a9 32 180} 4118 %owder .

[0495]
mp: 187-189°C.
'H-NMR (400 MHz, 0.1N NaOD)d ppm: 1.38 (3H, s), 1.40-1.51 (1H, m},
1.51-1.63 {1H, m), 2.45-2.58 (1H, m), 3.49 (1H, d, J = 2.6 Hz),
3.58 (3H, s), 3.64-3.73 (2H, m), 3.85 (1H, t, J = 9.4 Hz}, 4.00-
4.05 (1H, m), 4.69 (1H, ddd, J = 37.3, 10.0, 5.9 Hz), 4.80-4.84
(1H, m), 5.00 {(1H, d, J = 64.0 Hz), 7.66 (1H, d, J = 14.5 Hz),
8.42 (1H, d, J = 2.7 Hz).
Elementary analysis for C;pHz;F3Na0, 0.25H,0:

Calculated: C, 55.88; H, 5.28; F, 13.26; N, 9.77.

Found: C, B5.58; H, 5.29; F, 13.17; N, 95.84.
IR (ATR)v: 2962, 2873, 1720, 1618, 1510, 1435, 1363, 1311, 1275,
1234, 1186, 1l22cm '. '

[0496]
[Example 21]
7-[(35,48) -3-Amino-4-fluoromethyl-3-methylpyrrolidin-1-yl] -1-

cyclopropyl-6-fluoro-8-methoxy-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid

[0497]
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30 triethylamne (0.159 nL, 1.14 mol) were dissol ved
in dinmethyl sulfoxide (3 nL), and stirred in an oi
bath at 35C for 18 hours. j4bter concentrating the
reaction m xture, a mxed solution of ethanol and
water (ethanol : water, 9:1) (40 nL) and triethylam ne
(1 m) were added to the concentrate, and the m xture
was heated 131 wunder reflux for 2 hours. The reaction
m xture was conceptrated wunder reduced pressureQ The
BocHN( de rate was d ssg&mﬁd in ethyl acetatr
and the fiti gh was washed with 1096aq
tioh o i ,
turated Heous solution of sodi
) The orga |§Zhayer was dried mﬁtE ;
sodium sul fate, and after filtering th® residue, the
filtrate was concentrated under reduced pressure. The
[0498poncentrate was di ssolved in concentrated hydrochloric

rr‘per at ur QE_%rt %%’5? él%&egfgw%e Y Z%cﬁlg%r@nke%%?fn 3
methylmrqm%e wW4h- THDr of of $F (MRL b % CBFLOBRAPYH ¢ he-
difluorspiaust hayer 1 wasd Hagerb 10- owbdh i aglienes3 sortbooyliofacid -

dif 1uo:.5<51%i=’:591 hé’&lﬁ Ldedo @"1‘(1912 b N @f xhrﬁ&liat dnd "l’z’ﬁi@@lﬁ‘ﬂ/%mf}ne

aci d dded o ad
(0.033 8500, 1604 SHE ! Sede T e n O Pebi 8 i ving EiTsomide (0.5
mL) , ariheclor gaintcutayens waisi dreddimi 4 b1 apdyldraus3sWdifiom 19

" hours. SWffratre comr@rira®iny theatdigturtde o inlitdfed &Mt ion of

etnanof YIREMK 160 HEL T edUppd Pr es sy (o dNer FOGEN £ ALEy1 amine

(0.5 mly) heacgcfz%tte@ stRfereonre it akmdernd e%%éal%%’é%u%s%eated
under whilhixn 269 hdq4) ahet heddttilon mmnmwdvaas paErerated
under Iyeﬁiﬂé%ﬁ‘l @Qﬁ{ gO 4498l MR 18 1s 10?@& di é’é%cﬂ‘@l@ ethyl

38 (3H, s
acetatqyl 50 1mI51X -’63 etrﬂ' BT‘B (:21%%(% 5‘88‘% 1= Iﬁ?d %léth &Qll—f‘queous
solutlcm Jf g6 HAGid 3(HB IH, WHteB. (OB ¥33 ) 2Hna)saBassted
queoud Hdlisich ©H. bdidin hlWrLEe 49D diH Mhe b28Rr(itHlayer was

dried v?uldr%i (Ji“hyjﬂj%4 %3 Q:) 5}916%1%6_:”_' axgé’ %‘hes oi%%’lﬂ;zr%s Sr%cwed

by dlst(llﬂa@ozg wndery q.go}uc ST HH Y angﬂ ir& sfigjue was dissolved
in cond&ﬂh%’&:l—'e&i\l&@@ﬁbcﬁﬂl-dﬁﬂ_c al & ul B treml) ﬁ @b, B8e Watlb, Z28nd the

solutlcﬁl w’lé?s 25% J_N_fe@ 7t|7R TR %@%6tgire55f_’7cg§ BMmﬁ@@esF The
e e N RO L0 o Y L e

the aqueous layer was added 10 mol/l aqueous 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 (100 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 ethanocl, 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. ‘
M-NMR (400 MHz, 0.1N NaOD)§ ppm: 0.82-0.5%50 (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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[0496] [Exanple 21] 35
7-1 (35, 4S) - 3- Am no- 4-f | uor onet hyl - 3-nmet hyl pyrrolidin-1
-yl]-1- 133 _ _
cycl opropyl - 6-f 1 uor o- 8- net hoxy- 1, 4- di hydr o- 4- oxoqui no
i ne-3- carboxylic acid [0497] 132 0 O BocHN Me "F F
COOBF2 F :1 | COOH N+ F :);,; I NNNHOw F Owl
d, J =HEN.0[8498]3.58 (3H, s), 3.73 (1H, dd, J = 10.4, 2.6 Hz),
3.78 éﬁrs éS)J?’ (%eﬁtH’QPt Ogy@@rﬁ’of% 358?8”0&1) alygr@ngghbuB- ,
rro |d|ne
7.65 iHcy %rop HzE, 8. 49 (1H, s)
Elemend&f?umm@lﬁsnstﬁoxy@ﬁH&ﬂthQdio 4- oxoqui nol i ne- 3- car box
Calcﬂ&dﬂééw'ﬂr'5@'@%U0h0b@r@@ C@”Dbeé3£6& 6 1%9310. 200

Etnnugﬁngolégggpargghgy 3V uIPog de (Oq? 240aggDLLemere

IR (ATRI %t uddSlas 3874, r éd7on &vedi,| Avatsh aI7Z§5CJf6c?rO,19LBO8, 1439,
1373, bouss.1Af3erizoecentgqf i ngstheinpxtene, a m xed
[0500f0|Ut|0n of 10 ethanol and water (ethanol : water,
% (20 nm.) and triethylamne (0.5 nL) added to the
Examp%% trate, and the mixture was heated under reflux
7- [ (38 f8) 23 haniso - Fhel uenohe oy bt Xt we ehwisycontedinat edl] -6-

fluoroNd el 1IE ei’é‘:’)c-eéj PI1§<§§<9I £- cﬁ!ﬁo%fl@rp\}ffl uge ¥R51 di S0hYRFaro-4-
oxoéuliéi o703 ¢g "g;,_

£215 solution of citric acid (50
[05010m), mater (50m x 3) and saturated aqueous sol ution
of sodiumchloride (50 nL) . The organic |ayer was
dried with anhydrous sodium sul fate, and the sol vent
was renoved bygadistillation under reduced prgessure.
Bm&m'EME si dge mas di ed in concentra
rgﬁhlofl [ ?é %{) in an ice bath,

utidn LT ed at roOomrt enpeLaptm

nutes. They ogm%tlon mxture was wa

Ioroforn1(10 x 5), and to thgqaqueous ayer was
added 10 nol /1 aqueous sol ution of sodium hydfoxide

[os02]to pH 12 in an ice bath, and the hydrochloric acid was

@%r ac)t_ed_a%#ﬁé }Ig‘h:e%)&éo orn,f](al%lgf? 304 195‘1: %1 3-

methy LRsrgemt T Ans) e ISt i o Wnitrel anh@d??ﬂlﬂs %ﬂr%n% [(1R,28)-2-
fluoro-siH dwatiegpraney af termd il T at | bnditdrd+ 4 toab@uitasiine-3 -

carboxyFoNe e @t edy 1K RL- SieGe b REeESH! 92 T heg CONCENMEREE) , and

trieth§%§%fﬁg|{dF££7 mL, 3.20 mmol) was dissolved in sulfolane (5

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 ethancol and water {ethancl : water, 9:1) {80 mL}) and
triethylamine (1 mL) were added to the concentrate, and the

. mixture was stirred in an oil bath at 920°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% aqueous 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 the solvent was removed by distillation under reduced pressure.
The residue was purified by short silica gel column chromatography
(elusion by chloroform : methanol, 49:1 — 9:1). The residue was
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by recrystallization fromethanol, and the crystals

were dried under reduced pressure to obtain 42.6 ny

(52%9 of the title 30 conpeypd as a white powder.

[0499] np: 226-229C. 1H NWR (400 MHz, 0. 1N NaOD)6 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, 133 d,
dissoclved 1fl. QoHeEnt2ab8d( BHdrerhl13r13 @tHd dao his 1t 4n ice bath,

and th% gékgﬁggEgi%FSE fkes %g Eépsggﬁger§t9§e4fé éékhlﬂﬁtes,
and waghed ¥jthephiehe ?ymaﬁm}sﬁn% ¥or) 20i® ieqis layer vas

added 0al nol Al edqu€pus8s8but tHhn5069sof&iud. BRdrdikide. 8¢. pH 12 in an

ice baEﬁunQndch é@o@%%gﬁﬁcgazgd ﬁésgaééed“kolgdﬁﬁst|ﬁhe PH to 7.4.

2
The SO%@%@ Hiusg SiB9reqyEen ShioroBShn (14E 1R 39’116@d the
organ1@n14yeFog@g]drlgd[gyghpa@hyg¥ous sodium sulfate. After

Filtratfibh3ScUS) £ 81 AL NE-Ha k| tonesrt hyted- aRabY| Feytueeli grdssure,

and th% ¥éélgPe ??&B@% 51??uo¥or?cr CF%l%%zaF}o% froE ?t%aﬂol
The crygiafrveae %Rb% i WoeRergdecs oR?F?%uﬁ%lﬁo[@Béi}n 9%.7 mg
(9%) of| Ohe BottNe dempobnCOBRY péle ; YeTOON pdivéler. M ~F F

rosoa®e ~—~f~-WI~F LLL~~~~ H2N [0502]

(3S,43) -3-(tert-butoxycarbonyl am no) - 4-fl uoronet hyl -

mp: 1334 Byrrol i di ne (932 ny, 4.01 mol),
'H-NMR 6(40-0diMHz0r00-1¥ [NaLR))3Sppar: 20.18-1.32 (1H, m), 1.38 (3H, s),
s55-1fésiorog 1-gycl opsopyis; 8snpt®y$3L24sgihyﬂr0mﬂ ox0Qui nok, d, J

1.

b I d - I 922
a4 i LG Rt e
3.78 (Yis @qiss%we% 8n Bub 7 ne4(%9 , @hd %fhe % 2t uf et Hz)

4.70 (wAas &ddrré&d= |mlaa 09I4ba6hoaHz35C4f@m—36@6 haw,s.m), 5.01 {(1H,

a, J =F6hes gonceptEat (g the Feacil o @hxiugessa mixeé J = 3.2
sol uti'on 25 of ethanol and wat er (et hanol

Hz) . 9:1) (80 nL) and
Elementary analysis for C,pH,:FiN:04 0.75H,0:

Calculated: C, 56.80; H, 5.60; N, 92.94.
Found: C, 56.52; H, 5.53; N, 10.06.
IR (ATR)v: 2968, 2873, 1718, 1614, 1508, 1462, 1431, 1396, 1358,
1319, 1282, 1163, 1128, 1101 cm™ '
[0504]
[Example 23]
7-1[(38,48) -3-Amino-4-fluoromethyl-3-methylpyrreolidin-1-y1]-1-
cyclopropyl-6-fluoro-8-methyl-1,4-dihydro-4-oxogquinoline-3-
carboxylic acid
[0505]

B“”“z.:f;/w F COOBF, F 1 COOH
| \
N " F N N N
H

[0506]
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triethylamne (1 nL) were added to the concentrate,
and the mxture was stirred in an oil bath at 90C for
30 minutes. The reaction f@xture was concentr ated
under reduced pressure, and the concentrate was

di ssolved in ethyl acetate (200 nL x 2), and 30 washed
Wi th 10% aqueous solution of citric acid (100 niL),

Ve e1S) (ﬂomemii)utcmebasmaﬁ 2 Bs)UeDUS]L 5ot dilid oy D 3 -

e Ly R T

8- methyjenlo«féodwyca’f%ﬁm»aww%b%ﬁ-%- ~The
difluorasociue awsplex i (22 oy, sMoBESsmhmbh,gﬁmdcbtlEMhylamine

(0.143 crmoniat rm %ﬁ@'&@é%&@dcﬂ%@iﬁmne"ﬁf@%), and

49:1 -3 9:1). The residue, was 134 I ssol ved in
the mixigiceiaattd HRA ookl i R hdarl 2F n?Ls G o%n L% Boats - The
reactigmdnitieung Mag ecorcentiated, and comieemheratwl o opt Fthanol

and waﬁ@:flutéﬁiarﬁfﬂ Wagesh Wi ¢ iy ch{ 06 Ghoy rar{clo&:mtlxyﬁamlﬂ@ 1 mL)

were addiy a%yea&{ A EL ) %ﬂ%g e TRALLAQYS éﬂé’éda OIh an

oil batiydrtocl @rlf@raélodmmt@@ded'fhﬁ ﬁ@ﬁ%@oﬂh@lﬁﬂu!—’@ ¥ag,
concentiiet &bl uidean wadbioed mactedhiwve t haoh| o frorsmi diddOvad &issolved

in ethﬁ ’a@é’ifjaﬁx.{'e 1(9:[ 91%‘5”}9 i Y elndag, fid £d, W rﬁ.(ﬁnhé/@i@é{%s
msul fate f{ filtration the %@Itra

sO1ut1 Qb feforft ke T e RS UM ) (TR SR Brared
aqueousveso puridn axf tgod:eum yeh o ideat {oh iflrJom émea@mganﬁ@: Teeer was

dried »@fﬁﬂstaa{ menes Hdedmwndersdeducad pessHre; 11o-robieh N the

flltrate ms@qr%raté&e%%ww?fw&@al e.[‘h%elclf%t\gentrate
was pu:q\h‘."ggd Ypthoot fgl_lll@ qeH, coyumny @'gfqr@_to%gaphn5 (elusion by
chloroﬂoﬁt’ﬁ-ﬁeiﬁﬁr{dﬂ‘] 49 .1 2553 CL3H a®y, theSFedibme( Wds l@lssolved in
concentoi'azrga ]ﬂ'lﬁdﬂjchhofic,g eoh 1Ef3 nﬁ.g (1173!’ftteu: ‘étir%l%

soluth:&)at 4rc6§n (tﬁmpqﬁatufel:lz . 304 ML es, j:hﬁ) Relar-(l-"tju?ﬂj ml\]xture
was washefl] woitl9 chlagafdyn) (50 8. & g0 (1!310 e Ba0eoUBHlaygr was
added b Wd7/.19 dddleous &b iulH ortl,of sodiud Hji'drozv&c?é fdhpr 2 in an

ice bty I R B BN AL A BIE Lo g g 0 7.
The solytigpmaas Esxpidcted 56 HD: ch.]rong)fgg'm I\flolcb “@6 x|, and the
organid AER)ar w2868 ri2RY i thy Ehhilhiels 168 und 4691 E&lid3], Aftexr
flltrat:ll%%p t]l'noé's%llt%:%tjeg]b\%s e renbded 18Be 1 HE6 B pressure.
The cor[centxlatel was purlzf?ied by recrystallization from ethanol,
and the crystals 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)3 ppm: 0.75-0.90 (2H, m), 1.10-1.25 (2H,
m), 1.38 (3H, s}, 2.56-2.61 (1H, m), 2.58 (3H, s), 3.29 (1H, d, J
= 9.6 Hz), 3.53-3.63 (2H, m), 3.64 (1H, dd, J = 9.8, 2.7 Hz},
4.10-4.17 (1H, m), 4.68 (1lH, ddd, J = 34.7, 10.2, 5.3 Hz}, 4.80-
4.82 (1H, wm), 7.67 (1H, 4, J = 14.0 Hz), 8.57 (1H, s).
Elementary analysis for C,oH,3FoN305:

Calculated: C, 61.37; H, 5.892; F, 9.71; N, 10.74.

Found: 'C, 61.26; H, 5.91; F, 9.86; N, 10.72.
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7-[(3S,4S) - 3- Am no- 4-f |l uoronet hyl - 3-nmet hyl pyrrolidin-1
- y| ] -1-
cycl opropyl - 6-fl uoro-8-net -1, 4-di hydr o- 4- oxoqui nol i
ne- 3- 30 carboxylic acid [0505] O O BocHN~ Me F COOBF
FCOOH NFNN HMF M HN [0506] 135
(3S,4S)-3-(tert-but oxycarbonyl am no) - 4-f| uor onet hyl -

(ATREY hy l3pyerr olsipgiTne 26228 m@,731. &&1@”0hx16 1545, 1508, 1458,

1431, %3§§C'?${$pyi%§%7 i f4uofpgq

dro- 4- oxoqui nojfl ne- Ig car boxylic acid
08L it uoroboron corrpl ex (280 ng, 0.855 mmol), and
[Referdamcetlﬁvydiwle}@&} (O 143 mL, 1.03 nmol) were dissol ved

(38, 48) nasy&ﬁcs& &y 111 X1 P(fR)’\ﬂﬁ ﬁﬁéﬁyf&hﬁ
et

as 0r e was concentrat ed, and a ni xed sol ut| on of

[0509]et hanol and water (et hanol water, 9:1) (40 nL) and
triethylamne (1 nL) were added to the concentrate,
and the m xture was stirred in an 10 oil bath at 90C

f-orF 30 ni nut es. Tﬁ’@opgaq}ﬁn m xture was concentr at ed

nder reduced pressurg, \and the resi due was di ssol ved
NTn ethyl acetate (X x 2), and washed with 100
aqueous solution of citric acid (50 nL), water (50m x
and saturated aqgUeol® sol ution of sodium chloride
(50 mL) . The organic layer was 15 dried with
[0510]anhydrous sodium sulfate, and after filtration, the

Td |d rediesnasn Qg‘arlccam r-af el useede uczed[ @lrEE)S—SlU-fﬁlen-El‘[Leethyl] -

gﬂ% rjf by Q ]glq ﬁ%'l ﬁ&)‘!
2- TPYIE iy o OS}r ‘Pusjl onlﬁl? cr%Poéréo ano %Iljl 22 mL,
41.2 mmagllg qg %gﬁp q fagaqy el Wi Jss ok m]blstrlmethy151lyl
amide CUhcemiltatz. hydeagichliorade seiwk {dd im )tetAhwirofuran) was

added 5%'&%?”% %h%héomigkﬁEEO%agtsququeqa%h%E% éﬁbé%gture for

actli on m x

20 mindhgl (R R i e ol Sl oo s r i pderide (200
mL) wascistrdl Caroid reRpdoum solinn af Wutli aamdyhnpd i ure, and
the mixahdel wa"a aiktﬂat&éaﬁtﬁtrar&}{mdrm&aﬂe c(zad thvas Addedhe

organ:u:I aﬁﬂéc | or of a s[ﬂé(élgzﬁ sat tseod Ua{c#]@élﬁ.\é@gsfogféﬁ{fg&f ecgf sodlum
Chlorl%s( 9 &b i t"’Hlda lZY%’- d’rrﬂ?ﬁdéftﬂl%sat@ A e'?r‘-‘lf""‘te After
filtratfiidrt,r aihﬁ)l’fl]IﬂIElthl [wasatenwssn toeneehturaiesad retlered pressure,

and thd SAUCRHPRRSSWiR-1 £iHE lﬁprb%ﬂrltd'a?tgfe Wass Vi fdiBba ography

recrystallization forom éthanol
(elusion by hexane : ethyl acetate, 5:1 — 2:3) to obtain 8.50 g

(85%) of the title compound as a pale yellow oily substance.
[0511]
H-NMR (400 MHz, CDC1;)8 ppm: 1.33 (3H, t, J = 7.2 Hz), 1.56 (3H,
d, J = 7.4 Hz), 2.80 (1H, 4d, J = 9.8, 6.1 Hz}, 2.94-3.11 (1lH, m),
3.34 (1, d, J = 7.1 Hz), 3.53 (1H, t, J = 9.1 Hz}, 4.23-4.31 (3H,
m), 4.37 (1H, dd, J = 5.6, 2.7 Hz), 5.49 (1H, g, J = 7.1 Hz),
7.26-7.37 (5H, m).
[0512]
[Reference Example 77]
{3R,48) -3-Ethoxycarbonyl-4-flucromethyl-3-methyl-1-[({1R)-1-
phenylethyli-2-pyrrolidone
[0513]
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and the crystals were dried under reduced pressure to
obtain 109 ng (330) of the title conpound as a pale
yel | ow powder. 30 [0507] npg7212-215C. 1H NWR (400
MHz, 0.1N NaOD)S ppm 0.75-0.90 (2H, m, 1.10-1.25
(2H, m, 1.38 (3H s), 2.56-2.61 (1H, m, 2.58 (3H,
s), 3.29 (1H, d, = 9.6 Hz), 3.53-3.63 (2H, m, 3.64
gobeHt dd, J = 9 8, 2 7, E%b 5 4.10-4.17 (1H, m, 4.68
J08, J = 34.7, 16CCF%3,), 4.80- 4.82 (1H m),
73(1H, d, J =14.0 Hz

.57 (1H, s). Elenentary
Oan ysis for CZOFZ3F2NZ®3NCal cul ated: C, 61.37: H,

5,92, F, 9.71; N 10.74. _Jound: C, 61.26; H 5.91; F,
9.86,"N, 10.72. 136 IR (ATHfv: 3361, 3087, 2974,
2873, 1712, 1616, 1545, 1508, 1458, 1431, 1358, 1315,

[0514]1558" 1188, 1151, 1109 cm1 . [0508] [Reference
']Ey(as;rrﬂ;@lq?@'lors of (38,48)-3-ethoxycarbonyl-4-fluocromethyl-1-

[ (1R) - é”tlﬁt’i"})x?/ ﬂ@cﬁlyidénél L@rweghyials [hrddR) y lardnen
10dome1¥1!1&%£,% yr r? té:tﬂ}g&éfurw 170 %) ,

a SO ution
PotaSSJ(%)szww%fﬁly ¥} AR - 66 renPh ety mmol, 0.5M
solutichn Py redl one) (Wadadieddts M0, andl efHeymixture was
stlrrec%rg_@rﬂfxé’r%@(@én%?efgcturé"lf@r Pl he ST T Qmiqfeo“ét&%&mg,

['1thi pistripethylsilyl amde (7

L,
the ter?%e@w was o %‘H*%Jt}rlbn”?‘hr?%ﬁ%h%r o?fQJFar’r)n \iéé’s miglutes .
Saturataﬁcﬂj@tﬂaaom satkidre of anmenive chleridet 0Gane) was added

to the tﬁé@@d’ﬁ:ﬂﬁ?}f@,{re 20 mﬁ@&maaizﬁ ah sl @ﬂtmﬂﬁed with ethyl
Qn qQ

acetat? h&sﬁrdeac [ onéa) %&Jg&%} C?]{%’ﬂ%é lo%érrper a gq{@ﬁe

saturatg taFEe s @&Lita“&%d)% FofligimyFh et dR e J(Ez%o‘ﬂm angydried

with anyedrergastdimyer] fese wagifed Wit tattiont, edth@qlfadljts:ate was

concenﬁ%% cPér %ﬁ’é@@ %ﬁﬂféje AP0 1) e ML ANEY purified

filtration, t

odi um e. After
by silyqq tgref& S AR el T i P ST, Do
acetatd he’ rlesbdae 1Wa$op@bitbiiad 7hy 1sigl |(<9afgelofccb1h@mtt1tle compound

as a p&tv opEier aphy, febdisioie by hexane : ethyl acetate,
[05151°-1 -3 2:3) to obtain 8.50 g

'H-NMR (400 MHz, CDCl1,)& ppm: 1.10 (3H, t, J = 7.2 Hz), 1.50 (3H,
e), 1.57 (3H, &4, J = 7.1, 2.4 Hz), 2.46-2.60 (1H, m), 2.89 (1H, t,

J = 9.5 Hz), 3.35 (1H, dd, J§ = 9.4, 7.9 Hz), 4.00-4.15 (2H, m},
4.20-4.45 (2H, m), 5.56 (1H, q, J = 7.3 Hz), 7.26-7.37 (5H, m).
[0516]
[Reference Example 78]
(3R, 48) -4-Fluoromethyl-3-methyl-2-0oxo-1-[ (1R} -1-phenylethyl] -
pyrrolidine-3-carboxylic acid
fO517]

[0518]
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(850) of the title conpound as a pale yellow oily
substance. 25 [0511] 1H NVR (400 MHz, CDC13)8 ppm

1.33 (3H, t, J =7.2 Hz), 1386 (3H, d, J = 7.4 Hz),

2.80 (1H, dd, J = 9.8, 6.1 Hz), 2.94-3.11 (1H, m,

3.34 (1H, d, J =7.1 Hz), 3.53 (1H, t, J = 9.1 Hz),
4.23-4.31 (3H, m, 4.37 (1H, dd, J = 5.6, 2.7 Hz),

Podd $¢dtatdonJof (3R, 4B) 53 3OtHoRpedxrBdntbH - M uoromethyl-3-

WS G DR (i SRt ot O e
5

ethanoR) (30 Bhbnyl &t Ry} 12a%9??6?|%8%%t%@n 1394 dfup nyg
(3.42 WwLEtDODCemmoF) Gis addéefl dtepgwifh Ph aﬁ05¢4]babha and the

mlxturéoﬁéé'Qﬁlﬁfe&3§®ﬂ5ioSmEﬁHQé%Fag%ﬁﬂ%}8 45 '“%Egradd%d to the
[

- hen | et r 28. 3. nmo
react igh LTBHS Y Aot ¢3, B7C I 550, %hﬁn%gye?ﬁg 562uPs S wids
washedt@ttlah@d&bhﬂlaﬁhﬁmt(ﬁ iyl) . pStasdiamBienys ey $ids/|added
concen@fh €84 (BfdBodhloBfc 02 818! toOppM 66! 3t iAnannitel behR) and

the soﬂ‘@&&? dedy aéxtfg&eéﬂgbﬁﬂe ﬂ]fé{és'f%ﬁ’l"a? o Shi, ML 4 at ti{}ﬂée

mper at ur e stlrrlng
organig eh?ﬂé?%t‘ﬂﬁ‘% VREheF adiialn | 525 wereed ede@oud oeoiE3pn of sodium

. chloridenut@snLil) Sadudated wijtleouwshpgdtons opodiuvansohfae. After

flltra§ﬂ$ﬁrkg@if§$g$€&%%2@%§aggﬁg%%E§?%%§ ﬁﬁ@é%'?@d?%%% fessure.
The confit Beel i S B SHCRPL P Bl SR fuene (20
ml) , andtdebedduadereoosdeotdt poss oire oud uppedlor Peed (%o(mﬁ

the tifld Ebm@Sundidd RnEYUEOUSsS O LN SubEdgee Af ter
[0519flltrat|on the filtrate was 15 concentrated under

reduced pressure, and the residue was purified by
'H-NMR si40 % tpel e epronatofBaph§l( dEHsi &4 by ﬁé’xénél (1H, m),

3.02 (Ethydd, atetat®,5,/7:1.4 3HA) 1)3t09obtmj dd, 91 g 19199 ofl Hz),
t I onpoudd 1 @S pal £ I ol ubsian )
4.34- 4)[%‘@ {%ﬁ g%)c ”ﬁ@% 14%0 %I—t@ C%e%)%ﬂpprﬁhé P i(@ ?@[—I m)
MS ESI F: 2 4% (3H, s), 1.57 (3H, dd, J:71 2.4
[0520]Hz) 246260(1H m, 2.89 (1H, t, J = 9.5 Hz),
[Refer&c@ﬁ e, 79 = 9.4, 7.9 Hz), 4.00-4.15 (2H, m),
i, 12O A A R Pl B o Pl 9 oGty B -

[{1R) - 1 phenylethyl]pyrrolldlne

[0521]
HOOC,,' Me.“\....‘F BocHN,, ' Me..e“‘-F
0™y > N
A|=rh )\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 mL, 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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[0516] 25 [Reference Exanple 78]

(3R, 4S) - 4- Fl uor onet hyl - 3- net hyl - 2- oxo-1 -[ (1R) - 1- phenyl

ethyl]- pyrrolidine-3-carbgxyglic acid [0517] EtOOC Me

F HOOC M F >'Ph APh 30 [0518] 138 To a solution of

(3R, 4S) - 3- et hoxycar bonyl - 4-f | uor onet hyl - 3

met hyl -1 -[ (1R)-I| - phenyl et hyl ] - 2-pyrrolidone (1.05 g,

MS (ESS3)4&/pwolld77 n(methanol (20 nL), 10 nol/| aqueous

[0523]sol ution of sodium hydroxide (3.42 nL, 34.2 mml) was

added dropwi se in an ice bath, and the 5 m xture
The r fEdde QPTRBUGRT Nt ekhe vEPER ?éoaﬁt}saﬁxa%aB%dW%% 5h%solved
in 1,4réackana fbExhlie andawater ath, mhhdahtiecagoenbsated

hydrocﬁ@bfiboﬁcﬂgs 2W§SME¢ %ék@ QHSEEYEStBﬁis(gglﬁklonTQntQﬁ ice

ous concentr at rOC or
bath. Jtey fpwy@q%a@ﬂ? TR Bartob e SR gh 13 hours,
water a8 ki rweseaddedhtentbeorenrt o0 m&XRHB?, ah@ fhe mixture

was waSh8@ankcthayestMasevBshedsyl hh) satts adied RAYURAUS layer was

added f&lﬁéiQT 8 4 95”&%}?9%8ﬁ'%§tééglgk) ¥§?9X9&éegombﬁh9 to 10

rous um su
in an %??tb%r% mﬁ%chh%eﬁ?F%Féﬁnuﬁﬂ%re?EH%EEEdpWéé%u?%lor?ﬁ%rm
(100 mGORCENt r allee wasysarzientIrspmcatdsy whsiad |veidthysaddraiged aqueous

solutléﬂlengoéggm ) o 894 gib@dmigg;énﬁeéﬁﬁgé Qi@ﬁséﬁﬁyéﬁous

oosumcBuEHiee GIBL B0 o, dr UG VLS SO 85 e racen

under tﬁnn@9d89p9a$uneseelobua(ﬁkthﬁ)gradeopno@40§1kn e form of

an am1§e024'€d.Hn }jd J = 10. 5, 3.4 HZ), 3.49 (1H, dd, J =

[0524 5, 1 Hz), 4.34-4.56 (2H, n), 5.49 (1H, q, J =
]70Hz) 7.14-7.36 (5H, m. 20 M5 ESI) mz: 280

'H-NMR M%'MHZ[Ma)PF@p@Fen?e@@fobde8>79]1 54 (3H, d, J = 7.1

Hz) 2(ZR—AR);Q3(1merm}Buiao&g/calﬂmpngwamrne)m £] vorongzhyl 3335 (1H,

ad, J DBifyi-l», ﬁ(ﬁB 14955”)4' %bhxbhpywol |5d|4r1e %51 124 - 7.0 1z),

HOOCMeMe ' FBocHN;
7.26-7.37 (bH, 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 mL), and a solution of €5% (by
welght) golution 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 so that the inner temperature does
not exceed 50°C, and the mixture was stirred at room temperature
for 10 minutes. The reaction mixture was cooled in an ice bath,
and 25% (by weight) agqueous solution 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 (490 mg).

MS (ESI) m/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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[0522] To a sol ution of
(3R, 4S) - 4-f 1 uor onet hyl - 3- net hyl - 2- oxo-1- 30
[ (1R) - 1- phenyl et hyl ] - pyrr o jgli ne- 3-carboxylic acid
(950 ng, 3.40 mmol) and di phenyl phosphoryl azide
(0.806 n., 3.74 mmol) in toluene (20n),
triethylamne (0.948 nL, 6.80 mmol) was added, and
the redéﬁhéﬂ>ﬁi&ﬁUM@Sw§éiéﬂfﬁké@ &N Obdm bedhp@taddOE for 17 hours.

secor Pl I L R PTG o 0 g

the ref’f%ﬁ‘%ﬁ d‘faf'arplil@ofc%% ®.shkra et ppiumg LS heemaieargriy
(elusidrD5A3| hexldite Cr Usiehypr adltetata, the: £ 04‘—>|T150f4)artd shtpdmatd®4 mg
(5 stet@S Mg Js%f"%e L g - X ARE (25 M) co PO MY & rd HaParent

concentrated 5 hydrochloric acid (2.5 nL) were
SYrup QQ?thls solution in an ice bath. After stirring
(0527}t he mixture at roomtenperature for 13 hours, water

n-nMR (2@ omivagrrddesl ot he rzﬁlacwpnd“ Xt U e @r}f’zthq 44 (9H,
s), 1. ggxéou’s ﬁ)was? V?lsh Wd%;ﬁdd{ 4/e%he7r éﬁgz)m‘) ﬂ? £, J

leous’ so |on
= 8.4 Hgydi An Y dridki d%r th pH P tiFho 2105?‘@ an’ | ‘:?eH'baI?)h 3an%8
q, J = tde Spd)ut iomnaslextddtt el wi4h. zhlorof o8 m KA00 46X (lH,
3) sze g)r anj & lipyer mesg weshed, Wi th satyrad e
add, dJ 47 H
ﬁ ﬁgﬁtrgl on }% 'sodium chl ori d'e (100 nL), gsnd m -
Ms (ES dZMA?ﬁ ous sodiumsulfate. After
[0528]f||trat|on the filtrate was concentrated under

[Referéﬁagugxaﬂgﬁ§syﬂe to obtain the crude product in the

(3R, 4Rf_ ﬁeof __uan %gre 13. ) 40 4 ' 44207 .

methylggnrolidioe 42 (1H, n), 2.82 (1H dd, J = 10.3, 4.4
10. 1,

[0529]Hz), 3.35 (1H, dd, J = 10 7.4 kh) 4.32-4.62 (2H,
m, 5.47 (1H, g, J = 7.0 Hz), 20 7.26-7.37 (5H, m.
M5 (ESI) mz: 251 (M+H)'. [0525] The crude product in
Bcch formof an amne (470 ng, 1.88 mol) was
ooy, Meotveed i n t dlooldheMe1Q i), and a sol ution of 65%

(RBy \ 25 wei ght) solz?ﬁﬂn of sodi um
b - nethoRy et hoxy m num hydride in toluene (2.25

Tkil7.52 nmol) in toh uene (2 nm.) was added dropmnse

[ Bhminutes in an Hce bath so that the inner
tenperature does not exceed 50C, and the m xture was

[0530 }st|rred at roomtenperature for 10 m nutes. The

react| xt ure mas ol.e n.an i
%ugyon of % 3 (teréibuégiycagkonylamlno) 4 -

fluoromethyl—3-methyl—1—[(1R)—1—phenylethyl]pyrrolldlne {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, CDC1;)$ ppm: 1.44 (9H, s), 1.47 (3H, s), 2.16-
2.30 (1H, m), 2.85 ({(1H, 4, J = 11.5 Hz), 3.01 (1H, 44, 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, s).

If
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30 and 25% (by wei ght) aqueous solution of sodium
hydroxi de (5 nlL) was added dropw se. After quenching
the solution, the solutionyyps extracted with toluene
(40 mL). The organic layer was dried with anhydrous
sodi um sul fate, and the organic |layer was dried with
anhydrous sodiumsulfate. After filtration, the
MS (Esf)lwyate aws @bmoncentrated under reduced pressure to
0532]obtaln the crude product in the formof an am ne (490
)., M5 (ESI) miz: 237 (MrH) + [0526] To the crude
[Exampggo%%kt in the formof an amine (490 ny, 1.88 40
7- [ (3R ) ) 3 wasinddedt tiotemethyl yb -wechybpparel {d5d-hgyl] -
fluoro21 07 (IWPL3) - ADEh J4Po- 1 heyE 8861681 M ¥ L HECHYRD - Bl A LEEHydro-4-
oxoquiﬁ%&iﬁgpiquzeégi {g égrql/ hours. After concentrating
Hhe—FeattFor—Hr¥ grder reduced pressure, the
[0533) esi due was purified by silica gel colum
chromat ography (el usion by hexane : ethyl acetate,
19:1 -3 5:4) to obtain 404 ng 5 (5 steps, 35% of the

title conpound aspa col orl ess transparent syru
BocHNs

1.44 (9H, s), 1. 53 (3H, §),[2.31
27 2 FEY 252 T1H, . .
= 9.0 H), 2. St 2HOME)\ 8. 28

(1H, . 7), 4.42 (1H, ddd, Q 47. 2, ,
6.1 Hz), 4.62 (1H, ddd, J = 47.4, 9. 4 6.2 Hz), 4.98
[0534](1H s), 7.22-7.30 (5H, m). MB (ESI) mz: 337 (MH)'
I R, 4
rz{ﬂ B]:? g%tfb% i noA 4]%9% Jf%cg)rorreﬁ]u?ls%mﬁhyl 3"
methylmw} 3] (1&ff Mo [ B52% élwfow-[f\im 28)

fluoro— - cjbldpf%pyIK%Q{ﬁéﬁﬂoxﬂkﬁﬁﬂsddhydrm @#oxoqulnollne 3-
carbox B 4R 1P~ (1&f £ T A QXY CHM DY 00) 248 mg, 0.742 mmol) and
triethylamine (0.124 mL, 0.891 mmol} were dissoclved 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 (ethancl : 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% aqueous solution of citric acid
(100 mL), water (100m x 3) and saturated aqueous solution of
godium 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 agqueous layer was added 10
mol/1l aqueous 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.



fluoromet hyl -3-nmethyl -1 -[ (1R)-1-phenyl ethyl]pyrrolidin
e (250 ng, 0.743 mmol) in ethanol (10 nL) was added
10% pal | adi um carbon 25 cajapyst (containing 52.8%
wat er, 250 ng), and the suspension was stirred in an
oil bath at 40C for 1.5 hours in hydrogen gas
at nosphere. After renoving the catalyst by filtration,
The cryﬁmléiwéf@tgrm @@@@ﬁnfé@h@édupﬂegsﬁfduﬁedoptamgnEs mg
t r npound as
(67%) GF B HILES et a8 Py HE e B0k e T hsT]
[0535]1H- NMR (400 MHz, CDCL3)S ppm 1. 44 (9H s), 1.47 (3H,
mp: 18%)-188°t6- 230(1H m 2.85 (1H, d J:115Hz)

5 lH-NMR 3(4%%4’4 ’lN] agj') pm:- 41"'%% ge- 1‘]62 ),
1 H % 49-
1.61-1 %ﬁlﬂ ‘2)9 4? ;81 34‘? ‘R)s (% ? ﬁf"z’ 33§(M+ Hz)
3.59 (310532, ?tE}’((an‘blEé, 24] J = 9.3 Hz), 3.75-3.84 mj, 4.02-
4.09 (¥u] (B8R 4JR)'7§ Anznogdaf | poeomet, hyl 93-setshyl ]I—QZN,I'GJJ?CB-I’&.Bl (1H,

m . %1‘ uk)ro 1- CECE’ngZS)S(? %1 udr o I-cyc}I{opf opyﬂ t%ox‘;j/ 1, 14.7

10 Hz), 848 hfr cs4- oxoqui nol i ne- 3- carboxylic aci d [0533] 0 O
ElementBocHNndkydi & KEOBEAHLINSOOQHIHEOOMe F F OV F LV HZN
el e gy 3t ngy Ao 5??%? P8 ) T8
Foundfy | 58: 3041 F1 udr 527 - F( ARE3gp 120 8
IR (ATH)wor @sl7ocyelepr, opylk- 8-1r$ﬂt6ho>w 7I4,,4 Adillzy drid-34-,048¢Wi, nd-354 ,
15 1317, 1329; 3ra2ref boxyd j c1 e dem *di f1 uoroborane conpl ex (268
[0536]rrg, 0.742 mmol ) and 15 triethylamne (0.124 nL, 0.891
were dissolved in dimethyl sulfoxide (2 ni),
[Refer%ﬁﬁﬁtﬁi?@%]r%tﬁjdn was stirred in an oil bath at 35C
tert-Buitorl 16diour sELuiie@r3 annden +Riding-1 he(TRAEL + on
Ehenzléﬂﬁﬂrﬁyrlaolfﬁf@ 330%@5%&(5@ [28Ghe ATE) ;Nla; o e (1
20 [0_5371ITL) wer e édded, and the m xture was heated 20 under
reflux for 2 hours. After concentrating the reaction
m xture under reduced pressure, the residue was
. di(ﬁgol din ethyl acetat® (1 m. x 2) and washed

,2"% 010% aqueous’ sol u%\l&to ric acid
— . 3
o o} '

N N
”kPh f’kph
{0538]

To a solution of tert-butyl (3S)-3-methyl-5-oxo-1-[({(1R)-1-

25 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-fluorobenzenesulfoneimide (13.3 g, 42.2

30 mmol) was added at the same temperature, and the mixture was
stirred for 2 hours. Saturated aqueous solution of ammonium
chloride (300 mlL) was added to the reaction mixture, and the
mixture wasg extracted with ethyl acetate (300 mL x 2). The organic
layer was washed with saturated agueous solution of sodium

35 c¢hloride (300 mL), and dried with anhydrous sodium sulfate. After
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(100 nm.), water (100m x 3) and saturated aqueous
solution of sodiumchloride (100 nL). The organic

| ayer was dried with 25 amygrous sodi um sul fate, and
after filtration, the filtrate was concentrated under
reduced pressure. The concentrate was dissolved in
concentrated hydrochloric acid (10 nL) in an ice bath,

the flﬁ‘ﬁhﬂf@l rﬂ'n@ UF €61 thest & tid § esbriden 0o d & npedat Ureddesd

pressuﬁé) e aqueous V@;%S%m%;ﬂ&%ﬁgécgﬂog chp é%e%ﬂ@mn

chromatsceﬁmpkuh Glupidiurhydreiale t&-pH Bestatm izel batB:3) to
obtain ehdB hyalr d#)oroft tdes o el adehgebured adjamstert ) pis tap white
solid. 7-4. The solution was extracted with chloroform (150
[0539]m_ x 3), and the organic |ayer was dried with
anhydrous sodium sulfate. After filtration, the
TH-NMR f(iloor aHe , waDCiont erpm at ad 3endeH,r éducded @.essimle, 1337 (9H,
s}, 1. ?ﬁd j}h? goncenty at Q{Tz\./)a,s Purd f@il@ﬂ ki, repr=ysmud,i zatl ey,

om ethan S e erg

3.17 rI'fe’durHc’e prglsgsu#éigzt)o’ h%tzgjlr W%F %s of“'the “0“%11-1 et
= 7. % dtpound s 7a 3Rl @Wel“!ow povvder [0535] np:

MS (ESIN8m/B8C328 IM+NWVR. (400 MHz, 0.1N NaOD) 8 ppm 1.38
[0540](3H s), 1.50-1.62 (1H, m, 1.61-1.70 (1H m,

45-2.58 (1H m, 3.39 (1H, d, J = 10.5 Hz), 3.59
[Referguge EXpMpIe;§211H ¢, J = 9.3 Hz), 3.75-3.84 (2H, ),
tert- Bud.:}GZ (38)09 (Elkionn)- 3 -Methy(1HE - ook, 1 -J[ R0 T plerg/lehyl] -
yrrolﬁi@neJﬁ-@%rﬁd%kﬂéHé (iBomcA ¥ (1H, ddd, J = 56.6, 9.1,
[0541]0; L rZ), 767 (IR d,"J°= 4.7 10 Hz), 8.48 (1H, s).

El ementary anal ysi s for C23H22F3N304' 1H20:
Calculated C, 54.17; H 5.46; F, 12.85; N, 9.48
54. 20; H, 5 52; F, 12 5 N, 8.99. IR

E#%)viléwo 2868, 1724 1 74 1512, 1437,
15 1317, 175 THK 1192, 1142 cm 1.
36] [ Ref erence. Exanpl 1] tert But y|
O BS) - 4f|uor03rrethylo- 0-1-[(1R)-1- phenyl ethyl]
rrolidine-3-car boxyl at isonmer A) 20 [0537] Me LO
FM¥e Ok OAW O-NI : ~Ph [ 0538]

[0542]

To a solution of tert-butyl (38)-4-fluoro-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
agueous 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 silica 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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To a solution of tert-butyl

(3S)-3-nethyl -5-ox0-1-[ (1R)-1- 25

phenyl et hyl ] - pyrrolidine-3;£arboxylate (6.83 g, 22.5

mml) in tetrahydrofuran (135 nL), lithium

bistrinmethylsilyl amde (27.0 nL, 27.0 nmol, 1.0OM

solution in tetrahydrofuran) was added at 0C, and the
compoutid X{ UsEm&BSB shavigg atpdhersapenighper tham el fotetbn) as a

wnice RoRMices T 4 IGASECI LY G o)30, poueiT o

[0543]3dded at the sane tenperature, and the m xture was
TH-NMR St4o0 et ,orcTZ1hp8r spm Satiurzad eth Zjuenus sAdutizm od, J = 7.1
Hz), 2aWDUiPPdeh3LOI'ﬁ@ £ 399 my  y;speded, t@ iheoreagsj ong .68

ur t he e was ext Wi
(1H, O-Lac'it atgl(gg[gz % ﬂ%’he br%anlr?:af lg?/?e)r V\jahzi%ajél% (5H, m).
MS (ESTM tih/ 3at Br& e@ﬂ%ﬂueous sol ution of sodium 35 chloride
[0544](300 nL), and dr| ed wi th anhydrous sodi um sul f ate.

[ReferéﬁégrE%a% filtration, the filtrate was

ed under reduced ressure, and the reS|due
tert-Bygal n(3$k 14of BRI TBe YLz bt LIER) whyioien
pyrrolidﬂmEHKHbémbdxy&HEE (fsdmérambtate 5:1 -* 2 3) to
[osasobtain 5.80 g (800) of the title conpound (isomer A
as a white 5 solid. [0539] 1H NWMR (400 MHz, CDC13)8
ppm 135(3H d J =29 H), 137(9H s), 1.56

(3 —71Hz)310(1 =102 1.1 Hz),
F Rl :103Hz)_. J =517 H),
. 10 J = £ 7. 39 (5H, m. N5
"ESI) rriz 322—@MH=|) O] [Reference Exanpl e 82]
0 tnt But y
%4 fI uoro 3- net hyl - 1-[ (1R) - 1- phenyl et hyl ] -
rrolidine- 3- carboxyl at é’h(lsomer B) [0541] FMe

LO( FMe OW ZN "~Ph '-~Ph [0542] 20 To a solution
[0546]5f tert-butyl (3S)-4-fluoro-3-nethyl -5-oxo- I -
T4 ER sl ypieny ot ot -pyrrol | G o8- Bartssxy et hislorferoxo-1-

ﬂ%}eﬁ@]gathyllzj %Mﬁldlgéeﬂ@%w;qfww (féondn ,2) (2.58 g,
0:05 it MDA IR, o) U (8Pt pdd Ty ol ion o
borane (i TRSHAIREINRIRY r {3kt %tmﬁhe?%aﬁréﬂf%%wpe%ratacﬁ - §prbath and
the mixture was stirred at room temperature for 15 hours. The
reaction mixture was concentrated under reduced pressure, 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 mL 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 obtaln 2.15 g (87%) of the title
compound (isomer A) as a colorless oily substance.

[0547]

'H-NMR (400 MHz, CDCl:)8 ppm: 1.29 (3H, d, J = 3.7 Hz}, 1.32 (3H,
4, J = 6.6 Hz), 1.46 (9H, s), 2.44 (1H, 4, J = 8.8 Hz), 2.68 (1H,
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25 15 mnutes. At the sane tenperature,
.2,6-di-tert-butyl phenol (2.97 g, 14.4 mmol) was
added to the reaction m xtyje, and the tenperature
was gradually increased with stirring in 2 hours.
Sat ur at ed aqueous sol ution of ammoni um chl oride (200
nm.) was added to the reaction mxture, and the

dd, J #ixiure waso ety ack ede W1k, edidiyl 730 aced at®. (209) N3 xo6 (1H,

_2 0% gani ayer S Wi £ h, sat {i at _
d. d _a%U%o%g?éo U??oﬁl%f %bd?ﬁﬁw%ﬁ?ggghé %2%% n%?ﬂ gﬁa Jo=5s2
4.9 Hzlr ddlei T h31 ahP§drBls sodi um sul fate. After
MS (EST)Infati @08 therH)i'l.trate was concentrated under
[0548yefuced p{essure, and the concentrate was purified by
silic el_co chr omat ogr aphy (el usi on by hexane 35
[Refer%?%?/lﬁ}é‘%wja‘?e%ggl 23 2:3) to obtain 2.32 g (60% of
tert-Bulel t {3$-449ue ety sohet (BR hayi
pyrrol M Oher 3 i barbdSPI@te A)idéné hite solid. 1.53 g (4096)
[0549fn Isomer A was al so recovered. [0543] 'H NWR (400
MHz, CDC13) 8 ppm 1.38 (12H, s), 1.53 (3H, d, J
5 Hz), 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 (1H g, J =
Fiiel \Hz .26-7.39 (5H, Bl WB ) mz: 322 (MrH)'.
- 2} [Ref erence Exanpl é%TlO ert-Butyl
39) - . 4-f | uor e=3—met hyl - 1 {T(\MR) - | - phenyl et hyl ] -
PNT rol i di ne- 3-car boxyl ate Nisonmer A) [0545] FMe. 'ok
wok O :-:'"Nl N .O-Ph _&.~Ph 15 [0546] To a
solffiti on of tert-butyl (3S)-Pfl uoro-3-nethyl -5-oxo- 1-
(1R) - 1- phenyl et hyl ] - pyrroli di ne- 3-carboxyl ate (i somer
[0550]p) (2.58 g, 8.03 mml) in tetrahydrofuran (50 nL) was
Tagl de s dlliMdrs ad futf et Hut yaor &) 441 £ toabyydhod thiyah-5-oxo- 1 -
- o i A | 204 i xf U
JIRT € Rt o A
5. 10 QB 1brt S Y G bt Tak et LWHLrSF Biigh@y Of borane in
tetrahyphesBuran Gv@. 7 viel erlq 5 mnoletwadhordded i )an ahee bath, and
the mixdiied Rydanddiertedd e vehe BsseshratirantécerDaiburand After
concen%‘a%ecei;ﬂ%gt;%e:n rz%tlljlﬁ&g q‘ﬂlwé Jrﬁiéf‘”&%cﬁcéﬂ ﬁ%rggé'ﬁ%e, v(vjater
g the teaction mxture under reduced |
(5 mL) p5tdamaakr €45 il ler ndEMItREEHHRA(2 dHe) tHRFHi3ddpe in an
ice battps sd ridot efixture 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 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 concentrate was

7.1

0

purified by silica gel column chromatography {(elusion by hexane :
ethyl acetate, 12:1 — 2:1) to obtain 1.55 g (99%) of the title
compound (isomer B) as a colorless oily substance.

{0551]

'H-NMR (400 MHz, CDC1;)8 ppm: 1.29 (3H, d,
da, J 6.6 Hz), 1.43 (9H, s), 2.39 (1H, d,
add, 34.4, 12.0, 1.7 Hz), 3.02 (1H, d4, 9.5 Hz), 3.35 (1H,
ddd, 31.5, 12.2, 4.6 Hz), 3.44 (1H, g, = 6.6 Hz), 4.78 (1H,
ddd, 54.2, 4.8, 1.6 Hz), 7.192-7.32 (5H, m).

= 1.2 Hz), 1.34 (34,
9.5 Hz), 2.74 (1H,

J
J
J
J

G oo gon
I
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with chloroform (200 nL x 2). The organic |ayer was
washed with saturated aqueous sol ution of sodi um
chloride (100 nmL), and drigdg w th anhydrous sodi um
sul fate. After filtration, the filtrate was
concentrated under reduced pressure, and the
concentrate was 30 purified by silica gel colum
MS (ESThrajmt ogg@EphiML£Iel‘usi on by hexane ethyl acetate, 12:1
[0552T73 2:1) to obtain 2.15 g (87% of the title conpound
%ISOHEF A% as_a. colorless oily substance. [0547]
[ReferqpeRnvxanbde VB! CcDC13)S ppm 1.29 (3H, d, J = 3.7
tert-Bekyl 13382-13benzghorycdrboByb-#ziludrd63(8ekhyg)pyRrddidine-
3_carb&gygage Jdisomes8 k), 2.68 (1H, 145 dd, J = 31.7, 11.9
[OSSBfE)’ 296 (IH dg, J = 31.0, 5.7 Hz), 3.06 (1H, d, J
= 8.8 Hz), 3.32 (1H, g, J = 6.5 Hz), 5.22 (1H, dd, J =
55.2, 4.9 Hz), 7.14-7.31 (5H m. M5 (ESI) nmz: 308
(MrH)+. 5 [0548] [Reference Exanple 84] tert-Butyl

(85) - | uoro-3-nmethyp-1-[{(1R) -i - phenyl et hyl ] -
i¥%§§i@ﬁ%éine-3-carBMkIWﬂ&»&%ﬁoner B) [0549] 10 FMe
0 zvﬁ W-

k 17 Me Kk_o _ N NPh h [0550] To a sol ution of
rt-butyl (3S)-4-¢l yoro-3-nethyl-5-o0xo0-1-
[ (1R) - 1- phenyl et hyl ¥- pyrrol i di ne- 3- car boxyl ate (i somer
h(1.64 g, 15 5.18 mol) in tetrahydrofuran (30 ni),
1. 01M sol uti on of borane in tetrahydrofuran (16.7 ni,
[0554]16.9 nmol ) was added in an ice bath, and the mixture
TR SddTvieibratof opsrrd -afpefat (1) forf hoheuwd SneMEBr1- [ (1R) -

: . o ;
t-phenf ASRPH A E IR A00 LOQUILAIS MURfel P15 5, 699
mmol) 30§ S FA AR HINH |4 Wetle) aderY R SEPeREl vl toride (1-50
mlL, 10 tHhenmdXt urses wakddrbatadl widermizeflox War drfirhedirin an oil

et SASASS SS pli ASstio L g et Cpic
r

N

ESRHir JTET HEO0 e o 2Je° Tier 1 ied by

silica drefarfielumny erhygra teastrahm thl usen ey deedaneousethyl

acetates0liion>0b :39dicbmeghbani desil1@0 (Flyk) @3d ¥ 8dtle compound
(isomer A) as a colorless oily substance.
[0555]

'H-NMR (400 MHz, CDC13)8 ppm: 1.35 (3H, dd, J
(9H, br s), 3.24 (1H, dd, J = 17.0, 10.9 Hz),

4.08 (1H, dd, J 10.7, 2.7 Hz), 5.14 (2H, d,
(1H, d, J = 51.0 Hz), 7.26-7.38 (5H, m).
[0556]

[Reference Example 86]

7.8, 2.2 Hz), 1.41
.61-3.75 (2H, m),
= 4.6 Hz), 5.17

o Wl

tert-Butyl (3S)-1l-benzyloxycarbonyl-4-fluoro-3-methylpyrrolidine-

3-carboxylate (isomer B)

[0557]

LK 2
FMe Vg FMe‘ﬁxofL:
Z*S —_— *
N 23

N
N )
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25 w th anhydrous sodium sul fate. After the
filtration, the filtrate was concentrated under
reduced pressure, and the ggacentrate was purified by
silica gel colum chromatography (el usion by hexane
ethyl acetate, 12:1 -4 2:1) to obtain 1.55 g (990) of
the title conmpound (isoner B) as a colorless oily
[o558pubstance. 30 [0551] 1H NWR (400 MHz, CIK&S)S ppn

o2 fathe nlof fofy ey, Ms(Sipond SR 1) -
1-phenyligthyl b-pyriolidipe-1-garbyxyiabe iphey, BJ -§559, 5.04
mmol) kﬁ)dl@hBﬁr@ﬁéthaﬂdd(BO mLBl. ben4@ldxydadbby] 8hddride (1.08
mL, 7. éékhmgl gas agdég)’aﬂd7ﬁ¥élﬁkxt§§edggs Qtrr§6d21%4a§ oil

Hz)
bath aF l\/ﬁ’f'll)c £qup b 1hoyRs e AdRES B@é‘ﬁ&%ré‘s}]mﬁ)e rttl'leB&Fteﬂc’:lon
mixtur¢ 3Gpder beadytedypuebonye, 4atheuvesiduaevay| pyribiedi hg-silica
gel coﬁuﬁnC@ﬁb@%&t@éﬁaﬁ%f0ﬂ61u§Q0ﬁ05§3ﬁeﬁhnEN@ &h¥Meac&kate, 20:1
(0]

- 3: 2 ~Fh 2 t1[{0554j03§ 5)0“% t%j ogltleertcott)t%c}/und (isomer B) as

a COlO{l%ﬁ%n?%%Yh???sﬁ?¥¢%+|d|ne 3-carboxyl ate (isonmer A)
[0559] 2. 15 g, 6.99 nmol) in dichloromethane (40 ni),

b Nerave oride,(1. 0. ) S
H-NMR gg dqﬁﬁgﬂﬁpx%% mgs ézlggéd i é §|I gﬂa 3 9
ad, J %0%§f%r %b %d%?% %«f%r cBRhcéhtr afl ng® t f%%ct 5‘ 1. O
3.7 Hzhi x4 up@ (Hderddedlicedsbréss2r e, Hehe th@ehﬁHat@dma@ 16.6,
11.7 HRPUIiies-Pysgsismcanpel colum chromat ography (el usion

an .acetate, 12:1 -3 2:1) to obtain
Ms (Esﬁyéﬁﬁz ?%%& &Px#ﬂe ‘title conpound (isomer A) as a
[0560kolorless oi |y substance. [0555] 20 'H NMVR (400 MHz,

[Refer&6d 3:Gampre 4785 (3H, dd, J = 7.8, 2.2 Hz), 1.41
earpdiyl 4k e 0o d- 3- gtﬂylﬂ&&fbtgalne 3-carboxylic

acid (35qWe¥ M ¢ J = 4.6 Hz), 5.17 (1H, d, 3’5510 Hz)
[0561]7. 26-7. 38 (5H, m). [0556]

0 /L< Q
FMe \Lo, FMe Vo
* —_— *
N™ N
f )
z Z
[0562]

To a solution of tert-butyl (38)-l-benzyloxycarbonyl-4-
fluoro-3-methylpyrrolidine-3-carboxylate (iscmer A) (1.80 g, 5.33
mmol} in dichloromethane (10 mL}, trifluorcacetic acid (10 mL) was
added dropwise and, and the mixture was stirred for 2 hours. The
reaction mixture was concentrated under reduced pressure, and
saturated agqueous solution of sodium hydrogencarbonate (30 mlL} was
added to the concentrate under reduced pressure. The aqueocus
solution was washed with diethylether (50 mL), and to the agqueous
layer was added 1 mol/l 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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25 [ Reference Exanple 86] tert-Butyl

(3S)-1-benzyl oxycar bonyl - 4-f | uor o- 3- net hyl pyrrolidi ne-

3-carboxyl ate (isonmer B) [9287] FMe O ~O FMe wok "N

30 o-kPh Z 147 [0558] To a solution of tert-butyl

(3S)-4-fluoro-3-nethyl-1-[(IR)-

| - phenyl et hyl ] - pyrrolidine-3-carboxylate i soner B
filtratiohp €heSfO0%travel Wakncohebhoratet hanget3Petiiyed pressure.

The coﬁcg%&%ﬂ& Cﬁ{x%"&é’éo?%g[bgflé 1d$§1é gl Iﬂ?ﬁd a%y 2%&?@% E&Tﬁene (20

, appdrded ZEnﬂ%ErEed%@?@rPE%ﬁ%%ﬁ?rE?lﬁﬁt%h% teBBtFon
(quantnta(tuve) unflethe edicked poessuné, (ibemeeshpae amasolorless oily
substaRusified by silica gel columm chromat ography (el usion

y hexane : ethyl acetate, 20:1 -> 3:2) to obtain
[0563117 33 g (81% of the title conpound (isoner B) as 10 a
'H-NMR clalar IMiss @Ool,;stbgpancel . 40569, dAHNWR 4 ADHAHz,3.32 (1H,
£, J C:Dillr?v)ﬁzppnl 4724, ééﬁH(zls),m)l 44 {PH(18) . £ 3. 49=(4db. 3 Hz)

o=y %, 20 8 s Lo OE) o B0 (2 Mg 00 b, .
MS (ESHy)m/z: 1@0(42HM%) J = 16.6, 15 11.7 Hz), 7.22-7.38
0564](5H m. M5 (ESI) n12 360 (M+Na) . [0560] [Reference

acid (\1|‘sllorrNrZB2[ [0562] 25 To a soI utlonof tert- butyl

[0565](3S) -1 - benzyl oxycar bonyl -
fluoro-3-nethyl pyrrolidi ne- 3-carboxyl ate (isonmer A)
(1.80 g, 5.33 mmol) in dichloromethane (10 nl),
tig fluproacetic acid (40 nL) was added dropw se and,
FMean\QLé m xture wagpat i\)Lrng for 2 hours. The

Zﬁ“\ He
) )
Z Co z
[0566]

To a solution of tert-butyl (3S)-l-benzyloxycarbonyl-4-
fluoro-3-methylpyrrolidine-3-carboxylate isomer B(1.35 g, 4.00
mmol) in dichloromethane (7 mL), trifluorocacetic acid (7 mL) was
added dropwise in an ice bath, and the mixture was stirred for 2
hours. After concentrating the reaction mixture under reduced
pressure, saturated agqueous 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
aqueous layer was added 1 mol/1 hydrochloric acid to pH 2 to 3,
and the solution was extracted with chloroform (150 mL x 2). The
organic layer was dried with anhydroue sodium sulfate, and after
filtration, the filtrate was concentrated under reduced pressure.
The concentrate was azeotroplically 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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reaction m xture was concentrated under reduced

pressure, and 30 saturated aqueous sol ution of sodi um

hydrogencarbonate (30-nm.) wagg§ added to the

concentrate under reduced pressure. The aqueous

sol uti on was washed wth diethylether (50 nL), and to

t he aqueous |ayer was added 1 nol/1 hydrochloric acid
IH-NMRtp«f@M MH% 0 @D%mds tﬂiﬁnz:) m%xt_v,@r q3Mas sqg,t r3|a.<5tved(1\a&,t haa, 7 = 29.4,

oK of-Qr an ayer .was dr
110 H%thgééﬁ g}gésggghiéhfsarpgtg&ﬂéngaéf er ¥§88' 8.4k, 4.9
(1H, d@ilFrat5gn?rtﬁe2fHFfraFelﬁa§2gon§émtFa@éd7uﬁaeﬁ5H' m) .
MS (ESEpdugded py@bs{M«Na) The concentrate was azeotropically
[0568pi3tilged by adding toluene (20 ni), and dried under

reduc ressyre to obtain 1.86 g (quantitative) of
[Refer?ﬂget§§ﬁgpggn§85nd (i somer A)as a colorless oily 5
(3R) -1sBeseghosyCcfDB68Y ] -3 HNVRE (HODOKKZ2r DY 38@ippir 41 fanoro-3-

‘methylpphroliding 4:&didy B 32 (1H, t, J = 12.0 Hz),

[0569g.b/-5.85 (2Am, 4.14 (1H, t, J = 10.3 Hz),
.09-5.17 (2H, m, 5.22 (1H d, J = 43.9 Hz),
7.27-7.38 (5H, m). 10 MBS (ESI) miz: 304 (M-Na)'.

[0R64] [Reference Exanple 88]
EM 3%)-I-Benzylo*m&gr@%%%l-4-fluoro-3-nethy|pyrrolidine-
£ xylic a ~(isomer B) 15 [0565] FMe &k FMe OH
* N Z‘TTOSEE]? To a solution of tert-butyl
N3S) - 1- benzyl oxy®iar bonyl - 4-. 20
iluoro-3-nethy|pirrolidine-3-carboxy|ate i somer B(1.35
g, 4.00 mol) in dichloronethane (7 nL),
trifluoroacetic acid (7 nL) was added dropwi se in an
[0570] ce bath, and the mixture was stirred for 2 hours.
B trssDmcedt raf | (BS)t he-beneyl onyahxbonel uhadeiusedused
f - Sat u OLIS: SOl bt ] 0y S
N e g e AR T e
in acedRLERt Fat 617 Mhh | Lot haPAEDRRAL Res" MubBUS=Est &t (>0 9-
8.00 mmab) viesheadded h aih@t by enbherufsOwat) stTorefleforqliebasr.
Ammonid 8Y8E WaS BeEisted MBEd lchydresdt 0bhCmagtdréofdh! 2. 60hours,
and ths’ fﬁgiége ggluéﬁggn¥@§t§étﬂ &é%drgﬁégeﬁgﬁg£$%8£gi Water
?1%% X 27. The organrc | ayéer was arredsw
(50 mLhntgerad@ed ol uphe PRt KR af #B8F the mixture was

extracted with chloroform (100 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 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 cily
substance.

[0571]
'H-NMR (400 MHz, CDCls;)d ppm: 1.41 (3H, s), 3.40 (1H, &4, J = 12.0
Hz), 3.60-2.97 (3H, m), 5.12-5.31 (3H, m), 5.48-5.89 (2H, m},
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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30 filtration, the filtrate was concentrated under
reduced pressure. The concentrate was azeotropically
distilled by adding toluengzf20 nl), and dried under
reduced pressure to obtain 1.25 g (quantitative) of
the title compound (isonmer B)as a colorless oily
substance. 35 [0567] 149 1H NMR (400 MHz, CDC13)3

stirre8Pih 3n38if3batE) at38b7c (ddt o8, mindt29. 4aftklk QiHwing to

cool, ot BPal rbandpe( 15 a d n& d e@ érquo mL) were
added §o§§hq ggg?égéniilxégrgES§?§HE%E gegiéngg?gh%tgrred for 30
minutef0568hn[ Reéebahbe Exbingt er88}ving the insoluble content by
flltra£§5% thﬁsaéuleézﬁeéboemé §1iE95£ebahaxxﬁerQemﬁkaahngged for

uor o- yrrolldln
the Wa%%é“%kﬁ%ﬁ@ RP%%%XE fid wag e%o%%gﬁ ?8 i ?gﬁatP8H88FS
solut1@35pf|s@@hgw|bx@gggg@ﬂ§rbqnatgoK503mL and saturated aqueocus
solutlﬁﬁt6f|Qﬁﬁi@ﬁidhﬂérﬁdéaﬁboxmtbc arhel digones Yoydd . Bbs dried

with a%h%érggsnﬂgé% %iémlggﬁfgég %ﬁhlgfggg E&gtaatlon the

-carbon
flltra%%d@@S %ﬁ@c?%%rﬂ¥§@uF%dﬁﬁsr§@P??@dPF6FSﬁrﬁourThe concentrate

was puﬁmﬁnedabga51hmsabgbbledlumhochhemaéagraphynﬂEﬂuseohoby

hexane1 5 Pﬂg ?%sgﬁgeth 59|Ut' §2m@§3 dg%t $ %) of the
title CORRERRT Al SSONNT %heafn 316 LOREESSo0b1T, SUPBEReREEN
[0573Ichl orof orm (100 nL x 2). The organic |ayer was washed
TH-NMR V‘{'4Id§) ﬁ»ﬁ-fﬂ”zﬂIﬁﬁL 2?”‘381‘\/5&@0@{-&' Oﬂrozl S&gﬂ' Plﬂ?lcr@@; 'au?e— 8.8, 2.9
Hz) % I?rat?on ifhe % ? é %ﬂéBC %gén fa% §1 5 HZ)'
3.59- 3r%%u&%% phbssdir &l - The? céh%enm}at% SQaélﬁzeétrﬁprc%?ly Hz),
5.14 (ZHsts) | edl. by andj nadf ofuens2 (@D )0 Hal, dvied-2539 (5H, m).

MS Esyﬁqﬁyzreqﬁggqu$@§sure to obtain 1.80 g (quantitative)

[0574] crude product (isoner A) in the form of am de

as a colorless oily substance. [0571]
[Reference Example 90]

(3R} -1-Benzyloxycarbonyl-3- (tert-butoxycarbonylamino) -4-fluoro-3-
methylpyrrolidine (isomer B)

[0575]
o
FMe \LOH FMe  NHBoc
* e *
) h
zZ Z
[0576]

To a solution of (35)-1-benzyloxycarbonyl-4-fluoro-3-
methylpyrrolidine-3-carboxylic acid (isomer B) (1.25 g, 4.00 mmol)
in acetonitrile (40 mL), 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
chloroform (100 mL x 2)}. The organic layer was washed with
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1H NMR (400 MHz, CDC13)6 ppm 1.41 (3H, s), 3.40 (1H,
d J=12.0 30 Hz), 3.60-3.97 (3H, m, 5.12-5.31 (3H,

m, 5.48-5.89 (2H m, 7.2817.35 (5H m. [0572] To

a solution of the crude product in the formof an

amde (1.80 g, 5.33 mml) in tert-butyl alcohol (20

m), lead 35 tetraacetate (4.73 g, 10.7 mml) was
saturaaddedqua@dsthelﬁtXbur@fmaediﬁﬁ cBloriad iimoanmuil, batihdried

ien Bk AR B Bt ﬂtﬁﬂﬂ%@w%ﬁﬂfﬂe
Concen"a%;%l‘é% t ORERe FBALE ng XEUFe; tHOGRHE R E WRS
azeotrgpicaklyforsB80lladnuiels tnnlaanecézbamh) Akbér dreedvinger

reduce&hﬁré@§@f@b£§ SQQéfﬁtlbYOng'&u&ﬁﬁi@@ti@éﬁUQB £8LI EBude
soLutlLon u

product, ot thif Bhfn 208 AlCaRfad | PPaHEE ] She A0GaIGRILEY oi1y

substareg ution of sodi um hydr ogencar bonate (50 nlL) and
[o5771sat ur at ed aqueous sol ution of sodiumchloride (50 ni)

JNE a er._was Led t h,anhydr.o 3
"H-NMR | én) 2%%?%? PEMG a?té? #F?@rﬁ?.oﬁ %gh%ifb ad, J = 25.6,
10.4 H?]it?a@% 1ad® chbHEertt at 2B Anbed: rdduced=ptesdurd: 9THE) . 4.96
(1H, dcaohcenitat eHzwass plBi f2led by s))itasgel2Bpldmd = 59.6 Hz),
7.93- 70@@op§ﬁogﬁ phy (elusion by hexane : ethyl acetate,
2) to obtain 1.00 g (53% of the title
£0578}conpound (isomer A) as a colorless oily substance.
To57 FelublortHNVR R 0rude pICRTIE) Br that2fg¢gm of)an amide
(1.20 d, . dBHmsth, ih =SB bt Pl dlZdohS) 421% i) dﬁasga&ded lead
tetraacg%cf%e ?3%53.;29} %7 1%%#6 %1‘}%0 lg%}_l‘%_}gg&]ae é%% ?@}_é%ed in
an 0115pqmm(qy4sgﬁc ﬂprgg (s tha ddAfgeE §2lowipg @hg&yeactlon
mixturd .126-dod0, (&ddium hydfofdtigrimzat3754 (dFNapd. dROthylether
(20 mL[Q»ﬁgfgl a[B@;ﬁr:éZc@r%‘CtﬁleExlaér s %ﬁ&?%m:&t{tlﬁﬁb and %%en T%\}rcr?%%e was
Stlrrecﬁ T 81 GO By h G ne TH G I8P IFOSTAYE Shs5 e
removedNgy ~IOH RIS INBIBdgh rpugh rcelgyeland the filtrate and the
waghing solution of the insoluble content were combined and washed

with saturated aqueous 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.

[0579]
'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, d4d, J = 10.3, 2.5 Hz), 3.84 (1H, t, J = 10.7 Hz), 4.84
(1H, d, J = 54.4 Hz), 4.92 (1H, d, J = 56.9 Hz)}, 5.14 (2H, d4dd, 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
(isomer A) '




To a solution of (3S)-1-benzyl oxycarbonyl -4-fl uoro- 3-
nmet hyl pyrrolidi ne-3-carboxylic acid (isoner B) (1.25
g, 4.00 nmol) 30 in acetojydarile (40 nl),
1,1 -carbonyl bis-1Him dazole (973 ng, 6.00 mmol) was
added, and the m xture was stirred for 1 hour. After
bubbl i ng ammonia gas in the reaction mxture for 1.5
[o5811hours, the m xture was concentrated under reduced
pressure. Water (50 nL) was added to the concentrate,
and the solution was extracted with 35 chloroform

0 nmL x The organic | ayer was washed with 151
FM
X é%'gﬁ? at ed '%gﬂﬁﬂﬂgocsol ution of sodiumchloride (100

nL)——aﬂd-dr*e wi t h- anhydrous sodi um sul fate. After
filtration e filtrate was concentrated under
z reduced pregsure. The concentrate was azeotropically
distilled with toluene (20 nL), and dried under 5
[osgz]reduced pressure to obtain 1.20 g (quantitative) of

% %”t T ich 2 %‘%“C(%R)” f %%nzS[1®x?f 5%%?&»"1& (,\%5%‘}?&20 B)
bUtOXYWO@@@I‘G)T@ P ﬁ‘mf 11103"17 (3me tggylpyrgp l(lﬂ-’lned o ispmer A)
ng, 0.78% Gmol)0 it0.edhdnn]l J.169d.)7 Fa(=lHdddyd 13)@8@5(12Id,d1dm‘q c]arbon
catalys‘t I(F&ozlta%n%n )52 é/gﬁva(f:le?g %7 b mgﬁl %ﬂ'dz ﬂe?ﬁ'élon was
stirreq foraP TRRLE 96l BOKIRIGE G Aies &ctﬁ?ﬁgthtefﬂz?wg the
10 catalysdf ban fdditdetith,( the0 fg 140 mesl cdneandmatiag ynder
reducedalgﬁ@@@ur@l%omebtm@ addechd eadaetgmack! atreide3 i dbt

compoun%i 1some§)0 é and L hﬁour )gl’légst%evt\@:%]nl%t | r:.le% héé/ruzbacs&ﬂstance

f 61 r
[0583]n1xture to cool, sodlunthydrogencarbonate (4 g) and
‘H-NMR @hebhyhet hepc1{)20 pgpw): wereszadded t(azthem)eagtioen (1H, 4d, J
15 = 13. 4'“?“%“#?) a@ﬂéE:ecﬁlXQPVQIW@31?Q4Sﬁ£fr99 ) @BH'Cdeabh 13.4,

(o1

our e i.nsol ubl e content was __renoved
4.6 Hz)ﬁlﬁt A2t i (3Rt Afouth =cérfi-fe, “afd e #lﬁ@raﬁelaﬁﬁ'tﬁe16 (1H,
d, J = Washi Bg)sol ution of the insoluble content were
Mg (ESTGORpiznedzand (mashed w th saturated aqueous sol ution
[0584]of sodi um hydr ogencar bonate (50 nL) and saturated
aqueous sol ution of sodiumchloride (50 nL). The 25
20 [Referepcgafr@mPafef2has dried with anhydrous magnesi um
(3R) - 3 -Stefrateutangchi®ongytbwd ib ) was flemrved -y tdivdtovirratliiehi ne
(1somerquer reduced pressure. The residue was purified by
i ca gel columm chronmat ography (elusion wth hexane
[0585]. ethyI acetate, 20:1 -* 3:2) to obtain 1.03 g (7306)
of the title conpound (isonmer B) as a colorless oily

subst ance.
Ffe, (NHBoc FMe, NHBoc
* —_— Y\
Y N
Z

25
[0586]

To a solution of (3R)-1-benzyloxycarbonyl-3-(tert-
butoxycarbonylamino) -4-fluoro-3-methylpyrrolidine (isomer B) (304
mg, 0.863 mmol) in ethanol (12 mlL} 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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30 [0579] 1H NMR (400 MHz, CDC13)8 ppm 1.42 (3H, dd,
J=4.4, 1.2 Hz), 1.44-1.45 (9H, n), 3.42 (1H t, J =
11.2 Hz), 3.62-3.71 (1H mgzg 3.76 (1H dd, J = 10.3,
2.5 Hz), 3.84 (1H, t, J =10.7 Hz), 4.84 (1H, d, J =
54.4 Hz), 4.92 (1H, d, J = 56.9 Hz), 5.14 (2H, dd, J =
35 15.3, 13.1 Hz), 7.26-7.52 (5H, nm). M8 (ESI) m z:
reduced7brédkhiae+tol 6688in |&efmsensesExanptre9dtude target

conpouk I 3okiey Bbomicor enuLam et Syshuhinice

[05871 N [0582] 5 To a solution of
H-NMR (@R)6 Mienzypaidey dappanylt At &3, 4, J = 1.7 Hz), 1.45 (9H,
s), 3.Dbytexysarbgnyham @01943f2!su@m Smreti?yépyrtml 'édineJ = 13.7,

4.4 Hz fMa %%eﬁhioﬁéal ‘F‘gdl gﬂg 12I%iﬁt a?t Q? (gi%gtl% m_ng

MS (ESER.BEgwatdr9 R 'ny), and the suspension was stirred
[osggfor 2 hours in hydrogen gas atnosphere. After renoving
[Exampige 40 catalyst by filtration, the filtrate was

conce trat edfunder reduced preSSJre to obt a| n 156 rrgl
) g e LAl &+ -

7-1(3
[ (1R, 2 S)o+ D+ f EBGr®f aﬂsyaal@pu-oml hps smné)‘shamzel 4 f@ﬁﬂﬁrdm AVR

oxoqulﬁéighé&§+c£¥53§}§1@p£@1é 43-1.44 (12H m, 3.06 (1H
I5 =134, 1.7 +Hz), 3.13 (1H, d, J = 13.4 Hz),

(058913 3, (1H, dd, J = 13.4, 4.6 Hz), 3.42 (1H, dd, J =
13.4, 4.6 Hz), 4.58 (1H, s), 516(1H d, J =537
Hz). M5 (ESI) nmlz: 219 (M+H)" [0584] 20 [Reference
Example 921 o 0

FMe(N]’;, ¢c3-ert-Blito g,fbonylamno) 4-11
ToIB%dl ne FONE éé? [F0585] FMe NHBoc F

—
N F F—¢ N
H OMe E - OMe F

[0590]

{(3R) -3- {tert-butoxycarbonylamino) -4-fluoro-3-
methylpyrrolidine isomer A(156 mg, 0.713 mmol), 6,7-difluocro-1-
[(1R,28) -2-flucro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-
oxogquinoline-3-carboxylic acid - difluorcboron complex (278 mg,
0.769 mmol}, and triethylamine (0.129 mL, 0.923 mmol) were added
to dimethyl sulfoxide (2 mL})and the mixture was stirred in an oil
bath at 35°C for 19 hours. After concentrating the mixture, a
mixed solution 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 reactiocn mixture
was concentrated under reduced pressure, and the concentrate was
dissolved in ethyl acetate (100 mL x 2). The solution was washed
with 10% aquecus solution of citric acid (100 mL}, water (100 mL x
3), and saturated agueous sclution 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
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25 [0586] To a solution of

(3R) - 1- benzyl oxycar bonyl - 3-(tert-

but oxycar bonyl am no) - 4-f | uggg- 3- net hyl pyrrol i di ne

(isomer B) (304 ng, 0.863 nmmol) in ethanol (12 nl)

was added 10% pal | adi um carbon 30 catal yst (containing

52.8% water, 30.0 ng), and the suspension was stirred
stirrefioat2rbonr sempehyduogefogascainimaphler e. THé t esadeimyimixture

was wagﬂgd 9§£ﬁl¥gﬁogéfgk%t%fBbO§L &hg)f'BhHaES Las a ueouszlayer

centra uce sure
was adﬂﬁd(é?OToéﬁltﬁ@uéPHaeSPéPEéPn 85nﬁ8§ﬁ8m(F¥§ﬁﬁFl § 5e BH 12
in an tokobhths &ndnkpdrenhlosycupcsdbwbanedded| 068&fjubit NVRe pH

to 7. 4(4%%1%@%@%tﬂaé&c{ 3HtHW, e GrdfdrdiZ)isd D x 3),
and th% Prgaalc)laYTg Vas i Qegtyglﬁ 3%%¥igpuadgo§igm5gu§fa%e
After glgtFleon, gh@1ﬁplg;atgew@gsppnﬁﬁgtrglgd(N@@§r reduced
pressulb@p88hd[ Exanpbacdbtrdfe was purified by recrystallization
from e%%%lggﬂ - 3 %sﬁiﬂ&%&é'mml@g%ﬁéﬂ{ Nigls %é ) ﬁ_‘;f%l) of
the tiplgrcompovnd| (Eren 1g9eesphopdl FubshibneRy- at g hydPe 7) as
a pale- ﬁelbamqpbndérne-3-carboxy|ic acid [0589] 0 QO ::~;,

[0591]F NHBoc F COOBFZ F: COON N F L F H OM O\eLF e F

HzN 15 [0590]
mp : 1?%%%6%3c(tert but oxycar bonyl ani no) - 4- f | uor o- 3-

'H-NMR nigdty IMHa r o i1 i dmdmppmA( 1563A8y,(38, 783 dnmel 2,5 Hz), 1.40-

1.48 ﬁH? d) fluose=1:62 (1H, m), 3.44 lH d, J = 10.3 Hz), 3.59

<1§0&§23 2561 yog -y cYg! 0pr obyL] ¢ Bgmey froxy- 1 ggﬁhy&ao 7

oxoqul n car oxy |1 C CI d
40.0. t3npl Bz (2?88394 80. 169 nfob) 5-8A”d P%ﬁef%&léhrné . 4.7 Hz),
7.69 (18, 129 Mls D4 923uznpl §. 4kr e1Aaddéd Jte 2iseEhyl

ElemenS&{ OXh&eyv & 2s "B ANE, LD FL X1 ¥roswes  stirred in an ol
Calculated: C, 54.87; H, 4.97; F, 13.70; N, 10.10.

Found: ¢, 54.71; H, 4.%98; F, 13.54; N, 10.09.
IR (ATR)v: 3386, 2972, 2881, 1722, 1le24, 1518, 1452, 1373, 1325,
1279, 1223, 11%0, 1149, 1122 cm™

[0592]

[Example 28]
7-[(3R) -3-Amino-4-fluoro-3-methylpyrrolidin-1-yl] -6-fluoro-1-
[(1R,28)-2-fluoro-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoguinoline-3-carboxylic acid

[0593]
0 -0 |
FMe NHBoc F COOBF, F COOH
= + I . |
N F F—¢ N
H ome A F — oM A ¢
- HN *
[0594]

(3R) -3- (tert-butoxycarbonylamino} -4-fluoro-3-
methylpyrrolidine isomer B(182 mg, 0.833 mmol), 6,7-difluocro-1-
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40

bath at 35C for 19 hours. After concentrating the

m xture, a mxed solution of ethanol and water
(ethanol : water, 9:1) (60g8-) 25 and triethylam ne (2
m.) were added to the concentrate, and the m xture
was heated under ref lux for 2 hours. The reaction

m xture was concentrated under reduced pressure, and

[ (1R, 2S)hezmnmmﬂ1atcg/m@r jvslsiol aregk iHb:at -y, 4 -atiedyat e (4100

Oxoqulrmjl e|2—2)3n Hl% r| c acl g@s \I%L%%%rdﬁagbr}%/d@ Lé%(pu(sslo:L md
0.863 rr3’)Ol)ancfi ttlﬁlﬁ laqiatus(Goiddk iBh of- %40 Jc S de
dissolyelDAmidimetFhel crudin:cideayer m/IHS drricedhe i xemnined veus

stlrrechqi ) %i}f %aet:h %ﬂ:d @E;Zé[iu t h@hkgn Af‘@e% J:&ﬁ@éﬁtratlng

trated
the mifene e ne s ?m%w%ﬁ%$%W%

water, doild ((B® mD) iandartnicd Haiemingnd 3 md)nivwang eddies, 150 the
mixtureShidd edaaled apiadepRaalured o hidE nures. rEetion mixture

was C OI{ZE)%%CH:IJ a&%dnl{ﬁ’]dérre re\g%libs \Qf?}%% S\M Iteh %.E'Jéf) g:q’%g rC[BI‘fC]ﬁQ'g: Ilg‘t g( was

dissolvggly ééh§téb11utaic@r¥ad?e s@tﬂ%r‘ﬁlh)?ﬂ@dm d&d &h5H splufipmyyas
washed iwdechbato, aanckdwsdrsadhitardre cefcicd twas added (1@ Gdjlust water

(100m x”é‘% JPE ts%ttzn%te-ﬁ‘% Jid MBS EXIRERA WM tdhioride (100

or of orm ani c | aye

mL) . THE| GROGRLR LAKGH! 508 SbAranTehhs angviTRpSepotTin Bhlfate,
and aftfem thidttirert i arhe thid thidite avss woen comaeatad ipfdamder reduced

pressureedughd ﬁ@h@éﬁdkate?\ﬂﬁst hessenceat iat @owaén}watéaed by
ecr.yst tl .0 t.ha e [
hydroch&_orl(yf eth cio %i%) %qf(ti@%t wals/ . ta;Lrsre\QP

tai n 5 ng e Cco

tempera(tf.lrr@mfpgoﬁ@r “A“é’ft%bs? ?uéﬁﬁc'éf-oﬁongcFBﬁe?)"aﬁE}Edanth
chlorofjpaie (Melol ou pcowder aﬂ&%l]thmquhﬁﬁrslﬁ&@erlh#a%dm 10
mol/l & ou: :lelH 50 i (1H ip]@ 1) in1af0ice bath,
and hydfRosIE 3 dé;led $%she %9(9 C%I%O“n‘) S abinsk e b
to 7.4 (1’Ehen§;ol*4ti_gn(wa|s aatracted4glgh gglglgrﬂiprm4 8504mB7x 3)
and thel i}a&‘@lc Sa§Rr( Wds ddhiedl wikh Antddi-dds) sodh e sulltate.

jwl

recer Sl D GBS ol Ll miark.

Pressur§4 8 he H:oacglztrﬁte1§a$opumf19dlby reggrgtaglizatien from
ethanolH, aédQ&herr@%tﬁAs MerE0 dd9.ed RNEAFRreduEE0 praEéire to
obtain %87%1m917%%& 1@%4th%5%§t1%4%%mp%%% éif%%% 15%%179% Bl 243,
substltue%ot a:'ll:lé%sﬁzl%% L:topa%_ yeﬁ.lLJ wder

[0595]
mp: 206-208°C.
'H-NMR (400 MHz, 0.1N NaoOD)® ppm: 1.29 (3H, br s), 1.57-1.74 (2H,
m), 3.37 (1H, d, J = 9.8 Hz), 3.56-3.67 {(1H, m), 3.60 (3H, s8),
3.83 (1H, d, J = 10.0 Hz), 4.08‘(1H, g, J = 6.3 Hz), 4.34 (1H, dgd,
J = 43.3, 13.1 Hz}, 4.77-4.84 {(1H, m), 4.93 (1H, ddd, J = 52.7,
10.0, 3.2 Hz), 7.68 (1H, d, J = 14.5 Hz), 8.50 (1H, s).
Elementary analysis for CisHzoFaN;3O4: :

Calculated: C, 55.47; H, 4.90; F, 13.85; N, 10.21.

Found: €, 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 em™t '

[059¢6]



10

15

20

25

30

35

7-[ (3R) - 3- Ami no- 4-f |l uoro-3-net hyl pyrrolidin-1-yl]-6-fl
uor o- | -
[ (1R 2S)-2-fluoro-1-cyclopjggy!]-8-nethoxy-1,4-di hydro
-4- oxoqui nol i ne-3-carboxylic acid [0593] 30 0 O FMe
NHBCC F PCOOBF2 F COON F HOw F Ow F L/ HzN
[0594] (3R)-3-(tert-butoxycarbonyl am no)-4-fl uoro- 3-
[ExampD®t byl pyrrolidine isomer B(182 ng, 0.833 nmol),
7-1{ 3?7-35&&L&£r¥ %1&5@5 3-meth lgyxxolgdlne 1-y11-6-fluoro-1-

TN Z9)~ 2~ IIuUI O=T=CyCTroOopru ITet1 al 1Ty dr o

[ (1R, 25 n=2 n%mmnl I ARCRORREPBL T 8 pm%ﬁh}ql 14¢ rd,{hyamr 4n

oxoqulnohbhex3(aaﬁbugyllﬁ 863dmmol ), and triethylam ne
[o597(0.144 nL, 1.04 mol) were dissolved in dinethyl
sulfoxide (2 nmL), and the m xture was 5 stirred in an
oil bath at 35C for 19 hours. After concentrating the
m xture, a mxed solution of ethanol and water
- (et hanol ter, 9: 1) (60 L) andgtrietfyl ne (3
e -ﬁ?‘ﬁ?"cwer': @BEne’ mixture was I:h £d ) %gaél-rl r((af

| ux for . The Feae%1on n}x
N concent'ratlked Yunder reduced pressu )
10 di ssol ved inygfayl ac e (100 nL

concentrate
x 2), and the solution was washéd mnth 10% agueous
solution of citric acid (100 nL), water (100m x 3),
[0598]3hd sat ur at ed aqueous sol ution of sodiumchloride (100
f35). - Ihéter gami ot ayarborgl aniee) wt hlaehyd? ous sodi um

methylﬁﬁff@ifdl?@nﬂs@%éﬁrAfgi@fa&gonl ghemhdl ) | ak e7v@Sfluoro-1-

e rate un reauc ure

(1R, 2%82%eﬁira¥o Was’ o %%r?%%fﬂ &5 c%%@ f {é% %bﬁydro -
oxoqunhcych%%h?b waﬂéb%wdl? 1@ hE) S %h@lw%olﬁmx%r%om%%t ($F&dmg.
1.21 midl)y poamd tenpetlaylumeifor (0202 nul. es1 . IhemmebLtwene dissolved

in sul%ﬁ%ﬁ'& egﬁ‘@%ﬁ‘fdﬂ“ 55.111] offdﬁdégltl 1%15“ £§£§)I ci( t@e r}fjcuﬁéor}nras

ous UGOUS SO

S a
stirredstQp it IR oxi A 108 LG A & mixed
solutidydoHedtlornel axndl waiseradtethamot he %@t@lloﬁ tb é@?u@b and

trlethﬁiémiﬁé to ﬂiﬂ-wgﬁﬁ é&&é&lﬂﬂdw?é exhéast g th an oil bath
an

hl or of X . r anlc | ayer
2t 90°C Al i AR 06 e o S0 D A¥ER
concent R ing i Uit ¥PRCEIPR rrm%t%% ‘é%‘?i@énjf?%‘ﬂ‘é%duﬁﬁ%?“re' the
residud educ edi spsbssdirtn ditileyToncenitat e2nasmbuxit) eday the

solutid B HhYStRLl i@t 0th F1 @M aqueous solution of citric acid (100
mL), water (100 mL x 3), and saturated agqueous sclution of sodium
chloride (100 mL). The organic layer was dried with anhydrous
sodium sulfate, and after filtration, the filtrate 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 wasg dissolved in hydrochloric
acid (20 mlL), and the solution wag 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 mL 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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25 ethanol, and the crystals were dried under reduced

pressure to obtain 176 ng (51% of the title conpound

(fromisomer B of substitygnt at position 7) as a

pal e yel |l ow powder. [0595] np: 206-208C. 30 'H NWR

(400 MHz, 0.1N NaOD)8 ppm 1.29 (3H, br s), 1.57-1.74

(2H m, 3.37 (1H, d, J = 9.8 Hz), 3.56-3.67 (1H m,
purifiSd 60y (Bébrestal Bi 83t {dhdl, fdomJethdfoD, Hand #h&8ctitsballs were

dried &ndé@ §%5gg p§ sé&f%s § on% 4§833 &% %th)%f th Eltle

compou@ﬁ) f§0%81 qm@r gf _syks gl ?HtSa%OP?ﬁ¥Fl%§ 7é5as a ‘pale
vellowBbewdat ary anal yS|s for Cl9H2OF3N304: Cal cul ated: C,
[0599]55 47 H 4.90; F, 13.85; N, 10.21. Found: C, 55.29;
. F, 13.99; N, 10.33. IR (ATR)v: 3373, 3300,
mp : 21%?417 §979 2881, 2837, 1709, 1620, 1510, 1435, 1378,
'H-NMR 1338, ME%1.3,0 ﬂlBQEKIB§5ppml861 2030.3m 11HAOM] 05263 715%58H, 4,
= 2.1EBxanple. 2441.67 (1H, m), 2.51 (3H, s), 3.17 (1H, 4, J = 9.8
)34H§$%ﬁw0@wwﬁ%%WWW%%w g; 15vL118:8 wa),

4.05-4 7% RIPE) B £ 140t D- (1Ry Fdr opyT148-Prethyt 21, 3-8 Bhr o - 80-
4,85 (14H oquwrmllhﬁ-ls @&t boXy+ i €7 akj d954[0‘599]HﬂD7F'N@3 (1H, 4,
I - T B e by am bl 4 {1 Uor o- 3+ 10
-(1er OX yl a uor o-
Elememf-ﬁsf% 'b%h%}% e %ﬁn@p B @"93% 1,82 mmol )
Calcuaa-,te@ﬂgor@m 81; H, 5.30; N, 10.28.
Found[a;(la 26%- Qirlupr@ bgg:yénl omoogml] 8- net hlyl -1, 4-di hydr o-
- 0X i, noLi r.bo |c i.f1u or
(o B8 g 0B “259 ey 3§a§:teﬁ thyﬁa%?ne%%89zo&5°8
1456, 142 '1 LB mot 36 herk2if ssbt9d 1146 s‘EﬂlfoI ane (2 nm.) in
foeo0lan oil bath at 35C, and the m xture was 15 stirred for

[Refergrﬁfle @gg“?pleAfgﬂr concentrating the mxture, a m xed
sol._ut of anol and vvablerx ef hapol : water, 9:1)

[0601]\/\/as stlrred for 30 m nut es After

Hk-—aﬁ

Ph Ph

[0602]

To a scolution of tert-butyl 5-oxo-1-[{1R)-1-
phenylethyl]pyrrolidine—B—carboxylate (4.00 g, 13.8 mmol) 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 mixture was stirred at the same
temperature for 30 minutes. To the reaction mixture, 10% aqueous
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 laver was washed with water (100 mL x 2) and saturated
agqueous solution of sodium chloride (100 mL), and dried with
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concentrating the reaction m xture under reduced

pressure, the 20 residue was dissolved in ethyl

acetate (200 nL x 2), and {4 solution was washed

wi th 10% aqueous solution of citric acid (100 nL),

water (100 nL x 3), and saturated aqueous sol ution of

sodium chloride (100 nL). The organic |ayer was dried
anhydromMd saniydralsatsodi nmcewl take fiandagfiver, fthkt Falicadte was

I At
concengﬁgtsédur%{ﬁﬁﬁe%%%ﬁf % | Péﬁg% {gﬂ:ﬁﬁéj was purified.

by Slllscia} 95 é‘é% Wt (FhE O Eépfﬁ/l‘{%ll%u ane ¢ ethyl
acetateghlmrof-or m: 4fretbabbltai491103* g9 Tife thes rtdlii&eV\/a!S)mpound
as a wHirss@laied in hydrochloric aC|d (20 m), and the
[0603}solut|on was stirred at roomtenperature for 30
m nutes, and the washed with chloroform (100 nL x 5) .
IH-NMR TéO0DhMH3Q anaéous ayer 1.36 nfoH,| saquéods SGEHUt idon Jof= 7.3
Hz), 2.s@diumhyroxi-de mwas Hzadded 910 @k, 12d,n B its by Hz)

d hydrac I ci

2.78 ]%p4d1T%{e Sgﬁtlg{nﬁm% ‘ex lrag_lfj givmth %ﬁ#?ﬁﬁ% (3tl9go (18, d,

= 109 Hels) 3-&dd e &ani ¢ ldyer wad dfdled Wwith | (ln, dd, 7 -
11.2, Sarhydnqus . sdodiiam syl fate.7 Af trer) t e Xddt o | @H, tmhe
MS (Esrf'hUEﬁte3E@S (Fpugoncentrated under reduced pressure,

t he concentrate was 157 purified by

[0604]recrystall|zat|on fromethanol, and the crystals were

[Referegicice @xamipdre 1%dduced pressure to obtain 28.3 ng (61) of

tert-Bultha t(isl) es-qqm&ttn%dt&uomdl&@r&fym Qfi 1subsiit lﬁﬁi’ﬂhyﬂ_t} 5-0X0-

[ (1R) DI3EEA01 Ch 31 3R 1 Mpie W TS
[06051(1H n) 1.37 (3H d, J =27 Hz), 1.54-1.67 (1H, m,
2.51 (3H, s), 3.17 (1H, d, J = 9.8 Hz), 3.47 (1H dd,
J =29.0, 12.6 Hz), 3.86 (1H, d, J = 10.0 Hz), 10

4.08:4.12 (1H, n), 4.30 (1H, ., J = 40.0, 13.2, 3.2
,04.80- 4.85 (1H, m), 5.0KiT*H, ddd, J = 67.8, 9.4,
@4Hz) 7.70 (1H, d, J ¥414.0 Hz), 8.45 (1H, d, J =

O

0 4 -~ El errentrary anal LQ’fo C19H20F3N303' 0. 75H20:
fgchulated C, 55.81;4 . 30;+«N, 10.28. 15 Found: C
81; H, 4.89; N, 10.14N IR (ATR)v: 3394, 3097, 2970,

2941, 2870, 1726, 1618, 9, 1508, 1456, 1425, 1319,

1267, 1225, 1190, 1146 cm 1. [0600] [Reference
[0606]Exanple 93] 20 tert-Butyl

gss)solu¥gggx%¥e% %t_gugyg %BES hydroxymethyl 5-oxo-1-

[{1R) -1-phenylethyl]lpyrrolidine-3-carboxylate (8.23 g, 25.8 mmol)
and imidazole (2.63 g, 38.7 mmol) in N,N-dimethylformamide (150
mL), tert-butyl dimethylsilyl chloride (4.66 g, 31.0 mmol} was
added in an ice bath, and the mixture was stirred at room
temperature for 4 hours. To the reaction mixture, saturated
agqueous scolution of ammonium chloride (300 ml) was added in an ice
bath, and the mixture was extracted with diethylether (300 mL x 2).
The organic layer was washed with water (300 mL x 2) and saturated
aqueous 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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phenylethyl] pyrrolidine- 3-carboxylate [0601] 0 kQO
.. CNDN .-~ Ph e_~Ph 25 [0602] To a solution of
tert butyl 5-oxo-1-[(1R)- 1159
phenyl et hyl ] pyrrolidi ne-3-carboxylate (4.00 g, 13.8
nmmol) in N, N dinethylformamde (40 nli),
par af or mal dehyde (0.830 g, 27.7 mml) and sodi um
acetat8ydipde (0.1600 o 22Rdith 0ilas 8. B71%PIof Weiee warded @mpound

ag a c?goffgggtggpﬁp Ean@ d the mixture was stirred at

erature for 30 nminutes. To the reaction
[0607kyi xture, 10% aqueous solution of citric acid (150 nl)
H-NMR Weso @ddes], i cpel)iscepmat hp . aed (BHe =90l wt.ioen (885 =), 0.88 (9H,
s), 1. §§tqggteg)mn1h5fthyﬁ a&et@te £390u0}, X220y The, 0fgapic 17.1

hed 0 2) _and_saturate
Hz) , 23?{ Hgg |ut3r%”n§hlfI # g?lgL da’ (100 ?ng'_ PLEhS 5z
3.68 (aﬁle@dmﬁih=15% 4anﬁy@r@@k s@d&%nﬂéﬂlfqteJ Af?el HAk, 7.25-
7.35 (fm)twmpation, the filtrate was concentrated under
[0608feduced pressure, and the residue was purified. by
silica gel colunn chromat ogr aphy (el usion by hexane :
[Refereneg | Exgpel®te5]1 7:3 -* 1:4) to obtain 1.03 g (23% of
tert-Bitwel t (3$)e- Tohpoemid-bbt vl &dishetleysbl £ 101y 66PB] me ikl NVRS -
3) 1dtByL Hr8) idin@33 (BEhblxyYate

[060917 g 5.4 Hz), 2.78 (1H, d, J = 17.1 Hz), 3.21 (1H, d,
'J =10.3 Hz), 3.39 (iH d, 10 J = 10.5 Hz), 3.61 (1H,
dd, J = 11.2, 78Hz) 3.77 (1H, dd, J = 11.2, 5.4

Hz) , 545 (1H = 7. 2+t) -7 37 (5H, m. M
(ESI)(y 320 (N%FD 604] e erence Exanpl e 94]
15 yerd- Butyl (39S) - {[tﬁét- (di met hyl) silyl oxyl
gz+%w }-5-oxo-— "
fo) 1R9- phenylethyl]pyj dmheés car boxyl ate
[ 0605] OMN 0-~ Se
Ph
[0610]

To a solution of tert-butyl (38)-3-{[tert-butyl (dimethyl)
silyloxy] methyl}-5-oxo-1-[(1R)-1-phenylethyl]lpyrrolidine-3-
carboxylate (8.65 g, 19.9 mmol) and iodomethane {(1.37 mL, 21.9
mmol) in tetrahydrofuran (173 mL), lithium bistrimethylsilyl amide
(21.9 mL, 21.9 mmol, 1M solution in tetrahydrofuran) was added in
an lce bath, and the mixture was stirred at the same temperature
for 30 minutes. To the reaction mixture, saturated aqueous
solution 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 agueous 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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N O-L Ph Ph 20 [0606] To a solution of tert-butyl

(35) - 3- hydr oxynet hyl - 5- oxo- 1-

[ (1R) - 1- phenyl et hyl ] pyrrol ighne- 3-carboxyl ate (8.23 g,

25.8 mmol) and imdazole (2.63 g, 38.7 mmol) in

N, N-di net hyl formam de (150 nl), tert-butyl

dinmethylsilyl chloride (4.66 g, 31.0 mmol) was 25
'H-NMR afdes vz AncheE; Rtdbm and oe (Xt whe wasestin eyt 0.88 (9H,
s), 1.580Mut egperaLusesfgy) & Rougs(ofo Le feastion 4, g = 7.1

m xtUr &, “Sat ur at ed aggeous sol uti on’ of_ ammoni im

Hz) . 2cRlodilHe @309 ALY -#a&Zdddéd 2°h @it & bt hO0 ahdithe 3-39 (1H,
d, J =nlgtBrBzhas3eX0r 4tHedddi th di et ayl et beHz|{308.AB X1H).d4, J =
9.5 HzThSSQﬁ?aWiﬁ,g%Efﬁ Eﬁﬁ.@ﬁﬁgﬁf ?1&@-%?§@r 6800y ; X_g)

atur at e aqueous sol ution of sodium chloride
MS (Esﬁgoﬁiﬁt)fﬁ%%d( 3ped with anhydrous magnesium sul f ate.
[0612after filtration, the filtrate was concentrated under
[ReferéfddCegampessysp, and the residue was purified by

) oar:

tert-Bity 9¢l 5 el 40D, GhLomBs ogr aphy. { ek usi.gn, by (hgxane
C v C C N N O 460
henyl 1) ppFrehad - 2tés a colorless oily

[0613kubstance. [0607] 1H NWR (400 WMHz, CDC13)S ppm 0.05
(3H, s), 0.06 (3H, s), 0.88 (9H, 5 s), 1.35 (9H, s),

1.51 (3H, d, J = 7.1 Hz), 2.47 (1H d, J = 17.1 Hz),
2.77 (1H_d, J = 17.3 Hz), 3.28 (2H dd, J = 26.7,
10. 1 ~ 3.68 (2H ,dd, JOH 14.4, 9.5 Hz), 5.49 (1H,
q, J=7.1 Hz), 7.25-"R. 3 H m). [0608] 10

Mer'R f erence Exanple 95 temfcﬁugyl (3S)-3-{[tert-butyl
i {)hg ) silyl oxy] OfeNTyI }-4
hyT’- 5; oxo- 1-[ (1R) - 1- phenyl et hyl ] pyrrol i di ne- 3- car bo
xylate [0609] | (Y \PhP4  ekPh -'~Ph 15 [0610]
oFh solution of tert-butyl (3S)-3-{[tert-butyl
0614(dinethyl) si |yl oxy]
[0614)et hyl } - 5- ox0- 1-[ (1R) - 1- phenyl et hyl ] pyrr ol i di ne- 3-

Tertboxytat eIV, 65 § tawt Sowrpl ) (Ghme tladbhes hiyvkoxd] vethyl} -
4-methyl-52dxP-1- [ (1IR) -1-phenylethyl]lpyrrolidine-3-carboxylate
(3.72 g, 8.31 mmol) was dissolved in tetrahydrofuran (70 mL}, and
tetrabutylammonium fluoride (12.5 mL, 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 aqueous 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 obtain 1.87 g (67%) of the title compound
as a white solid.

[0615]
'"H-NMR (400 MHz, CDCl;)8 ppm:
s), 1.52 (3H, d, J = 7.1 Hz),
19.0, 10.5 Hz), 3.57 (1H, dd,
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 (1H, dd, J =
7.2 Hz), 7.27-7.36 (5H, m).

LSTRE VI
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20 mmol ) in tetrahydrofuran (173 nL), lithium
bistrimethylsilyl amde (21.9 niL, 21.9 mmol, 1M
solution in tetrahydrofuragyiwas added in an ice
bath, and the mi xture was stirred at the sane
tenperature for 30 mnutes. To the reaction m xture,
sat urated aqueous sol ution of ammoni um chl ori de (300
MS (EsSDL)myes apbed(mand.the m xture 25 was extracted with
[0616Fthyl acetate (300 nL x 2). The organic |ayer was
shed with saturated aqueous sol ution of sodi um
[ReferﬁﬂF%rﬁﬁﬁm?%%O97ﬁL and dried with anhydrous sodi um
tert—BsUYlaKéR)A@téluoheméthy1a4+mathylhé -pxbtiafl €1RASl-

Ehenzléggg@g$29£§ﬁlaﬂ§§r3rsgyssgzpagésure and the residue
url y Sili umm chr omat ogr aphy

0617](elu3|on 30 by hexane : ethyl acetate, 7:1 -* 1:1) to
obtain 3.72 g (42% of +the title conpound (single
conmpgnent) as a colorless oily substance. [0611] 160

ve H (400 MHz, CDC{2)3 pbg 0.05 (3H, s), 0.06 (3H,
.88 (9H, s), 1. 34 d, J = 7.3 Hz), 1.38 (9H,
(3H_d, J = z7/1 31 (1H, q, J =7.4

(1H, d, JE I3 Fz)\ 3.39 (1H, d, J = 10.3
1

350(1Hde 4, 6.0 Hz), 3.83 (1H, d, J =
yi)sf’ 5.47 (1H, q/g\f"‘-72l—|z) 7.24-7.36 (5H,

. NB (ESI) mz: 448 (MtH)'. [0612] [Reference
[0618]Exanpl e 96] tert-Butyl
1S9 -Bu hrads Myﬁ@&@eﬂhﬂlﬁ)oﬁo 10[ (1Rr)

oneny1 VP GBS ﬁ%é%%ﬁ?%ﬁ@@xg% s |

dlSSOlY%ﬁ»l@ ?{@%%@erRE@aQ%I S,(y| n toluene
(20 mL¥-wees hyddéd poxamd - c@iel‘ﬂ)y:ﬂarmtmsfdlbfﬂwl ﬁpyfl@d:rﬂd@e{B €&rmL,

12.8 mRXyl @€ a&@ec??dﬂ%%v@l%- k) ves @Wiesol veddM stirring at

t et rahydrofuran ( , and tetrabutyl ammoni um

6“0fwh%ﬁ%%%lﬁ@%@“¥@W@%¥éﬁhﬁ%WﬂﬁSmhmn
hydrogercaaihgrried ulzh, iR B emaddedaso adae dreropwe enlntane, and

the mittGerdabds Jﬂerae&éﬂmwr@cma:s Stetdes atod her.san®) . The
organlé(%g§%fuﬁg§a&éghédrwugh égéﬁ¥ated aqueous solution of sodium
chloride (100 mL), and dried with anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure.
The concentrate was then purified by silica gel column
chromatography (solution by hexane : ethyl acetate, 9:1 — 2:3) to
obtain 0.910 mg (53%) of the title compound as a pale yellow oily
substance.

[0619]
H-NMR (400 MHz, CDCl;)d ppm: 1.17 (3H, 4, J = 7.6 Hz), 1.37 (9H,
d, J=20.5 Hz}), 1.54 (34, d, J = 7.1 Hz), 2.35-2.42 (1H, m), 3.37
(2, t, J = 12.1 Hz), 4.33 (1H, dd, J = 46.9, 9.2 Hz), 4.65 (1H,
dd, J = 46.8, 9.1 Hz), 5.48 (1H, g, J = 7.2 Hz), 7.25-7.37 (5H,
m)} .MS (ESI) m/z: 336 (M+H)".

[0620]

[Reference Example 98]

{3R) -3-Fluoromethyl-4-methyl-5-oxo-1-[(1R)-1-
phenylethyl]lpyrrolidine-3-carboxylic acid

[0621]




10

15

20

25

30

concentrating the m xture, saturated aqueous sol ution
of ammonium chloride (200 nL) was added, and the
m xture was extracted withjgethyl acetate (200 nmL x
2). The organic |ayer was washed with saturated
aqueous sol ution of sodiumchloride (100 nL), and
dried 25 wth anhydrous sodiumsulfate. After
filtration, the filtrate was concentrated under
reduced pressure. The concentrate was purified by
si-Lgca gel columm chromat ography (el usion by hexane :

Meeh% acetate = 3:1 Me 112)0to obtain 1.87 g (67% of

titke conpound as id.

Oi > CDCI3)™6 p g,lsot'sH, d J =7.6 H), 1.32
9H, s), 1.52 (3H, d, J 7.1 Hz), 2.43-2.49 (2H, m,
0 (2H, dd, J = 19.0,’1\1:@.5 Hz), 3.57 (1H, dd, J =
11.1, 6.7 Hz), 3.89 (1H, dd, J = 110 5.9 Hz), 5.48

[0622](1H q, J = 7.2 Hz), 7.27-7.36 (5H, . 161 WMs (ESI)

AP %%ﬂuéll\@i{_bof 4&69'@111:3;1Re{ﬁ er‘scefﬁi@f%eet@f' 4-methyl-5-

oxo-1- { GF). 3L TORRPEHRTA LoriRa Hyline ckeachprriate 910 mg, 2.71
mmol) johehidleldwdrienharcd | F me-)3- ClarbeySbJataazétOﬁi@cﬂ-l ® k) was
added ﬁ‘é\fﬁuﬁe % QLN ke “bé‘ﬂ\ﬂl Otynd e -miBurd Q8] sdOrred at room

tempera( Tetls S%qud?i’ W hyﬁfE%Fﬁﬁceglt&%:lln_g[ (:P@ rfactlon mixture
under nygtsgdtingdPIne ol $aliter B @Prpglatsout o gt 53adium
hydrogéﬁﬁ&ﬁbome ddzacseﬂlmedﬂdm it adonidiaithdec e {0 an ice

on, q?_n_ 0 ﬂﬁg gqg

bath, édﬂi tsthyefo a#’lnosuﬁf * etﬁ &o?aﬂ w%ﬁéﬁ ddjl letl’lﬁr (50
mL) T\Wa§h§déé1&e&ﬁ§p\ha¥é’li Wagn argedpat o lAtlt é‘&’@ﬂcﬁlloﬁ'c Capcid to
PH 2 td3® GOC dorid® hmuls, aat wlsd ezab]aqlne:nusuamleﬂ’amtcéd with

chioro ol R il B0STceL AR b Lk eis A e, e
saturatsh Al S ibs, |G Ui es, PGS, Dha ariea
with anfgshrehsysadisa Lﬁla&f@tteaquééﬁérséllllfcmﬁl@p sédieumiltrate was
concentHHdtdd d,mdelxoerdﬂdcecarpiesﬂgxﬁﬁa W trheaabydedttsasediae

azeotro}licfaalt cﬁféd:eirl ]:%_)J t l ?tc}ﬂfeﬁé | Efdatrﬁ. WaSnd dried
cen uce ress
under reduced pressure to obtain 910 mg {(quantitative) of the

title compound ag a white solid.

[0623]
'H-NMR {400 MHz, CDC1;)8 ppm: 1.18 (3H, 4, J = 7.4 Hz), 1.55 (3H,
d, Jd =7.1 Hz), 2.49 (1H, g, T = 7.4 Hz), 3.35-3.50 (2H, m}, 4.38
(1H, dd, J = 46.7, 9.2 Hz), 4.71 (1H, 4dd, J = 46.8, 9.3 Hz), 5.50
(1H, g, J = 7.1 Hz), 7.26-7.37 (5H, m).

[0624]

[Reference Example 99]

(38) -3- (tert-Butoxycarbonylamino) -3-fluoromethyl-4-methyl-5-oxo-1-

[ (1R) ~1-phenvylethyllpyrrolidine
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The concentrate was then purified by silica gel colum
chromat ogr aphy (sol ution by hexane : ethyl acetate,
9:1 -3 2:3) to obtain 0.913ng (53% of the title
conmpound as a pale yellow oily substance. 25 [0619]
1H NVR (400 MHz, CDC13) 8 ppm 1.17 (3H, d, J =7.6

Hz), 1.37 (9H, d, J = 0.5 Hz), 1.54 (3H, d, J = 7.1
[0625] Hz), 2.35-2.42 (1H, n), 3.37 (2H t, J = 12.1 Hz),

4.33 (1H, dd, J = 46.9, 9.2 Hz), 4.65 (1H, dd, J =

46.8, 9.1 Hz), 5.48 (1H, g, J = 7.2 Hz), 7.25-7.37

(5HF 30 m.Ms (ESI) mz 336 (M:H)+. [0620]
Me[ R eoence Exanpl em®€8]
)43- Fl uor onet hyl - HBbk- 5- 0x0- 1- [ (1R) - 1-
h nyQigt hyH—pyHog {ng@-3-carboxylic acid 35 [0621]
1%2 M FO Me4FO Ph [0622] To a solution of
-butyl (3R)-3-f nmet hyl - 4-net hyl -5- 5
ox0-1-[ (I R) - 1-phenyl et hyl ] pyrroli di ne-3-car boxyl at e
[0626(910 ng, 2.71 mmol) in dichloronmethane (9 ni),
]trlfluoroacetlc aC|d (9 m) was _added dropwi se in
Tee bt ian ehe( ikt irel YRiEowe iy kot dieHaph 5 -oxo- T- 1R -
1-phenykbatdey Bl pyerd bi d Bndobir sarBbtet iconctdt (210 mggt h2. 71 mmol) in

acetoni@ﬁf_:eié ofbé(;'}r%u]%)urel o%m—g(g%:ﬁ&%{%}?h g{ﬁsf’d’t'%@art%%f‘éuf@%§dmg, 4.07
mnol) 45 SELe Al (T HE R ONEBNT TR T TESh P 2 et Hoe
Ammonlar@a&qﬁybw@mmﬂadlxmtmw@hawmﬁﬁmtxwmrmtmtwrgl%@hel § Sgours,
and théﬂaoldfhéﬁWWéﬁﬂ&ﬁhﬁéﬁﬁwéﬁed%ﬁhéﬁ%kibdué@ﬂ/ﬁressure Water

(50 mL)hydég‘:hcﬁc?r&C £ 8 r?'et oné’{h%fé&?ﬁ and h oro?[ﬁl)?ﬂ%]?%d@%%

1 On orm
extracgd WOCFW%EQ’WG 1oR e held- Wite PF9Satis deeeT was
washedamﬂEWUSasﬂfmté@naqﬁeSQdiBaﬂuhhonidé EH@um hland de (100 mL),
and drféc? ﬁhfc#&?é OUS3 S| é@iﬁ&éé at oA §i1tration, the
tr at 1 on

trafe was (gcentrated u
&

£11Erats iR R SO CRY SRS BERSS Wotor rg aAGpRETate
was azmtsmpimhy kel gl 2| i rredq ey nﬁ_qlut%mti (7§ eel) urried dried

under fiﬁﬂw@ﬂt Iﬁeﬂﬁ@tﬁ%@ t® Sain &P itative) of the
e Sé) l
Cf;lg;%éﬁ?‘g%—k ﬁaﬁ@%ppmﬁﬁ%’%ﬁ Er1ea® @il ' 40 Bince.

'H-NMR {400 MHz, CDC1;)& ppm: 1.18 (3H, d, J = 7.4 Hz), 1.56 (3H, 4,
J = 7.4 Hz), 2.72 (1H, q, J = 7.3 Hz), 3.26-3.37 (2H, m), 4.52 (1H,
dd, J = 21.0, 9.7 Hz), 4.64 (1H, dd, J = 20.7, 9.7 Hz), 5.15 (2H,
d, J = 55.4 Hz), 5.57 (1H, g, J = 7.0 Hz), 7.26-7.41 (5H, m).
[0628]

To a solution of the crude product in the form of an amide
(800 mg, 2.71 mmol) in tert-butyl alcohol (10 mL), lead
tetraacetate (2.40 g, 5.42 mmol} was added, and the mixture was
stirred in an oil bath at 80°C for 30 minutes. After allowing to
cool, sodium hydrogencarbonate (2.5 g) and diethylether (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 sclution used for
the washing were combined and washed with saturated aqueous
solution of sodium hydrogencarbonate (50 mL) and saturated aqueous
solution of sodium chloride (50 mL}. The organic layer was dried
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d J=7.1Hz), 2.49 (1H, g, J = 7.4 Hz), 3.35-3.50
(2H, n), 4. 38 (1H dd, J =46.7, 9.2 Hz), 4.71 (1H
dd, J 46.8, 9.3 Hz), 5.59g425 (1H, q, J = 7.1 Hz),
7.26-7. 37 ( 5H, n) [0624] [ Reference Exanple 991
(3S)-3-(tert-But oxycarbonyl am no) - 3-f | uor onet hyl - 4- net
hyl - 5- oxo-1- [(1R)- 1-phenyl ethyl]pyrrolidine 30 163
with ahB$ aﬁbuE faghlsiufl Meltat®, }anfi AFBee fOLAr&Ei&nN the

flltragg gh ?nggél?g ﬁ ﬂﬁdé?l %ngeafprezz The concentrate

uor one
was pupip @ﬁybxtﬁyiFﬁ§r¥6i.BP%@m§ cRr BBy PY Bb d<%éaﬁlﬂﬁ by

hexane?2: 74ty dcebatacebonit + |2 (2Gkarldhtain 485 mg (51%) of the

title dompoGRAPRBYLDLRILE kg1 dazole (659 ng, 4.07 mmol) was
(0629 dded, and the m xture was stirred for 20 m nutes.

Ammoni a gas was bubbled into the reaction m xture for
"H-NMR 1(40 hdMH®, CIXOL:afdpphe sbll@i 63Hwad, odbneeht4 dfzed, uhdet (9H,
s), 1.5edyggd @regsure. WAr, 50 -d)7ovecmdded to. 1de3. 24 (1H, m),
ncgptrate,.and the ur S tragted w
3.39 (Eﬁ[o§§f0$nwii@ 9 T el % E E@ ﬁ ?gyeg &9 3,.9.1 Hz),
4.55 (it hskatdra &1%qu@@us solﬁ?r%n %fls%a?un5cﬁpoﬁ4%e q, J =
7.1 Hz[100.23}7.34andsHried. wi t h anhydrous sodi um sul f at e.
[0630f¢ter f||trat|on the 15 filtrate was concentrated
£ er redug g@ ssure. The concentrate was

[Re er%?%%t?%%@@ V98l stil1ed by adding tol uene (20 ni),

(38) - 3ahdeutr%@togm@@rb®@ﬂh@@ﬁn©}e%s@l@orgmgbhﬁ1n48®@thﬁl-l-[(1R)-
1-phen{UdeRyilgy+¥e)i@inéhe crude produce in the form of
[0631ﬁn1de as a colorless oily substance. [0627] 20 'H NWR

(400 MHz, CDC13)8 ppm 1.18 (3H, d, J = 7.4 Hz), 1.56

(3H d J=7.4H), 2.72 (1H, q, J = 7.3 Hz),

g 3.37 (2H, m, 4.52 (1H, dd, J = 21.0, 9.7 Hz),

4 (1H, dd, J g 20T, 9.7 Hz), 5.15 (2H, .d, J = 55.4
)NHBoc57 (1H 0, M b.nugdeHz), 7.26-7.41 (SH, m).

28] 25-TFo=a solutlon of the crude product in the
Norm of an ami de L;gpo ng, 2.71 mmol) in tert-butyl

~Algohol (10 nt),

Me. 4

0

[0632]

To a solution of (38)-3-(tert-butoxycarbonylamino)-3-
fluoromethyl-4-methyl-5-oxo-1-[(1R)-1-phenylethyl]pyrrolidine (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 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 {100 mL x 2). The organic layer was washed with
saturated aqueous solution of sodium chloride (100 mL), and dried
with anhydrous sodium sulfate. Aftexr 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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tetraacetate (2.40 g, 5.42 mmol) was added, and the
m xture was stirred in an oil bath at 80C for 30
m nutes. After allow ng tojggool, sodium
hydr ogencarbonate (2.5 g) and diethylether (20 niL) 30
were added to the reaction mxture, and the m xture
was stirred in an ice bath for 30 m nutes. The
ethyl aaf@éy@! e1£oNt. 8Nty Was deemped ﬂosest o inldf rmsd%qp dmrtgiﬁyrtitle
e n ution used for e
Compouﬁgs%%n% %gggi%%%%ﬁﬁgﬁgagﬁggg%ﬁg%'mﬁth sat ur at ed
[0633]3queous sol ution of sodi um hydrogencarbonate (50 ni)
*H-NMR afach cs My, atapt1ag8epps: 3b. &®| (31 0nd ofT sodd enichl ori d&2 (3H, d,
T s e P e i A e an
[ [
m, 2.3%) %/Jr%t eé%s‘gc%njc@r?t‘r a’{e I’S%)dergr %Iug%% p es‘@uzr efo 'I'%teﬁz) ’
3.16 (dncentF at e8. Wadzpurd f2d( By, st iEa= gl 5 dtumd .54 (2H, 4, J
= 48.3 qlgzp,mw@a?ﬂy, (@)lb,gs{r pﬁs4§g.3he§<§a£%m) ft h%I aget _atle,
P SC aln ng of the title
MS (ES%)onrra%)%hd%g’é Tl e [0629]  1H NVR (400 Mz,
[0634]1cpC13)6 ppm 1.18 (3H, d, J = 7.4 Hz), 1.34 (9H, s),
[Referdn&d KRhpls 0H 7.6 Hz), 2.71-2.79 (1H, m, 3.16-3.24
(38) -3 {brMeut Gedh kddhy Bnino F- 10 Myodome t# 1-£=?$H(1gb
methylpyrrofiding 1 ), 5.50 (1H, q, J = 7.1 Hz),
[0635]7.23-7.34 (5H, m). [0630] |[Reference Exanple 100]
(3S)-3-(tert-But oxycarbonyl am no) - 3-f | uor onet hyl - 4- net
hyl -1-[(1R) - 15 1-phenylethyl]pyrrolidine [0631] M F
MeHMF * il ONHBoc NMBoc N N "~Ph Ph [0632] 20 To
Me a 3§%ution of ( - tert-but oxycar bonyl am no) - 3-
TR UIRRet hyl - 4- net)y(NsBeso- 1- [ (1R) - 1- phenyl et hyl ] pyrr
i di ne 7485~ ny, ;738 nmol ) in tetrahydrofuran (10
',hy), 1. OOM sol uti om of borane in tetrahydrofuran

(#h57 m., 4.57 mvol) was added in an ice bath, and
the m xture was stirred at roomtenperature for 15

[o636]hoUrs.

To a solution of (38)-3-(tert-butoxycarbonylamino)-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 (gquantitative) of the crude title compound as a white solid.
[0637]
'M-NMR (400 MHz, CDCl1;3)6 ppm: 1.06 (3H, d, J = 6.9 Hz), 1.44 (9H,
s), 2.28 (1H, g, J = 7.4 Hz), 2.80 (1H, t, J = 10.0 Hz), 3.24 (1H,
d, J = 12.3 Hz), 3.32 (2H, dd, J = 11.0, 8.1 Hz}, 4.54 (2H, 4, J =
47.3 Hz}), 4.74 (1H, s).
[0638]
[Example 28]
7-[{38) -3-Amino-3-fluoromethyl-4-methylpyrrolidin-1-yl]-6-flucro-

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

oxoquinoline-3-carboxylic acid
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25 After concentrating the reaction m xture under
reduced pressure, water (1 nlL), ethanol (9 nL), and
triethylamine (1 nL) were agdged in an ice bath, and
the m xture was heated under reflux for 1.5 hours.
After concentrating the reaction m xture under reduced
pressure, water (100 nL) was added, and the m xture
[o639Was extracted 30 with chloroform (100 niL x 2). The
organi c | ayer was washed with saturated aqueous
solution of sodiumchloride (100 ni), and dried wth
anhydrous sodiumsulfate. After the filtratiog, the

filtrate was cofpcentrated under reducegd presgureqsgnd
Me resi-due _was purcddsrd by silica gel c “
2T§ENBaELpgrac (eljusi on by hexane 165 ~& tate,
1 -4 1:/) Yo gbtain 350@(75‘%9‘0@ '
onpound as aoMAOFl ess oily substaﬂ P H NVR

(400 MHz, CDC13fS’ppm 1.03 (3H, d, =3"Fé 6.8 Hz), 1.32
(3H, d, 5J =6.6 Hz), 1.41 (9H, s), 2.11 (1H t, J =
8.5 Hz), 2.19-2.29 (1H, m, 2.38 (1H, dd, J = 10.1,
[0640Y 5 Hz), 2.84 (1H, d, J = 10.3 Hz), 3.16 (1H, t, J =
834) Hz) (t@r25btdkygarPomyBabimz) ;3 4f bdot@hktdyld4-=
methylé?r§ot¥ainé-@@5615% sz534lﬂm81?} é?H*dﬂEluB§oCES¥X1R,2S)-2—
z: 330 (MeHT. 10 ] 0634] | Reterence Exanpl e 1011
fluoror bsyEEont Ryt i BRyRF BohyT aftt A)L O3 ORoduInolThe -3-
carboxyube oaeifiyt - 4ifreohgbpyerotouphex| 0835] mg150Mef4 Fulpl) , and
triethpBetnE (MNHBOs4 i, CF. 70k Numébtl ) PRel8686ks0T0ed in dimethyl
sulfoxfﬁéugéoﬂ%ﬁf éié»Eﬁ%(%f%£'%§t§é%cgg999%haghn b 311 bath at
uoronet hyl -="4- met hyl - -? R) - 1-phenylet hyl [pyrrolidin
35°C faxr (odauys 2020594 comeetira tdnga fdle MEXTHIE \was Tdaeed
solutidf%patthashoin gadbwater (ethanol : water, 9:1) (11 mL) and
triethylamine (0.5 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 was
dissolved in ethyl acetate (100 mL x 2}, and the solution was
washed with 10% agqueous sclution of citric acid (100 mL), water
(100 mL x 3), and saturated aqueous 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}, and after stirring the sclution at room
temperature for 30 minutes, the reaction mixture was washed with
chloroform (100 mL x 4). To the aqueous layer was added 10 mol/l
aqueous 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
wag 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.
[0641] '
mp: 167-169°C.
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catal yst (containing 52.8% water, 200 ng), and the
suspension was stirred in an oil bath at 40C for 2
hours in hydrogen gas atmpgphere. After renoving the
catalyst by filtration, the solvent was renoved by
di stillation under reduced pressure to obtain 150 25
nmg (quantitative) of the crude title conpound as a

1H-NMR V\Modcﬁl\ﬂﬂé J o1 G&H) m’i:lp%WT %4@(9 Wiz, @chi% 6. ?pmz) 1.37-
1.50 (%H ﬁu}f g %% {3 1)1), 12 ﬁio?thzé % 4$(§Hﬁ'z)3 3.45
(1, ay I 1513. Puiiz)3. 32 502, 5d) U3ty & ) S 534-92 (1, d,
J = 8.¢2k)d 387 (Blﬂ) aa, 3JI—E)12457HZIZLH& 8y- 4[0538}H m), 4.51

(2H, d Eéaﬂpiﬁ 28k7) (1H, d - 65.0 Hz), 7.67 (1H, d, J =

14 .5 HT ?5%%r6fg1ng flug Qnﬁtbyl 2 nethylpyrrolldlé 1-yl

Elemenﬂa{Yl$@@E¥SQSff@br@mﬁéﬁ#é&@pﬁoﬁﬁﬁkos-nethoxy-I,4-d|hyd
Calcdl@rt%d 35c9xgguiseql Hnes328ar poxyki.csacing 366G7.[ 0639] O

roud £ EICKE . T gl y Wb G

MS ES%lémbeuﬁ%¥&c@%ﬁﬁnylan1no) -3-f | uoronet hyl - 4-
IR (ATRRENYbpwrr,okisdione 28750 my16Q. 3% onmals)La, 1452, 1441, 1363,

1327, P2”73 di{{guor ords] (fR129) - 2- _ _
fT uoro-T-cyclopropyl ] -8-net hoxy-1, 4- di hydr o- 4- oxoqui no

[0642] he. 3. carboxylic acid - di f I uor obor on conpl ex (214
Examph@ 291 594 mol ), and triethylamne (0.0994 n_, 0.713

7smmlﬁmm&dh§§@§ryesi-am@bﬂf@ hyl4]11@e§uéﬁomﬁ£](2 MR, 28)

fluoroé 3 = ) -4 - J) % Jr.]ngilngSg: For

carboxEhiqiaght of ethanol and wat er (ethanol : mater 9: 1)
[0643](11 nmL) and triethylamne (0.5 nL) were added to the
concentrate, and the m xture was heated under refl ux
for 2 hours. The reaction m xture 15 was concentrat ed
under reducedoprSSﬁfre, and the concentrate was

: | 00 0
H F COOH
Boc—N !

N Me i'l:
[0644]

H

A mixture of (78)-7-(tert-butoxycarbonylamino)-7-methyl-5-
azaspiro[2.4]heptane (523 mg, 2.31 mmol), 7-fluoro-1-[(1R,28)-2-
fluorocyclopropyl]l -8-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid (538 mg, 1.927 mmol), triethylamine (0.537 mL,
3.85 mmol), and dimethyl sulfoxide (6 mL) was stirred in nitrogen
atmosphere in an oil bath at 75°C for 5 days, and in an oil bath at
85°C for 2 days. To the reaction mixture 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 mL x 2) and saturated aqueocus 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 coclumn chromatography

Y

Me NH,
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di ssolved in ethyl acetate (100 nL x 2), and the

sol ution was washed with 10% aqueous sol ution of
citric acid (100 nL), watefgg(100 nL x 3), and
saturated aqueous solution of sodiumchloride (100
m.). The organic |ayer was dried with anhydrous sodi um
20 sulfate, and after filtration, the filtrate was

(S:Lllcéo@éﬁmi@t@d Mele{on reg L@l@ﬂof’éﬁéﬁrﬁr% cHI&rameent r alethanol,

98:2) T\F{ﬁs Q%Qa%/tega}i%tfé’ff&pt %& fﬁ/grocﬂﬂeolﬁl.&ﬁﬁéh (];;Iaple yvellow

rrin Ut L on
foam S%h%ewaa% HESFRFved Wn%@%%en%%t%alaf%ﬁcm%h? eAGhd (8 mL)
at roomasdmgokevatire chdrod of Drer (1fnsferring ﬂhethesalqtlengsamdlc

aqueou aé’giuﬁ’\@éna'ggﬁq 1@1\1”9&16%0%51%9}‘1%0‘&%1%0@5 'a@r’s%};’s_hﬂ M funnel,
oI

corar iy GO LS, BT IS0 Lee DLl o VO Tl o

layer was addedct@diadfh mmw oqsmqug@n nof xs@iiumnkydhexide to
pH 12.@rDamg i@%at%%ﬂl&ﬁd%&lﬁl@ﬂmdé@m wR4li adfed to adjust

the pH't uJ) f'?t 'Ql‘f ; er f Iultt:Lr g LML eg%el‘:acfﬂé& r‘:@.ht% V?Smlxed stolvent of

concen rat 2) &r reduced press
chloro%@rmvaéncbuvemwloy(%ﬂe@%i%lr% zdﬁ?‘bli‘ﬁl??%m %t %hn&]rooawd x 3)
and lowdwe mwat B amﬂ;eecﬂim@]jvemmiemhlmmﬁnprm‘shmnolo and water

chlorﬁ%w cgifo ethe;. 411 5?@@9915‘1“ Fhic layer
was dr lg I}@&% dJiu 781313{?1:% %n& %ft'gezr‘_lzgwﬁ#%%lon, the
filtratle 5¢ag 1¢€9nq@nt:|:[atfﬁ):l usPer Ireduged 20BAsEUFRE . q, ThJe concentrate
was puﬁ‘lzﬁlec? %5 *lddy éiial]lrzaﬂﬂ-l&l Hedom 3o B2a8o B8 4dbkopdnol system,

and the:] cry ere Cgl’bléfil OL%HC?GE‘LIH f]elgucgag éig%g?‘g];-? 7%5 1&)}3tgin 332

ng (2 Sfems HA2% 560511111% titly commundias g Byle 1yelipw powder.

[0645]14.5 Hz), 8.41 (1H d, J = 2.7 Hz) El ementary

mo: 15 nq ésbs for C20H22F3N304' 0. 25H20: Cal cul ated: C,

p'250 § H 5.28; F, 13.26; N, 9.77. Found: C, 55.66;

[al 5 H= 51%4: 2% (a3 %&: 1% P 9 NPRk (ESI) mz: 426

TH-NMR ((Mield) 'MHzZI Rc(AN?)Naom%@per:%@ SDSTVZ 541716, 1622,0 1784 .62 (1H,

m), 0. 6[194653;’:801?(421»1 11%63 1]0152731-1125)3 1184, 1 13dR4¢ mr}lm), 1.57-1.63

Eﬁ.g”p -

m) %9 14{1hyt 5- azasgal ro{% }ﬁj)heﬁ 5 yITI] C?l J

9.6 Hz). [(31 591 d, J . 8 "Hz), 4.04-

4.09 (1d# uoﬁ)ocym:lmrmmal]eja{,nm) ,yI7Joe;1 thifny di o0-31- @x@cp.umz)] i Ne.99

(1, 4,3 Layboxyic Acd 1y, 4, 7 = 2.9 Hz).

Elementary analysis for C;;H24FN30;°1.25H;0:

Calculated: C, €1.83; H, 6.55; F, 4.66; N, 10.30.

Found: C, 61.65; 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-Amino-7-methyl-5-azaspiro[2.4]heptan-5-yl1]-1-

cyclopropyl-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
[0647]
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[0643] 0O COOHO HF COOH 'J:; BBoc-N Me e Me XF } f
NHM F M NH2 e 20 [0644] A m xture of
(75)-7-(tert-butoxycarbonyjg@i no) - 7- met hyl -

azaspi ro[ 2. 4] heptane (523 ng, 2.31 mmol),
7-fluoro-I-[ (1R 29)-2-

fl uorocycl opropyl ]-8-nethyl -1, 4-di hydro-4-oxoqui nol i ne
-3 25 carboxyhic acid (538 ng, 1.927 mmol), '

triethyl am nell (Os®gy/ b, 3.85 mmol), and di met hyl
sul foxid was stirred in ni@rogen atnosphere

Boe—l 1 N N at 75C for 5 da Qam an oil bath
&e at/>85C fqf, 2| days. To the rea onl m xture was added
10%0 aqueous ol uti on of [ -
Xt tre—was—ext+acted 30 heuieh acetate(SQ m) .
e organic |layer was vvaﬂhemlgvuth wat er (10 nt' x 2)
and saturated aqueous solution of sodium chloride (10
[0648]ML), and dried with anhydrous sodi um sul fate. After

A t f t fgh
Inll u}{:teeH oRjefs {]7%6) 1. tzérﬁzes ue % ur| il eg&g)er—/ e HyL-s-
azaspi Rl 2 I RARE A obiA o RapIR- 68 L 4 | baf HUPEOaE FppTopyl-T-
fluoro-ed st tdny byl 64 dirtnfdran 4 +*oxadduoired lorme < 3 ned tiamoy 1 ic 98cR) (503

mg, 1. §205 chﬁ n %f%tﬁi})’ﬁirﬁ% foane spld,. Thes ppd 1) edarﬁflcﬁlmethyl

foam sol | di ssol ved i n concentrated
sulfoxilsy GG PR TR TGO CUET It o, arp O30 bath
at 75°Caffioer 5t dalysfeanldngnt he D&Qubﬁtﬂﬂg adci8éi’c Hoagledags. To the
react i &0 Mt ISid aﬁi&éwdﬂrmr&@é@@cécdm@@ sepaFH LY acid (10

I 0
mL.) ar%”&lé t%é&glqudeeggags yer was ad}ﬁw O%%{géeae%%as_ rﬁ(L) The
organicdiaugonast wediatn Hydt GatF t ot hrr X &) Pih %t'élrate

aqueoushatdi utaireh h;/ﬁ:irsaﬂnlmrr icth Jat idilenal (dde)d, tandidjristd wiieh
anhydrcmé t%d7 Lﬂ'n sThﬁs&&% Ut hQRVas J.Q_)f:trra%cib%d Wirleh £3 l@ﬁé@:‘é was
ve hl oy of or m an ano chl or of or

concentﬂ.aq%ﬂ ﬁeiuf(%{ rﬂ_rggsgare agg“ﬁq O\ﬁrgllgé’feﬁagf pélrlfled by
silica ma&ed:@olmemhmmmmpﬁy niet el | 9sahd Wat®er elusion by
chloroﬂﬁﬂﬂQQOEHEEEOfBEEhanﬂbthaﬁ@ﬁer98723 b cHR@smLh phlhe vellow
foam s§¥gfnl%hgaﬁﬁ&lfled pale yellow foam solid was dissolved in
concentrated hydrochioric 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 wasg washed with chloroform (50 mL x 8). To the aqueous
layer was added 10 mol/l aqueous solution of sodium hydroxide to
pH 12.0 in an ice bath, and hydrochloric acid was added to adjust
the pH to 7.4. The solution was extracted with a mixed solvent of
chloroform and methanol (chloroform : methancl, 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 yellow powder.

[0649]
mp: 227-230°C.

[a]p**® = -38.9° (¢ = 0.211, 0.1N NaOH).




10

15

20

25

30

35

was dried with anhydrous sodi umsul fate, and after
filtration, the filtrate was concentrated under
reduced pressure. The concepgrate 15 was purified by
recrystallization from ethanol -i sopropanol system

and the crystals were dried under reduced pressure to.
obtain 332 ng (2 steps, 420) of the title conpound as

'H-NMR 4R el Icpvmqmﬁj 5 g%ﬁ%b BB: (iﬁ? #59Co .29 [eg] m), 0.79

25, 0 1 0
E Ut i foet R o o
= 10.0 (Hgj, %)400(%3@ od803(2|-P ‘ér)HZh %%H dg $7=193% Hz),
3.57 ((#H,dmgJ 4. 5781&1:68 £ 164 -4)07 2( U2, (IBH. %)013(1&4, (dH,J = 9.1
Hz) , 7%5%&18% I_"B{Z 5H£)1H d56J (T, %P, H)Z) 43-0252(51;} 0
Elemenﬁﬁ’ ?ﬁal?ﬁs’g% %Oﬁl 2(1§HN3F?id1 PJEd‘é)}? Hzg%‘zOJ = 9.1 H),

Calculag@d:( 18, 66.99F H.17HEP; 8.450(0B, d, J = 2.9 Hz).

FouncEI e@ents@ryeanﬁl ysi asfox, CZ@H@@EI\BOB' 1. 25H20,

MS éat%ﬂ%ﬁqgggﬁ+83 H 6.55 F, 4.66; N, 10.30.

H 6. 30; F 4. 77 N, 9.88. 30 M5
ATRMB) 2964, 396.6(MRABC., MRLIATRELO,17585,16608 19486, 1427,
1390, 1598, 1369, 1A2H, 1880,cd358, 1317, 1279, 1259, 1196
[065O]Cm1 [0646] [ Exanple 30] 35
[Example [{7p) - 7- Ani no- 7-met hyl - 5- azaspi r o[ 2. 4] hept an-5-y! ] - |

7- [ (38 oyt pinpyd - Blwstdne tHy Y- 4 they/th ol gy orobid bot 1 nel B- ¢af buoro-

1-[(1IROXY) ig- m&o{ﬂﬁ%&léﬁﬁgﬁm&@ , dHiFhydio M -
oxoquiﬁ%i&hé%ﬁégar oxyIic'acid

AT UT © Ul

[0651](7S)-7-(tert-butoxycarbonyl am no) - 7- net hyl - 5-
azaspi rof 2. 4]heptane (524 ng, 2.31 mmol), 1-f 0O

| gor ocycl opropyl 7. F
o

Me {1 uor o- 8- et by QWﬁﬁdro 4- oxqu|noI|ne
Nittiodl (503 25 mmol ). tgi et hy) Q
.85 mmmol F~ ayid nethyl sul f oxi de fé%;;h

m %

Hin nitrogen averogplkere in an oil bat

F

{0652]

(38) -3- (tert-butoxycarbonylamino) -3-fluoromethyl-4-
methylpyrrolidine (155 mg, 0.663 mmol), 6,7-difluoro-1-[(1R,28}~-2-
fluoro-l-cyclopropyl] -8-methyl-1,4-dihydro-4-oxoguinoline-3-
carboxylic acid - difluoroboron complex (228 mg, 0.661 mmol), and
triethylamine {(0.111 ml, 0.795 mmol) were dissolved in sulfolane
(0.8 ml), and the mixture was stirred in an oil bath at 35°C for
480 hours. After concentrating the reaction solution, 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 30 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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at 75C for 5 days, and in an oil bath at 85C for 2
days. To the reaction m xture was added 1000 aqueous
solution of citric acid (17410 nL), and the m xture
was extracted with ethyl acetate (50 nL). The organic
| ayer was washed with water (10 nL x 2) and saturated
aqueous sol ution of sodiumchloride (10 nL), and dried

residudVwdls Uk e ©diShp osthatrt SeH faée. g t @bl imh t ¢lat bt odhephy

| (chlorcr;f%ff rat e S Cfncggt%at i% der Tﬁgdfgggﬁﬂr Caalr alsggfved in

idue el rfied S|I|ca
concenigr it %‘g@%%yl%w&%l%e(lo ®llg; 150) 381 HF pyath, and the
solutiahheanforimred ct araforirenpems hamm| £01983 2)mimuods ai The

reactlml &M@éi&wwat@%@@éa %Jx@%r%f&f&qn p@i@o yrﬁri I;@V@f oaaad to
di ssol v nf%trate ]gc hloric &I

the aqlt%oﬁ)laaﬁf Fo“bﬁﬁtae(ﬁ‘g%‘i a]tqur%? FIHET %‘? A r‘?%gso tum

hydroxide tesH tihgracin cadridus aol hydreeblerpy acid was added

to adjEfpaied gy danned W'T'h'ee SWASRIiRE Walsh &N riaededc hiiam C

u i on C r of ar m_
Chlorog&ggj ]Elg}?tni!]e l}eous ‘é%%ﬁlﬁ% Vflay(% wf% %r‘l/e? é{\guélous
anhydrapg Lﬁ%w%fs%%ﬁftﬁn AR d;ﬁ%es%verﬁﬁ wWas orsPERA e
distilleation andidyy dreablnd ed |porerodrena s Taekd eed stidiuvad jwast puri€ied by

recrystdl 14 tiAOIl Tf%n?%ﬂﬂalrﬂﬁ Wa%‘h%x tt%q_ V"'wteti'ea d‘Pl)é%ld under
ol vent o hl or of or m and o or
reduceRIEHHIE £00)SHUD 1l gihe title

'an ‘t:

compourwhsasird qeh e tyelalmdrmt@lsodl um sul fat e. After
[oesaljfiltration, the filtrate was concentrated under
) e pressure. The concentrate was purified by
mp : Zoloe%%? iqal lization from ethanol, and dried under
*H-NMR rfé@Gc¥dzpr 8s $Ur HaO®) dbPRInA 213805Tg(¥f@): 641 30=nfo? ,H2) . 1.21-
1.33 (g9teps),, 31305(]) (an‘chB:tlalzezmrmomoBasa pal 0 yel4OW1H, m),

2.51 (3@9"‘@% H'mi 2P L 21@% }fz? & =188-9 (£ F35.6 Hz),
.21 00 % N
3.54-3 4 31&:5@]) ,2@‘%;% K0, AEDNR (400 W 9 IN D) 12 am,
m), 4.¥BH25,) 4,105 @H4 Hz) 2.0 3HH,s)ddB. 315=(1€H 2, 9.1=5.1
Hz), 7.;@) O 1tz 'd,3-Jéf% (1lH s d-lz)J 3 9;56 Hz, B. 4P =(136L77 ((j?LZH ;7
Rlementi; Fyyale® Fdt gty rinn, %! 5%%%”0 2D
CalcugakgdeiHy: s37-2°H hent afy: afhal §s7's- for
FoundC2 1R 5NB087 1. Ft ©H7; 26H29: 56 Cal cul at ed: C, 66.09: H,

zs1h 9N 419 Qupfound: C166.38; H 748 N 10.26. M5
MS(S(TS AB)” 84’& + 10 IR (ATR)v: 2064, 2916, 2850

TR (2TR)yer 34840, 31@15 39898, 29466, 24437, 171%9016i§52159§131468
1435, 1BZ%4, 1BEPI4 ®sSE, 1227, 1178, 1130 cm™*

[0654]

[Reference Example 102]
Tertiary butyl 5-oxo-1-[({1R)-1-phenylethyllpyrrolidine-3-
carboxylate

[0655]
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[0650] [Exanple 31]

7-1(35) - 3- Am no- 3- fluoronethyl 4-met hyl pyrrolidin-I -yl
]-6-fluoro 15

1-[ (1R 25)-2-fl uoro- I-cyclopropyl] 8- net hyl - 1, 4-di hydr
0- 4- oxogui nol i ne-3-carboxylic acid [0651]] O Me F O

COOBFZ F COON 11 NHBoc \ + F N MeN M F H Me LF HZN F
[0652] 20 (3S) -3- (tert-butoxycarbonyl anm no) -3-f
| uor onet hyl - 4- nethyipyrrolidine (155 ng, 0.663 mmol),

6, frdifluoro-1-[ (1R 28) 2-

flugrgyl - cycl opropyl] - 8- met hyy- 4 di hydr o- 4- oxoqui no

i.ng* 3- carboxylic acid - dlf oboron conpl ex (228
0.661 mmol ), and. tri anlne (0.111 m, 0.795

0 nﬂDI) were dissolved in QuINoIane 25 (0.8 m), and the
tuge was stirred in an gi th at 35C for 480
hou After concentrating th action solution, a
m X sol ution of ethanol ter (ethanol : water,

[0656] 9 1) (5 m) and triethylamne (0.5 m) were added,
and the m xture was stirred in_ an il bath at. 80C for

TS0 i HARENS T HeattdHi syktdh e elsidant iRegplidine-3-
carboxyinderaciet yrepres swr e;hank tthed crmentved el masulbertson

T.P., L@Brﬁé’c{l%aoﬁ/% iM, :ghrjﬁ}’éhcgifset.ﬁtle (m%k;éi(c@) Al éi}%ééﬁg R.W.
J.Med. Ghgty, If %%) ng Ffl]aﬁdho@a{)]tfra?t aﬁf?eéoﬂgésé& u]t‘% on of

dlchlorsmﬁﬁlmrm b‘qu clé (m(temtylm buysglar¥ AV’ <dek s qipisoRif |} wieka
(3020 gV tis athwousyaspdades Wi atdm aldhdda3brs ok Mantstiasring.

\. Ll |
When ixic} Sfegsﬁq%u%*ei,asﬂﬂp@a% ﬁ?&“e%lﬁa?%%%?%ﬁdﬁtf’%ﬁé%ﬁ 5 i uing
were nc&’rﬁ% I}ﬁﬂﬁﬁl%rﬁ}fo‘}t{ﬁ%ﬁrfﬂs GRAfchoim a9 4ce Aoa4tk1) After
coolindlhehea esdadite omasniditss® ved room comwgetatatesl the mixture was
st:.rre&‘%zoclhllffgdrc ﬁ?t'ézjr (rJeQndUJ)nd D i &8 hatd, c‘ﬁ{lflsfcﬂe another 3

ution vvas st roomtenPe aturefor
h

hours Wik QETHAS 3% AALCr o EUPE! P DHERLES WhShebeaF Thon mixture
for anaifiesr of dvamy ¥OG-hricoel3dng dad arp iqehdadduedie |Hyaalukds
contenta@@ed rEhdmid,l agueaoss Siald#den wis spdiddnunder reduced
pressure. The residue was purified by silica gel column
chromatography (silica gel : 4kg; elusion by hexane : ethyl
acetate, 3:1) 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 diastereomers 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, CDCl;)8 ppm: 1.45 (9H, s), 1.54 (3H, 4, J = 7.08
Hz), 2.59-2.74 (2H, m}, 2.95-3.03 (1H, m), 3.14 {(1H, dd, J = 9.77,
8.79 Hz), 3.49 (1H, dd, J = 9.77, 6.35 Hz), 7.26-7.36 (5H, m).
High polarity isomer:
'H-NMR (400 MHz, CDCl;3)8: 1.36 (9H, s), 1.53 {(3H, d, J = 7.32 Hz),
2.59-2.75 (2H, m), 3.02-3.11 (1H, m), 3.16 (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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hydroxide to pH 12 in an ice bath, and hydrochloric
acid was added to adjust the pHto 7.4. The solution
was extracted with chlorof ﬁgn1(150 m x 4). The
organi c layer was dried wth 10 anhydrous sodi um

sul fate, and the solvent was renoved by distillation
under reduced pressure. The residue was purified by

[Referéﬁ@éyﬁiéﬁ 1§a1mpp fron1ethano| The crystals were
eltt) ﬁ@}ain 24.0 ny

----- ,v‘ i f conpound as a pal e
balalny 53 =263C. 1H NMR (400
[0659]I\/HZ 0. 1N NaOD)s ppm 1.05 (3H d, J =6.9 Hz), 1.21-
1.33 (IH, nm), 1.61 (1H, dt, J = 25.2, 7.6 Hz),
2.30-2.40 (1H, m), 2.51 (3H s), 3.22 (1H, d, J =
10. 3 , 3.48 (1H, t, J =8.6 Hz), 20 3.54-3.61 (1H
nm 0.3. 84 (1H, dd, J = 10.5, 15H3L, .06-4.12 (1H,
m,~2951 (2H, d, J = 47.4 Hz) , ddd, J =
2, 9.1, 5.1 Hz), 769(1Hﬁ3°z 14.5 Hz), 8.45
O=TaH, d, J = 3.1 Hz) gl ener@ry“anal ysis for
OH22F3N303* 0. 25Et OH 0. 5H20: Cal cyl at ed: C 57.27; H
. , 9.77. 25.Found: C, , 5.74; N, 9.56.
VB ) mz: 410 (M+H)'. IR (ATRlw# 3400, 3367, 3089,
2964, 2883, 1711, 1618, 1508 1468, 1435, 1356, 1321,
[0660]1559 1227, 1178, 1130 cm 1. [0654] 30 [Reference
_ T@uﬂnﬁqﬂQMXQn'hﬁtﬁfg@o{ﬂﬁg(lR -1-phenylethyllpyrrolidine-3-
carbox %C}aé—ﬁcﬁ?(ﬂé@tﬂa &iihy:&dpcyw Ilglmanop)armmme
. 0 u on o
dimeth rrJlaimJ[c% gglig p“rllgﬁ’yl e?cﬁcg)w ya}r}eol 26, oamlg ?%fnfé é] 6 418
mol}, ‘fh’e‘”lrFé}%odUde%%rgbe%l 340 mol)
was ad&@ﬁbﬁitBOBtlfrfhg EbnﬁgahatémwbxaNMQEOMh\hﬂ%rog%nwﬂnmosphere.

When ¢ éil_lj(il-g{]éjr %@%ﬁ:ﬁe 11’90%@%? L orreafl#gﬁ'j _'-'z(;bg? yel r:la%&lon

mlxtureo Wass tq%@%ﬁ%tﬁ%& NbYduSé@@r Gpy e 3 thergg the
mixturemigs velsimddbd et Thdmushpgey atepEaind 13311@ r1¢¢1goat11(w1th a

water PAGD dNCLLASE d M d:he daihera @S Al @ angnhat aehbRgoAf
mlxturéeﬁééngéﬁked to cool aqueocus 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 ethyl
acetate (800 mL, 500 mL). The organic layers were combined, and
washed with saturated agueous 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-5-
oxo-1-[(1R) -1-phenylethyl]pyrrolidine-3-carboxylate was also

ocbtained.

[0661]

'Y-NMR (400 MHz, CDC1;)d ppm: 1.34 (12H, s), 1.52 (3H, d, J = 7.10
Hz}), 2.27 (1H, 4, J = 17.0 Hz), 2.93 (iH, 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, JT =
7.1 Hz), 7.23-7.38 (5H, m).
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were noted, the reaction systemwas cooled in an ice
bath. After <cooling the reaction mxture to room
tenperature, the mxture wagg stirred for 1 hour after
renoving the ice bath, and for another 3 hours while
heating to 40C. After stirring the reaction m xture 15
for another 1 hour with cooling in an ice bath, the
[0662] nsol uble content was renoved, and the filtrate was

[Refergﬁhnggggggergﬁgged pressure. The residue was

a gel c Iunn chro to-ra,h ilica
Tertia x|buth.. - 07 bugp i ! 1§

' )
hydroxgbthym}925méthy¢6a9©xoﬁltmélRDPpbenghpbhma]parzolldlne 3-
carboxPi¥ture of isomers at position 3) as a pale yellow

(0663 _ Al t hough separation of the diastereoners of
osition 3 of the pyrrolidine was easy, the
di astereoners were used w thout separation since the
subsequent step involved eplnerlzatlon "H NWVR

spectrum of the isoners uoted for eval uation
pur pose are shown bel ow. 57] Low polarity
Qiterja H NVR (400 MHz, 3 S pﬁ\ 45 (9H, s),
.4§%4?3 d, J = 7.08 Hn A BA%Z ,
0 5-3.03 (1H, M+—3—34{ 9.77, 8 79 Hz),
A9 . (1H, dd, J = 9. 77 6. 35‘1&)“ 7. 26 7.36 (5H, m.
30 gh polarlty i somer: 1H N MHz, CDC13) 5:
1 9H, s), 1.53 (3H, d, J = 7. ), 2.59-2.75

(2H, ), 3.02-3.11 (1H, n), 3.16 (IA dd, J = 10.01,
f066ap- 62 Hz), 3.51 (1M, dd, J = 10.01, 8.54 Hz), 7.24-7.36
5H, m. [0658% 173 Ref erence Exanple 103] Tertiary
t§| sehaylan ne¥ h{3S5: x%eﬁh¥%1ﬁq@&@nghéﬁ§$brhy|]

phenyl@Whyb]pﬁrﬂelﬁdtﬂebmxgérhoaplﬂc §6689%tebtia®yNo@l (30.0 g,
98.9 m$9f§0$ndT§eft§Q£ L%ﬁ b lodo?F%?xy dlmethy581%§n?|036.8 g,
129 mmGL{ 408 A PEILORS VFt%%]@Y‘g%O]ﬁB%%nléégho Pt nLRERE
bls(trtmﬂéhﬁy$ithhwmu@e(21OOHLFO1U§d@ﬂeﬂWam?QﬁﬁHYdﬁPRw%ﬁqﬁs129 m,
129 mmd1l) Owég-SadHQJi)dr@ﬁBﬂlé@th S@@b Urﬁﬂwcﬁﬂéj%i}&a%é e lstirred

with stirr

at 2°C zirg% J}Oé.ni‘sh n&a}.ggsﬁ §‘t ﬁ.gél ﬁélrs S0 I.lthrlllg o%t aqn?n%rx?lum

chlorlde (300 mL) was added to the reactlon mixture, and the
mixture was extracted with ethyl acetate (300 mL, 200 mL). The
organic layer was washed with saturated aqueous scolution 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 (38)-4-(2-hydroxyethyl)-3-methyl-5-oxo-1-[(1R) -

phenylethyl]lpyrrolidine-3-carboxylate

[0666]
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When the inner tenperature increased to about 50C, the
‘reaction mxture was cooled to 30C by using an ice
bath, and then, the 15 m xj#te was stirred for 23
hours by replacing the ice bath with a water bath at
an exterior tenperature of 17C. The reaction mxture
was poured to cool aqueous solution of citric acid (a
m xture of 1L of 10%citric acid and 500 g of ice),
and the mxture was stirred for 30 minutes, and
%}eﬁ acted with ethyl 20 aced@ate (800 nL, 500 nL) . The
o(g ni col ayers were conbi ned, angl shed W th
sat ar ats /ﬁéueous solution o i chl ori de and
i th anhydrous sqdium sgl §ate. After filtration,
t e Nlltrate was dried under neduced pressure. The
resi aas flash purified b ca gel colum
chrona\ gy aphy (el usion by hexa 25 ethyl acetate,
5:1 -3 #71) to obtain 10.63 g (33%7% of high
[0667]polar|ty i sonmer of the title conpound as a white
solid. 14.91 (47.3% of |OM/EO|arlty i sonmer of
t@ltqtq@}@e mcy:?uq@pan g;lp:@tlf@lfmg:; a silyl compound (54.1 g,
98.9 mmaxb); wd € 1R) sdephedyiet thyt §alyydodfuiae- 34earbbxy| ahé 1.0

mol/1 m@:’.é& %ﬁb%%{l% )%paILIQ@I@:E'l]HilI ﬂ%ééoﬂl Wgtr%ﬁifuran

(148 mip, PET o) e ag9ea Aeeptiie (0 She 9oTaris inas ice
bath. (I‘_hld mdxthre 1@sl SZrregl 3x (Hem demperatire HOr B.I8%rs, and
after ddd&erkrak:m 7tl'le hﬁixtﬂr@3 thd8cdbdbntitatd Mas [ 88623 cted

with etE fere er(? eﬁﬁ)aryﬂ-‘gﬁ r&ﬁngtr%]&‘hi%mo?g nic layer was washed

with 1%@@;@@49?13&9 ke HyF %o &g by JFWQW%%WI {999 r1b)
agueoud ighne:Bon ot arboxid adeid 0663) ML SO ard , saturdked agidous

solutlc%% sc£c§)1 ﬂc}}po;fd@ﬁéﬂrhﬁﬁ %nd dried with anhydrous
Sodlumﬁﬁga GG 8 iy SR P (i under
reducecbu]:;&s;{taﬁao g',he g@sgdqnmlw)aaamlruérzﬁdamf silica gel column

chroma%rya{ﬂ}%/' QAR NOX g et dwd si | 1368 e, 120 MMPly. 1 —
1:1) £d obacnhjy rféjsl tet {Sajjyéjrn%c% a%ééi}?mhe lEJt.’Piém%ompound as a

colorless transparent syrup substance.

[0668]
'H-NMR (400 MHz, CDCl;)8 ppm: 1.28 (3H, s), 1.40 (9H, s), 1.51-1.53
(1§, m), 1.53 (3H, d, J = 7.1 Hz), 1.78-1.94 (2H, m), 2.90-3.08
(2H, m), 3.67-3.75 (1H, m}), 3.80-3.91 (1H, m), 4.85-4.89 (1H, m),
5.43-5.53 (1H, m), 7.27-7.37 (5H, m).
MS (ESI) m/z: 348 (M+H)".

[0669]

‘[Reference Example 106]

Tertiary butyl (38)-4-[2-(benzenesulfonyl)oxyethyl] -3-methyl-5-

ox0-1-[{1R) -phenylethyl]lpyrrolidine-3-carboxylate

[0670]
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bis(trinethylsilyl)am de (1.OM solution in
tetrahydrofuran, 129 nL, 15 129 nmmol) was added
dropwi se at -4C, and the mygure was stirred at 2C
for 3.5 hours. Saturated aqueous sol ution of amoni um
chloride (300 nm.) was added to the reaction m xture,
and the mxture was extracted with ethyl acetate (300
m., 200 nmL). The orgaEi c layer was washed with
satgr ated aqueous solu of . sodi um 20 chl oride (200
) dried with anhydr sggijum sul fate. After
T t on, the filtrate “"to under reduced
o= pressure to—obt—ai—n-54.é f the title conpound. The
oduct was used in the sibsequent step with no

HO

' r purification. M mz: 363 (M Boc+H)'
25 65] [ Reference Exarrpl e 5] Tertiary butyl
(3S)-4-(2-hydroxyethyl) - 3-nmet hyl - 5- oxo-1-[ (I R) -

[0e71]phenyl et hyl ] pyrrolidine- 3 car boxyl ate [0666] 30 175

(@)
718 Bhariole (ol O 0 Ny L8100 1 oty ol
[(1R) Wﬂ%%@%@#@%&%%wT%WWH%Oaﬁél teRbiary %utyl
(29.1 gpldd . sahmbioniofdiet Ieboet lammmn] 280 fthlips | teiéphylamine

(15.2 hetr dﬁ'{ﬂfawanbeﬁ%éﬁe@hlf%ﬁ%l”@?ﬂlbr\ﬁ@% ékfiqecé QI[LQDV@Z.S% mmol} ,

e solutlon In_an | ure
and +-&{dy AT PSR e SCEre ror & foumelhifetSragged in an
ice batdoncerd rtdtd myittheren wasirs;ited cohcerrm atemp@sature for 19

hours . e@bﬁ:@@a@%d \édthécﬁltsh)élohl@%@k%i e 2@thofiuml @hldyidelh@80 mI)

ni 2yer S \Was n
was adCi)efc‘lgacod|Ctuhm h ecﬁ 0 lecﬁrcl:ar ona %(g ﬁ %&y&tfﬁé qué)
organi®G\aKaTHRRT LAY A (%@U‘f?ﬂfi umi)@m serrggdgoressure, the
residuequeoubi sselwdd ain oftisodiase it or (280 (MD0 1), mand The
solutldH'ﬁgg W éﬁﬂgggfﬁﬁﬁléﬁmkﬂ%né&%ﬁfﬁéédﬁé d®ous solution of

tratlo trate dried und
anmoni g (e Geme T PASE TGS (VAT 1Ed 03 o el mol/1

hydrochkietwirm abid oy raphyt (e ubi oh ) hesatrerated hyedium
blcarbcﬂ{é.eieﬁt%te@c 1250 4a1d) ; *and datd@a o aldquaSud G (88iSh of

gsodium mmdrl ZCHO L ‘é ti trlu:f cfxo{@@%%}?sa&y&%t% ! §8&ium sulfate.

ansparen syru
After the filtration, the flltrate 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 (7S)-7-methyl-4-oxo-5-[(1R)-phenylethyl]-5-
azaspiro[2.4]heptane-7-carboxylate

[0673]
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[0668] 'H NWR (400 MHz, CDC13)S ppm 1.28 (3H, s),
1.40 (9H, s), 1.51-1.53 20 (1H, m, 1.53 (3H, d, J =
7.1 Hz), 1.78-1.94 (2H, m372.90-3.08 (2H m,
3.67-3.75 (1H, m, 3.80-3.91 (1H, m, 4.85-4.89 (1H,
nm, 5.43-5.53 (1H, m, 7.27-7.37 (5H m. M (ESI)
mz: 348 (MtH)'. [0669] 25 [ Reference Exanpl e 106]
Tertiary butyl
(3S)-4-[2-(benzenesul fonyl)oxyet hyl | - 3- et hyl -
BsO 0X0- 1-[ (1R) - phenyl et hyl ] pyrrol [ d| ne- 3- car boxyl at e
067[[)] 176 HO BsO N N [0671] oI ution of
Uxéx@ hydr oxyet hyl ) - 3- rﬁl_%% 0- 1-
(I R) - phenyl et hyl ] pyrrol [ e- 8- carboxylic acid
tErtlary but yT- 5(29.71 nmol ) in :
d Qr omet hane (280 rrL) tr' amne (15.2, nL, 109
o benzenesul fonyl chlorid 1.8 m., 92."3 mml),
and~<di net hyl am nopyridine (1.02 g, 8.39 mml) were
[0674 ]added in an ice bath, and the m xture was stirred at
roomtenperature for 19 _hours. Saturated agqueous

Q| utFOH oFOTR R rF ifin CAHAT i Rfecqe®D HEL)the Hesma@fed to
benzenddel f@arl | compowtdir €43 ahdg af 8 2r 2 sepat at imganhpdrous

tetrahP S L£ah aYLF o ahdh NPV Mged he. §0rl1¥f,m1 é’@ﬁ@fléﬁdéﬁegodlum
blswrﬁi%%hﬁ 1&%@%&%53' R SN R N BT

an ice thretisatandtizle dyietese solsit $ohrogd @Wrunt@rhmra@@.re for 1
hour. _ﬂ&ﬁ‘ Pl ARG tiaye W1 rea SRl adddd kdMivdtekb aqueous solution

of ammo rocﬂgl%gc} gtch?%fous x?@k_)tgﬁ °r§.‘1>§1.2\§%e%%ur %&Pé&&& with

ethyl %@ﬁ%@% N Uilon 240 Bloki FRENTRP | EITDDO FALYST affys washed
with saltuetked tdmasahydronbuisiooh unt sabd ate. chbtedet 200 mL) . After

drying fﬁﬂér5§ééﬁhc éflﬁffﬂf% f%ﬁ@dsé@@@ﬁ é@ﬁﬁ&@g the
ressu obtal roduct or m of
res:Ldug U:H%s] %%'p%hﬁ v?a@) r % C?rmgure
The remue iwes Imlrlsmm?éd%erﬁﬂsl Wl m@burﬁlmr@lhﬂecpmatography
(elutedPWidn aatt o MBS )addZatS10; (MNa)y 1) [R5 Gtain 24.6 g
(89%, %% ncc%e%WiecfP(S)?% @Jﬁ%tééré’ ‘?H 1% solid.
-re 4- OX0- C( enyl et
[0675]
mp: 55-57°C.
[alp?®t = 122.1° (¢ = 0.517, CHCl:).
H-NMR (400 MHz, CDCl;}8 ppm: 0.72-0.77 (1H, m), 0.85-0.90 (1H, m),
1.04-1.13 (2H, m), 1.18 (3H, =), 1.32 (9H, s}, 1.54 (3H, 4, J =
7.1 Hz), 3.08 (1H, 4, o = 9.8 Hz), 3.53 (1H, d, J = 9.8 Hz), 5.52
(1H, g, J = 7.1 Hz), 7.26-7.34 (5H, m).
Elementary analysis for C¢H/NO;:
Calculated: C, 72.92; H, 8.26; N, 4.25.
Found: C, 72.64; H, B8.27; N, 4.06.
MS (FAB) m/z: 330 (M+H)'.
HRMS (FAB) m/z: 230.2069 (Calecd for CyoHsNOs 330. 2069).
IR (ATR)v: 3066, 2976, 2933, 2879, 1720, 1676, 1481, 1454, 1433,
1365, 1329, 1286, 1238, 1203 cm™t
[0676]
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azaspiro[ 2. 4] heptane-7-carboxylate [0673] 177 Bso

Kok Kok N [0674] To a solution of the crude product

in the formof a 5 benzengggl fonyl conmpound (43.7 g,
83.9 mmol ) in anhydrous tetrahydrofuran (470 niL) was
added 1.0 nol /I solution of sodium
bis(trinmethylsilyl)amde in tetrahydrofuran (109 ni,
ﬁoﬂam@t:}ud:mr@n éﬁ@ljﬂ@i@ wasdcoheuat xfiure daseshineethe

conf1g@£a§98ﬂ15f g%gé %Oéf t Quéom 8u£&e ﬁﬁ§§t%%¥E%ts were as

urate aqueous sol ution
shown hﬁn%ﬁ?un?chlorlde (300 nmL), and the mixture was
Exteactetledt ing ety | dacet atei {890 phas@Oaslyesahded by

dlrecttﬂstﬁtﬁcgﬁn%lgd' ﬂ@{né@@sbyﬂﬁﬂfﬁ m¥EEhcsabysat §eu§g@e@é§hod In

the refFuetipBhn| ol Sy EF M T HeARHyA He- SBRFBRE STFF St BECfpgor the
non-hydeeyemeavoms f | $1@reydupgen hatpnt vare ndacedi €d gaderplated

positi®hESSHI €he l8odh@i igskdUe MBS Mbnddied HasSiduc agametric
carboncgé Ne. Qégngﬁgggéggy?oﬂf Pgtgﬁﬁhopezfggﬁsyﬁﬁggklc carbon

ace
atom wag KEBEVR| { % RSN RS DIHTEALAN @ (4575150, Pdymmetric

carbon 5ol C. tROr¢ BPERS das d2RefAmined Basdd, oﬁ}fne)absolute

conflgufEQ%@hQ%P?Eﬁ@tkn5¥ﬁn§%§mﬂggilg ggrQoﬂ7aé&H 'ﬁhe results are
shown :EI_HS%I?QI-F S)The_l_r%%ﬂ. zﬁqrad:lojn _og-}"l'ie I% t's;l_% ﬁf t'&'le title
compourdd w@s 8thizg  dSt&EBm{nNed o e =(9) 8 Hheg qpnﬁpgqnathp gt a

serles-oﬁ do un&é?@rgdﬁée&5$# @§1n§5tﬁ1§n@6ﬁpéﬁn@n@bY§hS

cul a C~72.92: H 8.26: N
mterm%&z%te Wf%un ?:‘5 55 ﬁ?“‘e-ig 8.27: N 4.06. |v5 ( FAB)
[06771n z: 330 (M+H)'. HRVB (FAB) m z: 330.2069 (Calcd for

[Refer@@éﬂzﬁm%mo@peg) 30 IR(ATR)V: 3066, 2976, 2933,

Z §ﬁ*5~&§§§piﬁ§?§zé ﬁéﬁtane—?—

dect ed to detern1ne t he

[0678]
&) o]
j_\,.u\ok A,
[oe79]

To a solution of tertiary butyl (78)-7-methyl-4-oxo-5-[(1R)-
phenylethyl] -5-azaspiro[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 mol/1
aqueous solution of sodium hydroxide (300 mL), and the aqueous
solution was washed with ethyl acetate (350 mL). To the aqueous
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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configuration of position 7 of this conpound. The
results were as shown in FIG 3. After collecting the
data, initial phase was rege4ved by 5 direct method,
and refined by full matrix |east square nethod. In
the refinenment, anisotropic thermal paraneters were
used for the non-hydrogen atons, and hydrogen atons
(300 mmexezpl acEtk idgrgalyllaled wosivdgnsd ivitlhevater (200 mL) and

satura&?&rghﬁégg§ %gf?§188n89uggdb@ﬁ EH@O?§¥Q"?i6meL arDeR dried

configuratjon o one as rIC
with a%%yﬂsﬂu&osa@bﬁmmag £ABSn. t%%s%?EY@nEoﬂ?ggﬁ?ﬁPVﬁﬂ by
distilbéitite otfier msgurmedrpressardon Ttlomna herkefidre, wvamsadded to

the re§§&§%n1Qﬁ§ Pasedi pputbeyabsel-ute uﬁ@@@'?@&@&é@anESEBEe The
rLc, car n a u S

restaug (o SSHIBRRRA LS AERPESr o (6, RED UL tBn ShEraaf °fpo m

was add¢d| for coapoyintabbizahien detBraripiar inl L gd)solk was washed

with h@ﬂ@ﬁéQUIQQIﬁD of agd 1&rsefi @sdef cefpoesndsrpseducetobybtain

20.48 % %Qaﬁ aEJF\ggg (?E' ?%ee?g%%%%‘teg@ggguﬁ&eﬁﬁ% #h$Pe solid. The
produc¥7E§S7u%%@hym Qh%x%ugs?%E?§tpﬁEﬁ9l@%F?IT°5f3§5§$¥ro[2
purifiddbephane-7- 20 carboxylic acid [0678] p~ Oa,,,.

[068010~ CH [0679] 25 To a sol ution of tertiary butyl
(7S nmet h
"H-NMR p(ﬁ*éiﬂ/ll"g‘fzhyl CSL% aEB‘i“r o[‘é F)Zﬁ*n%rﬁ%néu?'- B boky? Q@25 (1H, m),
1.08-1(P&. 621, WY, 41.2%0(3Hi nsdi chl B ofdtlhade ¢1207nd)Hz), 3.11
(1H, dIrinUP%O@CﬁilC ackdl (120 &))g Mﬁﬁoaddﬁg)?fspﬂ&sﬁlHﬂ q, J =
C t t m xture was stirre or 2 hours.
7.1 I_Izﬁhe+ rZZac |%n ﬁ:fnlgt Iﬂe was dried under reduced pressure,

- Ms (ESBD mhd: afd% @Hding tol uene (20 nl) to the residue,

[0681]the m xture was dried under reduced pressure. The

[ReferdfS dél,@? $o0{ §§plved in 1 nol/1 aqueous sol ution of
- ers : ﬁ;l/@r% |e(300 ni), . and fhe ugo sol ution
(78) ﬁ'pl'!' -- 'v ~ -n-lﬁn _ '!'- P 2 ﬁ h y e aqueous

azaspli@b@rﬂ@%}@h@l@l@d concentrat ed hydrochl oric acid (25 nL)
[o6g2to pH 2 to 35 3 in an ice bath, and the m xture was
extracted with chloroform 179 (300 nL x 2) The
organi c | ayer was washed with water (200 nlL) and

0
D
0 : 0~

N —_— N

ge O

[0683]

To a solution of (78)-7-methyl-4-oxo-5-[(1lR)-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, 149 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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saturat ed aqueous sol ution of sodium chloride (100
m.), and dried wth anhydrous sodium sul fate, and the
sol vent was renoved by digdg!!ation under reduced
pressure. Toluene (20 nL) was added to 5 the residue,
and the m xture was dried under reduced pressure. The
resi due was suspended in chloroform (20 nlL), and

was Stlh:@é@f‘q_r.(%@pd'ﬂ-]) patas addrdcl @brr eChystkal bhaawhear Theo mL)

was add%rdecc'ép o 5l %&OY\ﬁﬁ%ﬂedAf%&hwa Kane &%gﬂ g‘:hyl
er reduce pressure too tal
acetater (£ A \}&) TS /thh @ RIHAUS SSHpSiR & st ide

(170 mITheral0 gpidedudio Wi wSRrAus tﬂwauktseqﬁerﬁt tst de,V\/latﬁd ridie
solutldc(ljluDga@;erext@érdtfédﬁh't‘?ﬁ +d10R8Y ( OM‘?M%(( 400 Mrze organlc
Layer wARSEERES (5 ﬁat%a%f(d%ﬁsu@ﬁus pigtisy o 'spiup 5
chloridez){103, 1) 15 a(nﬁHdnj,edJ watip a(ylns_,@roqg; @pd(lm splipte. After
filtrati® Hzle £5.1%2atFHwa® cbreentrhddd) unbedBraditddldressure
to obtag}g 1”:/358(%(8)' o 4 fmm%% Mrihe il 088 HRRER &S pale

yellow er-é)y PI%% 7- RBEhPFOduE%0¥as| LERL- pReR)PeFHFFABENt step

with noaZfaspuihea| 2u4lifdptaner].0682] O NHZ Jk N O N 25 [0683]
[0584]To a solution of

g é 7- nethﬁl-4 0X0- 5- phenylethy
"H-NMR 4488 piHz} 2C ?Ee)pﬁé?iw7 aP ofy’Ec (& d “%)20049 ~17404 (2H, m),
1.08 (3#nols) ,aid 53di{3henyd pospord éIZdol @ .82 ddH,17.6In=, °.6 Hz),

3.27 (181. &, myol) J. 1 welyeme 5620QH,My),, ot H et.hylmyi,ne .(120.77.37 (5H,
m) . ; 149 mmol ) was added, and the mixture 30 was

stirred in an oil bath at 125C for 1 hour. The
[0685]reaction mixture was concentrated under reduced
[Referepices gamplle altodi n the crude product in the form of

(78) -7 a(:i'e'r%‘l‘?aw %h%oﬁcia%o%ﬁ%ﬂl\ﬂdj g AheerMde pragyct in
1 s

L orm ol dl] OCydandate T I 4-droxane (J.tsu m) ,

1 -59873 SCated 35 hydrochloric acid

£0686](90 m.) were added to the m xture. The m xture 180
was stirred in an oil bath at 50C for 1 hour, and
water (200 nL) was added to the reaction m xture.

After washing with ethyl o
NH, s <
_ M€

/J\© /T\@ | Ik

[0687]

The (78)-7-amino-7-methyl-4-oxo-5-{(1R)-phenylethyl]-5-
azaspiro[2.4]heptane (15.8 g, 64.7 mmol) was dissolved in toluene
(82 mL), and a solution of 65% (by weight) solution of sodium
bis (2-methoxyethoxy)aluminum hydride in toluene slution (77.6 mL,
259 mmol) in toluene (6 mL) was added dropwise in 15 minutes in an
ice bath so that the inner temperature did not exceed 70°C, and the
mixture was stirred at room temperature for 10 minutes. The
reaction mixture was cooled in an ice bath, and 25% (by weight)
aqueous solution of sodium hydroxide (100 mL} was added dropwise.
After quenching the solution, the solution was extracted with
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acetate (200 nL), 10 nol/1 aqueous sol ution of sodi um
hydroxi de (170 nlL) was added to the aqueous |ayer to
pH 9 to 10, and the 5 sol ujgpn was extracted with
toluene (200 mL x 2) . The organic |ayer was washed
mnth saturated aqueous sol ution of sodium chloride
(100 nmL), and dried wth anhydrous sodi um sul fate.
toluendf (€35 hi) { r alieObrddit J iladyeat s wvaaonreentirtat et tindated

aqueou%egﬁfg 18£e§§ Sﬁlﬁﬁ 8$ 8%%d 5 fO@ &ﬁf aﬂanﬁi f@r%h@utyl

oun ow 0| pr oduct

dlcarb%?%‘é%cfl%% Gisell i ‘?’P@l)su‘ﬁ%%q‘%@‘?ﬁ € WigArten mixture
was stirwedesnt poodhi catperatiDE88dr 1|—h¢1&z€€(4@®dm—lze Bt was

removeg}tg Qt 7@191: 7t§n (@I'f!iem red@c@@ ré@sﬁig@. Mhe ]ré.)ﬁ.due was
lFlz

pur £33y od 1565 o qbim, eyl g2 (R dy Teane -
ethyl dcdtdizg, &:104-7.4370 (B5Hi:1M to[ 6688Lin [Refegerd%) of the
title ERAFPLEG 1d0]a (dSoriddertiahyparent syrup substance.
[0688] but oxycar bonyl am no) - 7-nmet hyl -5-[ (I R) -
phenyl et hyl ] - 5- azaspi r o[ 2. 4] hept ane [0686] ONN i
'H-NMR [(@@87MH2E THE1;)0 ppm: 0.37-0.49 (2H, m), 0.62-0.68 (1H, m),
0.77-0(g8) ¢t amno-T7-pet b3 - 4e oxot 53% (R} phenyl etdhys |HEy, 1.44

4 5,8 @, 36 | $7 d z
SRS nS Lot 3okl R oo e

3.27 (b i oh DfGS%ol'%)m bHist 2 netn 'etrﬁ)ox um
7.34 (%drmde in toluene slution (77.6 ni, 259 nmol ) in
MS (Esjplrypgle (6 1mMvmps  added dropwise in 15 mnutes in an
[0689] 30 ice bath so that the inner tenperature did not
exceed 70C, and the mxture was stirred at room
[Referqmeﬁﬁm@@fﬁlho m nutes. The reaction mxture was
(7S8) -7 €ord et dny aﬁu&%bey&mtrr]ﬂs%nﬂmlndﬁ%@( {'bynew)ﬂilghw— dgqgeous
t I um hydroxi de (100 nlL) was adde
u%vé@geﬁéa/’-@é{)er guenching the solution, the solution
[0690}yas extracted with 181 tol uene (135 nL). The organic
| ayer was washed with saturated aqueous sol ution of
sodi um chI oride (100 m.), and di-tert-butyl
d|carb te (15.6 g, 71.2 nmmol) was added. The
m xture was stirred at roomrtenperature for
, and the sol vent was }N{—ﬁ%

azas_plﬂ?

N

fJ\I::] N
H

[0691]

To a solution of (78)-7-(tertiary butoxycarbonylamino)-7-
methyl-5-[(1R) -phenylethyl]l -5-azaspirc[2.4]lheptane (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]
H-NMR (400 MHz, CDC1:)8 ppm: 0.38-0.43 (1H, m), 0.54-0.61 (2H, m),
0.74-0.80 (1H, m), 1.08 (3H, &), 1.44 (9H, s}, 2.75 (1H, 4, J =
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5 renoved by distillation under reduced pressure. The
residue was purified by silica gel colum
chromat ogr aphy (el usi on byjfexane ethyl acetate, 8:1
-34:1-* 1:1) to obtain 18.0 g (73% of the title
conmpound as a col orless transparent syrup substance.
[0688] 10 'H NWR (400 MHz, CDC13)8 ppm 0.37-0.49 (2H
7.6 Hz)), 207§§(ﬂ{a8d,(lﬂ_n') .1 Bz 7-9, 82 (]gIH-L @) ,J 1= 201 (SHiz) ,
S 1.44 (9H, s), 2.46 (2H,
3.73-3 90 ;ﬁ e s’ H- S AV (1H d, J = 5 5 He) .
MS (ESPlPiﬂ 7. $27 6MeHly, 3.31-3.34 (1H, n), 4.71 (1H s),
[0693]7.19- 7.34 (5H, m. 15 M5 (ESI) mz: 331 (MtH)'.
[Refer% @é%xi & eee Exanpl e 111] (7S)-7-(Tertiary
717 X 0 2 z?Eth¥[f _‘-z%go{r2£2 4iq§péf.or0 1-
[ (1R, 2%)o+21tfbmm03(<738)19170mﬂe}1$aﬁ@thﬁxl/c‘hT ; ’lmnfho) 7-
oxoquirddl I hl cdribdHR) r@heiyd et hyl | - 5- azaspi r of 2. 4] hept ane
[0694](18 U0 g, 54.5 mmol) in methanol (180 nlL) was added
10% pal | adi um carbon catal yst (water content, 52.8%
9.00 g), and the mi xture was stirred at room
tenperature for 18 hours in hydrogen gas glnnsphere

and in an o bath at 40C for 5.5 hours.
~NEBRSY i g 8PBFst , 30 the sol ve qgﬂ under
ative) of

reduced E’g;s e to obtain 13.4,.9~(
N the crfideTt aflget compound as a igg%e SQhd P- . [0692]

H 1H NVR (468epGF, CDC13)S ppm 0,36:0. 4 ) ,
054061(2H m, 0.74-0.80 (1, "m, 1.08 (3H, s),

44 (9H, s), 2.75 (1H, d, J = 182 7.6 Hz), 2.78 (1H,

[06953d J=7.1Hz), 3.13 (1H, d, J = 11.5 Hz), 3.73-3.77

(ﬂgi—TﬁctekﬁﬂhﬁﬁiﬁuﬁﬁxydﬁiﬂdﬁyDamﬂﬁb)éﬁthﬁWYﬂJS—
azaspiié%%ﬁﬂ}heptane (13.4 g, 54.5 mmol), 6,7-difluoro-1-[(1R,28)-
2-fluorocyclopropyl] -8-methoxy-1,4-dihydro-4-oxogquincline-3-
carboxylic acid - difluoroborane complex (17.9 g, 49.5 mmol), and
triethylamine (8.97 mL, 64.4 mmol) were dissolved in dimethyl
sulfoxide (52 mL), and the mixture was stirred in an oil 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 solid were added a mixed solution of ethanol and water
(ethanol : 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%
agueous solution of citric acid (200 mL), water (200 mL}, 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
residue was dissolved in a mixed solution of chloroform and
methanol {chloroform : methanol, 9:1) (100 mL), and after adding
gilica 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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5 [Reference Exanple 1121

7-1(75)-7- Am no- 7- et hyl - 5-azaspi ro[ 2. 4] heptan-5-yl ] -6
-fluoro-1-

[ (1R 29)-2- quorocycIopropy?? 8- met hoxy- 1, 4-di hydr o- 4-
oxoqui nol i ne 3-carboxylic acid [0694] 10 O O NHBoc
FCOOBFZ F , COON + FI NHOw F OMLF H N M

to dryﬁ@§§5]'iﬂe‘ﬁégﬂdﬂ%(ﬁéﬁtdeSblved in concentrated hydrochloric
acld q@oﬁﬂggigogélﬁgén§gt% ngégy Eg¥£8 ﬁE éﬁéé)ééﬁggkggﬁre for
30 mingtepyor Tl [ HBEh 02 | Waski IR (400
mL x 5) ne-Th cat hicey |baxtaciih -madi f1 lEqurtmxsarmahmm:emi( Isod@ium
hydroxgde4@ Qa?éa t@nghetéﬁﬁégMgaﬂh Qr(goggdgﬁ t6éhé ﬁﬁnf% 11.8,

o o et et Ten 28 I cahifRic ok

The sohouien Whe ezeamq:‘gﬁdnbxt@d@lMsclpbgr@ﬂormt éleﬁpdmwazceﬁ) The
organlgoléﬁgﬁowﬁﬁ)drﬁéd &h@hpéﬁﬁt@tbﬁéegoé@hmdsM@§a§@||§ﬁﬂeﬂhe

solven%gy%%:gratlo t%%Tg EE&%léQ M%&%ﬁaggﬁgcgdn%§ggsgr? The

residug 188 ey bhdcd r Pyt AGFAPRRl{izaRien AREM( AEhaRPk uf‘%d the
crystal@swéeat @di eddendeef teduiod ﬂréshﬂnestoThbtaEaclsoﬂ g (79%)

of the ?%%‘%Pée %:ff?%;‘ol 51@?% B e L150 T
S S EE L
product( Z@Qrmyul Wt etvn%z@@em;) wra]ndths atatatefl the e@g@pound
producé@lyﬁlma@ﬁléogh umrpiawéldaadﬁém o thie qongsirtte
nas. dri ; Mﬁth 9% Sc sodlun1 Eia&gheéggné g_ vl

derlva%ﬁ%%%n lngrem)ve Y12t F 60 an n
group, ples sgivEnopree 3@%&@%@@%8@%@%@%@ Efﬁataph?x%dwhlch is a

compours®| wi t 10 Dfh cidofof oy thanda PeshasplrdChl ofbéptane-5-yl

group ?ﬁdﬂﬁyeﬁ 2 e 1+ 4100 1 c 200 @%f?&ufgg 88 a§'#b§§t9§ﬁ 7 is

e mxture was stirr our
(78). removing silica gel by filtration, the mixture was
[0696washed with a nixed solution of chloroform and
[Test Egg l1{chloroform: nethanol, 35 9:1) (50 nL x 2),

BIF AR TS e SO e e, el AL 48 ror
their WWWTF@H@ %ﬁ?eiv?(tznoa%qrqihnant@ciéh%a%ﬁan%vad method
defined by rEthates®0fn ¢ bapPeraf ullteiotherapy, and the results are
shown in MIC (pg/ml) in the table, below. In the table, MIC value
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 (LVFX),
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 1is LVFX-resistant MRSA and S.
pneumoniae, J24 is penicillin-intermediate resistant bacteria.

{0697]



30 mnutes. The reaction m xture was washed wth
chloroform (400 nL x 5) . In an ice bath, 10 nol/I
aqueous sol ution of sodi umgghydroxide was added to
t he aqueous |l ayer to adjust the pHto 11.8, and the
pH was further adjusted to 7.4 by adding hydrochloric
acid. The solution was extracted by addi ng chl orof orm
(1000 mL x 3). The organi g |ayer was dried'Qgth
-anhydr ou jogm sul fate, dnd tdag sol vent wag rqﬂﬁﬁed

] iy

gt 1 on under pressure.

A ) i
H's) ' w‘ puri fd c stal li zatN, N
ﬁanqjm&nd the ¥ &ryst s e dri ¥ rleduced
iessur ebo obtaiyn18.5 g {X80s) Me e titT eme

conpound as a pal & pi nk powder. ' H NVR and other data

MFIE¢ om i nst r unent @AmPaREE FaPrROut! t hi Isﬂv product were fully
consistent with the data of the conpound 15 produced
in Examplee 9. In other words, of the quinol one

derd vati ves doowi N9  F COOH :

7-am 7-fret hyl - 5- aza. 4] hept ane- 5-yl  group,
Me\[t’m OB+Tad-one derircfé’trd &-0esCri bed in Exanple 9 which

HN.S Ja amenfpound wirny_MHi gh aﬁivity has a

5-azaspi £0[ 2. 4] hept ane-5-y group in which the
gTRst er eochem cal cordprguration at position 7 is 20

(75). [0696] [Test Exanple 1] The conpounds of the

[0698]present invention were evaluated for their
[Tabl@ntijbacterial activity according to the standard

nmet hod 25 defined by Japanese Soci ety of Chenotherapy,

and the results are shown in MC (g/m) in the table,

below. In the table, MC value is also shown for

noxi fl oxacin (MFLX), Conparative conpound 1 which is

t he conpound descri bed in Japanese Patent Application

Lai d- Open No. 2-231475 (Patent Docunent 2),

| evofl oxacin (LVFX), 30 gatifloxacin (GITFX), and

ci profloxacin (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. pneunopniae, J24 is

penicillin-internedi ate resistant bacteria. [0697] 35
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THe GOMPIESS | PXYINEH] &, EXPP RS 2/ P o’i@sir\Pn?ﬁn ‘ehe [present

invent NN wara Ovdluatddi. byGhou$ememe+m£rfbﬁﬁm£bfbﬁheleﬁB Dest by

using @ &hfﬁéﬁg PV§r9ﬁ§k@f66gw@bQ—Ql@ §10:840 & Cich, Oand the

compoundg, ¢ tueen iy b bmel {1 Npdhiyslofoq Safpballpf, o
controP. wal® nd M ' tohy In IOH ) phys g icad . satlnﬁnglvent)cand the
p051t1¢b ébﬁ%r@lVWé%réyéiéiﬁﬁéﬁhihﬂd@ Peycl®phodhami@e P gpy

aissorfeind & fued 1 phystlotenl falige "l BdpulTdy were

sterilizediGy of Bltéring EEhioywgly Md bed §S thl\':ﬁf%o. 03%2 gm) . dgach
solutidh mras SR r&sFencusty aidilistereddab aadése ©fox0dmb/kg in

single: d & ﬁ%ﬁ%ﬁ&&&f&e&%%%#ﬂBML’>

orgor ]E;@ e Fiﬁ/g O %h n aaztghour
g AT R 8 Prnyi 2. s
after the WAMMW186raf 0899]afidestedR gppepapdtion was prepared.
After staining with acridine orange, 1000 polychromatic
erythrocytes per animal were observed under fluorescence
microscope to count frequency of micrronucleated polychromatic
erythrocyte and ratio of the orthochromatic erythrocytes to the
polychromatic erythrocyte in 1000 erythrocytes.

[0700]
No significant difference in the micronucleus 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 mg/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 vivo
mouse bone marrow micronucleus test used in evaluating
genotoxicity, 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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The conpounds produced in Exanples 2, 3, and 9 of the
present invention were evaluated by nouse bone narrow

m cronucl eus test by 5 usigg 5 aninmals per group of

6- week-old Slc:ddY male mce, and the conpounds

diluted with 0.1 nmol /I NaOH physi ol ogi cal saline. The
control was 0.1 nol/| NaCH physi ol ogi cal saline

T et sﬂnﬁbﬂahﬁ:ep.ﬂﬁtd»ﬂkﬂ Hdwini@sered to fasted rats (7

week O%Xﬁﬁ?? I#Hu§§SI&§O I cal %ﬁ%%éﬁi&{ga Cﬁ%€§@%g§gvl

Laboraipietes Q@be'y ?IFCFt)er"ﬁ]gatCH?% ot VP IRk ]‘E% filter (0.22
A imdBas o f sabadipn ovast éstt renmomus) yaradm s gter egireuipla were

sacrifH0SE %}‘; l}fééﬁfr@ ﬁﬁeﬁ'é@&%&ﬁ 20 @dm nigtsatiom, 4,

rate .2 . marrow cel Ieted
and 8 TGWR CH G oM SIS AN S U 7 RSt « ST o
kidney arahd nibarg m@{farmllﬁcm pThgatdeod asf entatifiugasy (3000
rpm x M U AsFddi necor anger LOGRUARIMTN @Rl 1 LIty IFUReYT €%issue

er _ani | r_fl res.
wes noiof L0 S A TSy 40 FT e poenace
buffer p&wc?w@matqrafi @?ﬁ;,tfﬁmﬁmaé:% wat | P bieged from the
homogeﬁﬁ@ommpr@ serys hinoas, toodyhe  pol ychromati c

Jn;soceyf oldt é&% qraddr, Kz 325911{1105?@50] MO group) were
S] gni

I Ca erence | nlcronu US | uctl on
placed iy @ W#Wec oA S0 LU £ UL &
24 houwsim fiiest rtdie cringrolpsragfion h@&:mblm@t@ﬁ Examprator ggooled
contalr?e:.dosgl%l%gn%%sl% wm/hk@:net Re 1 12dHiRirs gfatyHeN 1griens the

cage w1 SUBRUAG B Al & 2 atp 05l PorBri
buffer carfpolify d?o csa(]alrﬁﬂfe @%tU%l%s%ttac qpothengpdaso For

evalua‘d‘a)irkg:f adsh U el sladh e g lasmbtomide ne@m ivellémted sample

was al q/glﬁlll]eaIPr adlcS‘LYI?E‘t(anl mol/1
aqueou R as Y “Bakﬁ%W e E&%ﬂﬁr%@é%%?.%ags

neutraBlzenotwxitit ywolhid hbrediorer ihiaply sed ereaggrad|for its

concem{ﬂ—aﬁéﬁtorﬁx amplet c3hcthe ra@TRAURGS #RSGHIreed byn 1My IMEs method.
3, and 9 of the present invention were eval uat ed

[0703]for concentration in blood and_ 35 other organs after
RheempfiakHinatrigt i ase e mloddifuredds e ribept were
calculdeddwy TtheonCarparainey e omrount] wes afsoagy atoatentbytion by

using ﬂﬁ]aeﬁn?fé‘@( etglﬁlfadl#&@)?s]o ﬁi%?aré”l@szﬁ@séP SRS tiAdEEcebnc . )

nlst fasted rats (7
in a manner not epen ent on the model animal.

[0704]
[Table 2]
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week old male Crj:CD IGS rats purchased from Charl es

Ri ver Laboratories Japan, Inc.) at
Animal s of absorption testygyoup (3
were 5 sacrificed by bl eeding unde

0.25, 0.5, 1, 2, 4,
adm ni strati on,
were col l ected.; The bl ood was centrifuged (3000
15 ni nut es,
Ti sgue
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and bl ood, |ever,
4C) after coagul ation t
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| phosphate 10 buffer (pH 7.0),

supernat ant was coll ected fromthe

rpm
(3 9

wa
gof |ectF .
%i 81 agout 15nE o6t 0.

Comparative
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Example 3

Example 2
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ZH0

0. 75H,0

Hydrating molecule

RO

X 15 minutes, 4C). Animals of e
ni mal s per group) were placed
, and the urine of 0 to 4 hours
r the adm nistration was coll ec
r-cog%ed é? cggtainer. Si mul t an
ect¥oR of ftheRirine, the eage
b hol' 1 gh&p
to collect the urine attached
uation of conjugates such as g
ected sanple was also aliquote
an equal anount of 1 nol/l 20
umskhydr oxi-d Zand £he hydr el ysa
0.5 ol / € Hydt ochff oi € acisdl gn
entration. The concentration wa
5/ M5 nmet hod. [0703] Phar macoki
each drug in rat were 25 calcu
course of the average concentr
maggkenet Lecspgl ysi sesef t war e P
-+ ra ngneers notgl dgpendent gon
4] [Table 2] 188 Oto c os Q
or : 3U0O0CGCs as Cd (V ™ of

1.03
1.85
902
8 83
347
17.1
7.38
24.5
47

15. 4

0. 67
1. 31
10.2
7.78
2. 46
7.4
147
8.07
25.4
26.6

1

Cmax (eg/mL) (0. 25h)
AUCO-8h { eg-h/mL)
Liver
Kidney
Lung
Liver
Kidney
Lung
0-24h
Recovery (%} including
conjugate

Cmax {e/e)

AUCO-8h (eg-h/mb)

Serum
Tissue

a dose of 5 ng/kg.
ani mal s per group)
r etherization at

and 8 hours after the drug

ki dney, and | ung
rpm x
D col |l ect serum

j 3 to 5 nL of 0.1
and the
hhonogenate (3000
kKcretion test group
n a metabolic

and 4 to 24 hours
fed in a

pously with the

hvas al so washed
hat ¢ buffer (pH

l 0 the cage. For
icur oni de, the

d and hydrol yzed
aqueous sol ution of
e was neutralized
0 neasured for its
5 nmeasured by

heti c paraneters of
at ed by fromthe
ati on by using
SAG- CP (AS Medi ca

t he nodel ani nmal
5111 NC N.>
c6 N ENCOCOD

to the amount administered

Recovery (%) in urine in relation
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By repeating the procedure used for the rats, the compound of
Example 9, comparative compound 1, and MFLX were evaluated for
cynomolgus monkey by using fasted female cynomolgus monkey (3
animals per group) which had been administered with a dose of 5
mg/kg in single dose, and measuring intact compounds in serum and
excreted urine. The measurement was conducted by LC-MS/MS method.

[0706]
[Table 3]

Pharmacokinetics in cynomolgus monkey

Comparative
Compound Example 9 compound 1 MFLX
Hydrating molecute EtOH-0. 5H,0 HCE-HO HC1-0. 6H0
Serum - Cmax (ng/ml) 218 084 1.03
11720 : 48 50 53
AUCD-24h {1eg-h/ml) 16.9 LN 6. 64
Recovery (%) in urine in 1-24h §1.3 25 8 g1

relation to the amount
administered Recovery (%) including 50.5 329 12.2
conjugate .

[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 92 exhibited
a serum concentration and a tissue concentration by oral
administration which is about 2 times higher, and an AUC value
which is 1.5 to 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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0 189 [0705] By repeating the procedure used for the

rats, the conpound of Exanple 9, conparative conpound

1, and MFLX were eval uatedi§@r cynonol gus nonkey by

using fasted femal e cynono}gus nonkey (3 5 animals per

group) which had been adm nistered with a dose of 5

nmy/ kg in single dose, and nmeasuring intact compounds
pharmaddk 518t pEXET &5 eﬁ'otlrblﬁlgy Tes MegBalr epepiesdisut in more -
Fhan Oéﬁ QH? g C>QB/NB nmet ho [0706] [Table 3]

i'tS in cynonol gus nonkey Conparative
[0708kbnpound Exanpl e 9 conpound 1 MFLX Hydrating nol ecul e

[Test ExLHO1SHZD HC HO HCl . 0. 5HZ0 Serum Cmax (ue/mL) 2.18

L e T el

2anini SRR 19 MHGHIM S ST E] FERPTOLRYry (95 method of
Ueda et nzl udi®gr 5975 Eﬁﬁﬁmd@pz 109ton| 2lga? @5 T 2597 The test

substa@@@%&@tlﬂtf%%i@feﬂ@éﬁl Pf 2 dhen BEF e € oS B T AL $ DA ddifemice
sue concentr 1 On (0] u
(s anid B 5T I Fortod it o S RO el o

momtomn%% R FaTe aeantbl é%évum%%ﬁc%ﬁ%%t%% igistration.
The tedt SSUSs€NESNFLAld DfsdWvad aln 51 npStratd@uess cdoisvtion of

lactic a&;é 2a111é hchc.gsherWa$F%ose of V%W%ﬁnirﬁaf‘ S

Yher- T han ative
[o 09](:orrpound 1 |nd|cat|ng the excellent oral absorptivity
[Tablana@d]ti ssue penetration of the present conpound.
Excretion rate in urine was 20 about 1.5 tines higher
than that of the Conparative conpound 1 indicating
the excellent urine excretion. The data was even
superior in cynonol gus nonkey, and the bl ood
penetration was about 2.5 tines higher, and the urine
excretion rate was nore than 2 tines higher than
those of the Conparative conmpound 1. 25 The conpound
of Exanple 9 and MFLX exhibited simlar
phar makoki netics in rat and cynonol gus nonkey.
However, the



Number of mice which showed convulsion

conpound of Exanple 9 exhibited significantly superior
bl ood penetration and urine excretion in cynonol gus
monkey, clearly indicatinggjhat the conpound of
Exanpl e 9 exhibits excellent 190 pharnmacokinetic
properties not only in single species but in nore
than one ani mal species. [0708] [Test Exanple 4] 5
The potential convul sant activity upon intracisterna
adninistration to nouse was eval uated according to the
#etihedl €f € Ueda et al. (Eur. J. Pharmacol., 1979,
56,[265-768). The test substance was intracisternally
adm nistered to nale Slc:ddy mce (6 animls per
grqup ), and the convul sion and death were 10
norfitored for each cage until 30 mnutes after the
adm nistration. The test substance was dissolved in 5
f 1$_agueous solution of lactic acid, and the dose
S 55 or 50 g per animal. [0709] [Table 4] 191
.- MaD XSO00O ac 0 E 0 UcOtD(Dj OO
C 2 0 OU rn m OONiIi\O

X_

(n

—
e

Comparative compound 1 () X< %L
0/6
V6
0/6

Example 9
0/6
2/6
6/6

0/6
2/6
6/6

Example 3

Example 2
4/6
6/6

5 g/mouse
15 ug/mouse
50 weg/mouse
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E VO N E Z 192 [0710}gdhe potential convul sant

activity upon intracisterna? adm ni stration to nouse

was al so eval uated for the concomtant and

adm nistration with 4-biphenyl acetic acid (BPAA. an
[0710RCtive 5 netabolite of fenbufen) and in the absence of

uch_concom t an .00 S ion. '
Wk u%%%‘é'@ﬂ%%%é%?#%@%?’%ﬁ“ﬁﬁ%ﬂeg?1
adminighrabignpe BPeEP)vandainerattieeiadl For BRI APRFERihgnt and
adminitbeat esh sibstancepaéngl dasetbé &chdS (BPRBusen active

metabo¥%€é¥ﬁ£tfegbé%gﬁﬁcgﬁ& agi the Mpitering efichhecARLIRESnt
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 ug/5 uL/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]

The compound of the present invention exhibited a convulsion
inducing frequency at a high dose which is higher that of the
comparative compound 1 but lower than ciprofloxacin (CPFX) which
are widely used in clinical practice indicating weaker convulsion
inducing activity, hence, higher safety compared to CPFX. The test
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0O U WJ[07121 The conpougg4of the present invention
exhi bited a convul sion inducing frequency at a high
dose which is higher that of the 5 conparative
conpound 1 but | ower than ciprofloxacin (CPFX) which

of cond@bfi tvudie! Yaksetst Fa €l bii Bt h PERE b Cehénl Caté Hic week@rwhich
is theﬁ%ﬂ%% é%gt%plndUCIn ﬁ% é@%&nf&?fgtlgﬁg@?{hséﬂgtfenbufen

est concom

also ingfigaied righe WW*#Q%@%?%%@f BletPEesRRY GPMRAUnRG gsince
no casd hef nestelubéidheor ot twa Bolmhdi 861 at honcompdundeort

Examplef: e@% ad S6h L3t edh & hee £ éfé‘tné\?é@t YnOfnd he
Sl 0]

resen conpou nce , no case convul si on or death
admlnl%ﬁﬁ@?%ﬁﬁup o IRFRE LRt of 5 Exanpl e 9 whereas
[0713]convul sion and death were noted in the adninistration

[Test ggaﬁﬁfgcgjoxacin. [0713] [Test Exanple 51

Guinea pig maximization test (GPMT) which is a widely
accepted model for delayed antigenicity was conducted according to
the method of Mugnusson et al. (J. invest. Dermatol., 52, 1969) by
using a cutaneous 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,
vagseline) (1% solution in physiclogical 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

O
0

the score being 7.
[0714]
[Table 6]



Qui nea pig maxim zation test (GPMI) which is a wdely
10 accepted nodel for delayed antigenicity was
conducted according to theggethod of Miugnusson et al.
(J. invest. Dermatol., 52, 1969) by using a cutaneous
sensitization concentration of 1% and a patch
sensitization and induction concentration of 100. At
day 1, the animal was sensitized by cutaneously

adm ni stering the test 15 substance (the quinol one
conpoynds and the control: vehicle, vaseline) (1%
soerion in physiol ogical saline + FCA enul sion) at

t hedb ck of the head of the shaved guinea pigs (7 week
ol d= S c:Hertley) At day 7, lauryl sodiumsulfate
(Sh@) ma§lqpplled for stinmulus (adjuvant treatnent),

t he®™next day, the test 20 substance coated on a
wax paper was patched _onto the shaved skin to for
sensitization, and after 48 hours (at day 10),
xed paper was Fanoved. The skin reaction was
obserYed upon thex red®val . On day 22, the test

sulgst ance: €10% WBS pat ched onto the anterior side of
t heSbgdy f i ndugtion, and the induction 25 patching
was_r ¢nmoved after hours. On the next day (at day
24)= and the nek day 25), the skin reaction
wasgeval uated ac ing to the description of the <
docBnmgnt as nenti above. Erythema and edenma were
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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
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0 0 Na) 0) Wa) [0715]gg The conpound of Exanple 9
was confirmed to be GPMI negative (score, 0) . On the
ot her hand, Conparative conmpound 1 exhibited a 5
score of 6.8, which is alnost the highest score. In

bronchites W { requently 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
described in Biophysical Journal, vol. 74, page 230, 1998.

[0717]
[Table 7]

hERG-K* channel blocking effect (1)

20

Hibitic " |Comparative
'ﬁ%m Example 2| Example 3 | Example 9 |gompound 4|  MFLX GTFX
30uM 38L21 53141 74145 6.7L£8.3 33.9+8.3 8.1+60
100u4M 85112 12.0+4.0 10.2-L5.4 135+31 | 4461102 ; 176115
300uM 18.2+4.2 223107 201+74 | 2482165 | 69.9+8.3 | 39.0£108
n=3 '
[0718]
[Table 8]
hERG-K" channel blocking effect {2)
— I
wgm Example 8 | Example 22 Example 20 | Example 25 | Example 23 | Example 27
(v]
130uM 1.5+18 -1.3410.1 14145 20£7.2 3.0+4.1 -1.81:8.8
100 eM 21+23 06179 85+6.1 42179 4647 0680
300eM 23173 21569 145+60 | 17.1£144 | 167184 89+11.0

n=3
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manner &ﬂé};ﬁ‘é‘rﬁcﬁéﬁ’@ i €the |§réﬂhkfl§bdﬂi¥1@m t fhe canid cianeli dguam and

concen%é’gﬁo geéél a PLP! QT9 0L NG s | AL £ Vflllﬂ.lbltlon

ecen een repor as a side effect of
even whgn &Fh ea%n%|¥%ﬁ%{ﬁ?¥ﬁe%ﬁﬁﬁﬁlﬁﬁs conducted by the
[0721]wethod descri bed i n Bi ophysical Journal, vol. 74,

3968 220 ond G Lol Ty NBRC feughametact ion by
nmpa V
the cYREoniEPufon: and drelBin TR WHOM I g §ih by

generatsi@y. af 7a M@J@e 7@0@1\% ot 3tlge mettrbabbre . Bhe 2
concomilZa®d. Prdd. whe tide S8rH, dhdldhe drhBdit fon 300/ thd

ncr 8 A o A R Sy 2 o

concomygny rfiﬁlaﬁ tY o BRRAPIEN 8 B ARP B EE&%n‘B%et %’(%nm e
irreve2biEka el %ﬁarqu@v@?sﬂﬂ)@l\ﬂ,ﬂhﬂil@l@ll BdY. ladt 4905 a

substa@tf)a?l épeo’.tf% 1afée18651§3p1§«ﬂ%/| #Zhd ZaBnt @i /e £58. df the
concomltant drug and may 1nduce a serious side effect. BSuch
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 clinical use. (Non-patent document: Drug Metabolism,
2nd ed., Tokyo Kagaku Dojin, 2000). Accordingly, 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
CYP324 caused by the clarithromycin, and prolonged QT interval in
the electrocardiogram, venticular arrhythmia, and occasionally,
cardiac arrest are found. However, the compound of Example 9 was
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300M 2.37.3 21.56.9 14.56.0 17.114.4 16.78.4 8.911.0
n=3 197 [0719] The hERG K channel bl ocking effect
was confirmed to be nmarke weak in the conmpound of
the present invention conpared to M-LX and GTFX with
clinical reports for the action of elongating 5 the QT
or QIc interval, and Conparative conpound 1. [0720]

revealéc:{e@é rEa@éfpé ecl@a h?éﬁ]@éﬂ‘ b\@@ﬁ%véﬂ” whdh ofe M )atofa high

concen ngiur%aala?g%%gjrfgco I nh' %ﬁogor%a%d to the
postulmacrmcce/retmﬁpmw 10393@11%ﬂ é@ﬁ%ﬁ gnithieggfore, the compound

of the ipWedddt OIh\VéhtalorETHim%stdﬁwnﬁo are tdesq B nedibet tlore

greatl)%xf@d@g% b&? %é@mg%ﬁrﬁt%%%%ﬁ é:P&@\?#felﬁeﬁése by the

drug 1@%%%%@%t9%ﬁ ¢ 31 |2 FOBRY o ‘hani sns
[0722]are |nvplved in the drug interaction by the CYP
[Test o, and anong such inhibition, the inhibition

»ﬁuqq%il”%éaﬁcéﬁ?qu& AT SRR e (R e
Streptoehidis iprebyonhre {Efa%lf)l veas orsel tReCTHREy Ehe

therapditith ngr £dct hef nedabadrpeued dheEx2pTone camd aldbmpl rgt ive
the hem or apo-protein noiety are irreversible,

t
Compomyé\c% such irreversible inhibition may |ast fo
BRAR 1A P13 Wraterhad d?ﬁﬁrhgﬂ%arf‘er%lrﬁarﬁ]réfrcd{}rto]nvatEd in
Todd Heo#i it heBraitin o trenda dirywgpdmih hetyeTediuoe Ma berCRAUSTNGYE] mice

(3 to f%@&%o?ﬂmfbhéfi@mﬂ@f %éﬁ%&&’&éf%‘s'@aﬁ&h' ethad.; 4

met a I nhi Iecul ar

animalg RRT I PHR b WéganaPﬁﬁkg?ﬁéanﬁlﬂg}ﬁqﬁegﬁﬂme ﬁi&tiazme mixture.
CompourQYR3AExamp ¥y o vaset | ronbRE ek v of PEpewad 5D IWeFe HpXfbtY

admini Merdde-&rurgid Mg ddd Lo muS@s 1 ( Nedspad eNeTpc e [ dose

t.ab
sroun HLBHAETAE Y0, s o oM PP 1ty 2R atcer
the infeqzienc %Eet%g’%ﬁﬂaé%rﬂa% b Qpsttar AR RARTHY A h?%h 100,
or 200 rm@}k@)fdéq,e)l Nng Unteelaved icond rdrlu gricupe mect iagmirf@tered with

distil Al 6.1~ C# 5§|{ ég@gaﬁ which is frequently used as a

FOSeEt (R o e B R e Lt acery
before ddoainmmg a@drmmnmmozabm:é)thmm%%awd group (2 hours
after HANiAfEOMGH N CONTOMdAM A Ve e tdrd el denasdi ner 5cdatrol”) ,
and on rh“hIStfgn&§§ 5§ éﬁgné¥ﬁ§mgéﬁgﬁﬁgf%£@fbﬁuf@r 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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adm nistration results in the increased bl ood
concentration of the terfenadine due to the
inhibition of the terfenadige netabolismby CYP3A4
caused by the clarithronycin, and prol onged QT
interval in the electrocardi ogram venticular
arrhythm a, and occasionally, 40 cardiac arrest are

Infect{&U%dépV\B\R%rbs t{ve weemp e nefl Examploee (%Dlya(qgses rats,
Charle%fygﬁ%f abora or raII%#%% m$ﬁ§er $Eg if%ﬁﬁ%’that

Coheent a sig cant saf
had beemrifpr et diaert h@o%dél%%li%’f%‘al%c@w rETrARsthetized

with kefdoimalxybe)ine Trﬁfe;t@ims and€E compblinek rain tHE7156 was

M, t S i
cranes O8N VMBS [0 RLES Saa it s
After {1e IS TIRE 1O UG B LR dip e oF 2 hovurs
to themsty @rdéentC\YPBAhafdy 220 tiddmctemipl es@lutvbere and

feedln%‘;‘i@ltﬂ@%ﬁéﬁf 6fdd Osc Ided DympPEidddhd Iy restistamd 10

ept cus pneunoni ae (PRSP) was used to conpare
terming Ip%é C]p Ilp effect of the conpound of Exanple 9

Drug adiwih G sen v eCorRpprl el Exaesie st rant O3usverths
Compouritdl baere anaer Dpi L@hiyi ctdtdd at@gbéat iviely deva tdose of 5,

Y I
20, o A0 AL afP glria Lo MLE SRR e cee
Evaluafiipn -.ofy ¢§4v$ne§§0 the
bladdeﬂ(etaasnmsmml Imemend et tuer ly bmmmimb oirlEgzaarﬁﬂmﬁenQSwmtlon
and on Cl.q{@q{e%ﬂ Ve 1 QP Ok drd@raﬁitﬂi@iéﬁ/ra@ﬂfﬁ Nist@iwes dPter the

ti‘on .nodel t d
infectiqhy 1% JHC SR 4D ko TRy Ch L i Ao the
drug admimrstizride foif doie o?re(aw t EEP YR %WFW%eo%%/ @ jpdex of

therapdélaily ¢fose-tof 50, 100, or 200 ng/ kg/day). Untreated
[0725}cont rol group was admnistered with distilled water

for injectign. Nunber of the bacterl ain tﬂ un
Result qionduPdaribidanit ST BEFORe (e BT SHd AnRaC LRIy vas
found drmry tier whe eatrguburdupt (Rxdmpks 9 Z&mt@netmse was 20 ox
80 mg/ }{é‘/fd%g};' Oﬂ"he'nggl'e%% ti3 g te'i%egfta\ﬂfngtl‘ﬁ?s "l fr ehe
X e drug admn

grou ik the ddr oo b (R Gy G e Loy fpnoer chan
the Conpaiiatsine PRy - bonﬁﬂ@ondlnarld’trt@@té@m%% fpExample 9
was dertStsSdd itslere of ddsapeltvlc: & fectcapd Ol 3E Ieadbizing

therapeq.}/ J'cherl%fgé'c?{% L%EI??LO dé el;rﬁcgea Vi @ﬁﬁgﬁé}éf’&é aompound

he “conpoun np e 9 for the test
1 (FIGbef’c)terl a was about 1/4 of the conparative conpound 1,
[o726]no significant difference

[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 (pg/ml) in the Tables
9 and 10, below. The compounds of the present invention exhibited
superior antibacterial activity for Myccbacterium tuberculosis.




was found between the therapeutic effect of the
conpound of Exanple 9 and that of the conparative
compound 1 in the oral 35 inistration to the nouse
| ocal lung infection nodel by PRSP for all groups
adm nistered wwth the same dose. [0724] [Test Exanple
9] Therapeutic effect in rat sinple cystitis nodel (E
[0727]col i) 199 Infection nodel: Rats (7 week old male
[Tabl CD(SD) (1GS) rats, Charles River Laboratories

nc., 4 anlnals r graqup). .that had been
Anti- Myf&f&)&ﬁ e&l@@ typergplosis (?%naﬁw? ﬁact%rﬂé\ﬁp ﬁw day were

anest het i zeMCird/Mket ani ne- xyl.azi-ne. m xture, and E.

Strann;‘cr:;ﬁ‘\‘?.»'oljm§1 Egdniplels’ 7 RFP A@Sm&rﬁtﬁ:@&ﬁﬁﬂoﬁﬁﬂ ally inocul ated
107 CFU rat.)..i-n-the.bl adder..... After the

TB- aém ni st r&®8é on, 0Wet hral oPil?3 ce was cl osed for 2

TB- Bgurs too_lbehere@yzap event di1s$harge of the bacteri al

Futi-orm; d-fegdingof water was started
TBglgmllf nnq\?léc‘ll \I 3\31.%6!1 fhn fér[??ns nn+= on of Cl osure. 10

AT1TCT OOt

TB-pFug adm W&t rafi%n: Conpo®i§ of Exanpl e 9 and

TB-Cenpar atiuegs Coompzaund 1 weo@2®ral |y admi ni stered

TB-L §Spec |V@¢Ey at Oqt,sdose_ of %95 20, or 80 nmg/ kg on the

pext--day—ot-t-he-t-nfeetion-in-a-si-ngte dose.
TB-#8al uat i thof t%gse fectivdss: Number of the

TB-bacteria 0.06 t he0.06l adder wa$2dreasured i nmmedi ately

Te-PRYore tf‘@ocplr ugoagni ni stratgiggn 15 and on the next day

thedr m-ni-stration;(2.-days after the
TBﬁ 1prt ¢ ﬁg lntrpntghé%rnup, and on the next

TB-gtdy of tl‘?;§25dr u128dimi ni st r&4%on for the treated groups

1B use asomn i pdex: of thenapeutic effect. [0725] 20

TB- S:JI[:. el P'o.‘ogﬁ QLI Seféﬁgpsgl i~ t'he nunber of
act-erj-a was - f ound--on}y--1 he-econmpound of Exanple 9

TBs#en t he We wA9620 or  801%Ry/ kg/ day. The t her apeutic

TB-sofef ect | ofo.déhi s oxmapound foo.12he group with the dose

TB- 30{7 5 rrg/ k{gééjay Wag Signi fi gqﬁg 'y stronger t han the
wupal at-tve 6] O'UH 1- 1 ||g| DA t he Conpound of
TB- 5E1>§arml : was-%3 nst rabz%é‘ltn bhe_a conpound which

TB€ 19 capabI(EOGOf r@dds zi ng tHé2:mpeutic effects superior

TB- St;,_@ t hose cpés t heng‘grrpar ative, 2@on'pound 1 (FIG 4).

faYw Xo¥Wa]

TBs]_r?IL:l]ILOJ Ioh@'sb :ﬁ@g e10] " The—conpounds of the

wer.e..eval uaﬁ ed--f-or-

esen
TB-s 22 0.03 0.015 0.06
Kurcho 003 : 0.06 0.06
H37Rv 0.03 0.125 0.06
Ravenel 0.03 0.125 ‘ 0.06

RFP:Rifampicin



their anti-M/cobacteriumtuberculosis activity
according to the standard nethod defined by Japanese
Soci ety of Chenotherapy (Jgprnal of Japanese Society
of Chenot herapy, vol. 29, pages 76 to 79, 1981), and
the results are shown in MC (g/m) in the Tables 35 9
and 10, bel ow. The conpounds of the present invention
[0728€Xhibited superior antibacterial activity for
[Tab%%¥%1 acteriumtuberculosis. 200 072 71 [Table 9]
_ t -N?pobacterlun1tubercu|osLs sensitive bacteria)
Anti-Mygphagter m@hﬁ@?“’@ﬁﬁﬂ?"“@f’%?ﬁ?%‘a’ BeNEY Exanpl e 9 RFP
Conpar.at.ive dM¥poud@)1 _TB-s 2.0.06 0.03 0.125 TB-s 3

Strainlco%ggﬁn@ 123mple 825 RFP - - -Comparative cohpond4 0. 06 0. 06 0. 125
TB-s.5.0.06.0.06 0.06 TB-s 60, 06.0.125 0.125 TB-s 7

$0.06 0.06 0.25 --46-...... TB2s 8 0.03 .0.015 0.06

vprB-Ss 9:0.0629. 06 @125 TB-s 1 0.03 0.06 0.06 TB-s

T1-0-060.06. 0. 125, == ~==zs R - TB s 12
MDB 3195 0. 19820 25 78,5 13 0.08D. 06 0.125 1B s 14

it ACA AT S ¥

MDR 406 0. 039@5125 ®4- 5 _06% 06 0.125 TB-s 16 0.06

1
15 0

MpR506 0.125%5TB-s 37 0.06 0.06 ©.125 TB-s 18 0.06 0.03
0.1

TR s 19,0 0607125 O 25 TB-s 20 0. 06 0. 25
MDB 58> 15 015, 0r 042D 03-0. 195 6 s 526 03 0.015 6 06

MDR@r ono 0. 328 061780 - 05

MDR 12 0.125 128 0.5
1 (QR-3) 0.125 >128 1
2 (QR-6) 0.5 >128 128
3 (QR-1) 0.25 128 2

4 (QR-9) 0.25 >128 32
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H37Rv 0.03 0.125 0.06 Ravenel 0.03 0.125 0.06

RFP: Ri fanmpicin 201 [0728] [Table 10]

Anti - Mycobact eri um tubercubgsi s (quinol one sensitive)

activity (MC g/nm) Stral n?conpound Exanple 9 RFP

Conparative conpound 1 Si 1 16 2 MDR 1 0.125 16 0.5

MOR 3 0.125 128 0.5 MOR4 0.25 64 0.5 MDR 5 0.5 32 1
ctATMeMDOR 7 0.125 >128 0.5 ---------- mmmaiaoo - MDR 9

0.125 128 0.5 MR 12 0.125 128 0.5 1 (QR3) 0.125

>128 2 QR-6 0.5 >128 128 3( 1) 0.25 128 2 4 (QR9)
1. By oonpayed speppeseniaf ey 101 owmoﬁ%m%@rééém ed by

following formula (1): 07 X COORO RSNA N I R

is RaRsR N5R/ \R asalt, or a hydrate

t hereof, wherein represents hydrogen atom an al kyl

gr oup co1nt ai ni ng to 6 carbon atons, a cycl oal kyl

tQ GQﬁRoon_latorrs, or a

a salt., or a hydrate thereof, wherein

R! represents hydrogen atom, an alkyl group containing 1 to 6
carbon atoms, a cycloalkyl group containing 3 to 6 carbon atoms,
or a substituted carbonyl group derived from an amino acid, a
dipeptide, or a tripeptide; 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;

R® represents hydrogen atom, an alkyl group containing 1 to 6
carbon atoms, or a cycloalkyl group containing 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;

R’ represents an alkyl group containing 1 to 6 carbon atoms,
a cycloalkyl group containing 3 to 6 carbon atoms, an alkenyl
group containing 2 to 6 carbon atoms, or an alkynyl group
containing 2 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;

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
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substituted with a substituent selected fromthe group
consisting of hydroxy group, am no group, hal ogen
atom an alkylthio group ggntaining 1 to '6 carbon
atons, and an al koxy group containing 1 to 6 carbon
atons; 15 R2 represents hydrogen atom an al kyl group
containing 1 to 6 car bon atons, or a cycloal kyl group

carbon &Y Nidig ag_LkI ccﬂiiﬁﬁ&uﬂghez aldkyd @ygn bedidigs, or

an OPtJfCE%:% nalésl 1%: L s}?&%élr]?ﬁhﬁy 'é(‘%‘%{%léﬁ{aﬁ% elfjo 6
carbon gytns ; H‘d]leb Bt 09@\70%: aT—R?I fhkexyr SﬁBUEonFQPmaf]r&eilyl group,

and thd Calﬁc}&g/lCéy'ﬂmm ity eaithean aal ddopei girouphaiontar hrapdhed

0 X t
sro: S SRNAT b Pty Ang g v
SUbStlté%ﬁﬁtal%ﬁlr?g:t?q ofrémbatrhtf'org‘%ﬂ‘%ﬁmcorh%l ‘%‘Eﬁf‘ group.
amino gyaniggi rmalgpdert ca&bm;ardmrahﬁdﬂﬂu@rgmuml@ﬁ;ﬁl@l@ﬁlpl to 6

carbon %ﬁ:‘i&}ngé,ngiaﬁﬂi gasri Q1% B8f t ft Q{Eﬁ'itaéjgrﬁrgglj ky| tcgr@l'&hﬂﬁbrggitoms,
u
and W1¢H) %& %%Eﬁ%Ié 2R aﬁedPSP gl?ﬁ%?&ﬂéSbSE& Hydrogen

atom; Cg?oup, hal ogen atom an al kylthl 0O group containing 1
tll'@a GuHiaueaaite R and &P %g@megrﬂepregmau fangal3- to 6-

member cﬁ%rcb%jt{(}?hic%ﬁe R ARy %ﬂﬁ;ﬁ | e SR REIESAN by R

ogen a en ato
and R® é@nthPfFﬂl Rg SPlFSCB’CééFbﬁﬁrHFGh%”e DY Péés?y P&F&?ﬂldme ring,
the thusofcineEdgspl o i rearduont ey, et keinyd @rogn atom or
sulfur GHEmRIdN ng 121ﬂ90 et LADOmRE %ﬁbl&{hﬁi}km’%ﬂn@r oup

cubsti Ontfl %d’a f&kggicaléﬁb({g?gto Jrﬂjgll% to(géonalgé(n atoms
opt ionadtigmfiaving & ml@‘m@tqrmevmwmb@b‘upen& heol klé)nyl

exometHIFIGHE graish Wemdldy M eoup heiNigiaid heing 1st rédgbte bond,

r t
g R i, L gy
select e‘iﬁqnhéwgﬂrw IR 1Y AR PRS2 SN
alkyltigrooupovialcgemiationy larta@l&kydatiian grivems coamndian g koxy

group é&li‘.@tll‘ﬁﬁ{)gbq_n 13 YTRoa:@h AL @KOXYy group containing 1
on_a

b
o ecRhorhadbel Rane R S 0 Y b3 Hebpr By =
group C&Ib@tmrtlumtlstmé'ant&%n Ggeier represent (a) a 3- to
B‘@@éﬁdscacmgogtehu@tmrselltntleddangytlhgrmpbmna;aammg 1

to 6 ca%.jf:i of dan@c;m 300 Lo %Jﬁgﬂtﬁl&% b G5t Telebugs ©
rroli rin u spiro. rin

contaimgng chald v cHRERPRI AEOBRY gBnIALENFEr 51 sTihHRGH aPsRyL group,
or a hagerHnbpatanherechtteeasdyoptgongkl y bei ng

R?ubé kEHEﬁgs“hﬁarBQeﬁlEibmgr9H8n9qnb§bﬂbnga%ek@X@methyl
group, ﬁiva ofa oxymethyl group, ethoxycarbonyl group, choline
group, dimethyl aminoethyl 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;

X' represents hydrogen atom or a halogen atom; and

A represents nitrogen atom or a moiety represented by
formula (II}:
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optionally having a hal ogen atom or a substituent; or
(b) exonethyl ene group bonding to the pyrrolidine
ring by double bond, the gypmethyl ene group
optionally having 1 or 2 substituents 20 sel ected from
hydr oxy group, am no group, hal ogen atom an

al kylthio group containing 1 to 6 carbon atons, and an
al koxy group containing 1 to 6 carbon atons; R6 and
RAMdependent |y represent hydrogen atom or an al kyl
grﬁﬁ%tfgﬁtaining 1 to 6 cerbon atons; 25 R8 represents
a hal gen substituted al k group containing 1 to 6

carbdﬁ atons, a hal ogen-substituted cycl oal kyl group
contalnlng 3 to 6 carbon atons a hal ogen- substituted

wherelrgr%bn%ep E‘Ersei’é( haI o SUbSt ! t lftér dl%qﬁec}ug): oalr@r taining 1 to

6 carbmetmmmtawlalw@mp pt%twlmﬁ(yhewyt GRBRpn atoms,
cyano ERAGXY qalharad agi’cﬁhhl,p,a QE@icbg'@t giesip; tet d@thythyl group, or
a halo%éﬂ&?eeglg%g %ﬁ%{% oﬂ_‘ pfba'?: oxo%lip’m_l@?lt I@';ﬁ lesent a cyclic

Structtsreadétwlfg @(MMO%F&&&) C%anklw 51%% Ry R
optionall 1y dormarbumatamsgeraretah koxiymetdyn granp consal flingtom

as a rixd nemfd Rl ARy tfibﬁ%g’l %B’i ké(ﬂ_ltbQEPt's‘tE’ted w:.th an

conpri si an. al Iene gro a|n|n ﬁy car on
alkyl Gitohs St B ot SR Foht e

halogern dfaimgeh aat&uhsfa?rrdieﬂtl‘t’repr esent s nitrogen atomor a
noi ety represented by formula (11): 40 204 X2 H

o TSRS B WA Rl et

claim lcdﬂteat%lh e (GO HIh FrERESHRN L e RN F R of R ofEh 1S a
compoural argp e deal tege bys Wist | falt ledvires drngrieup, or 5 a

hal ogenonet hoxy group; or X2 together with R8

represent a cyclic structure including a part of the
core, the thus fqymed ring optionally containing

oxygen gtom ni t ripgen atom o or sul fur atom as a ring
nmenber B OR™ bei ng substituted with an

ng 1 to 6 carbon atons optionally
atomor a substituent. 2. The

wherein RY, R?, R?®, R%, R®, R, R, R®, R®, X', and A are as defined
in ¢laim 1.

3. The compound, a salt, or a hydrate thereof according to
claim 1 or 2 wherein R and R? in the formula (I) are hydrogen atom.

4. The compound, a salt, or a hydrate thereof according to any
one of claims 1 to 3 wherein either one of R' and R® in formula (T)
is hydrogen atom and the other is a substituent selected from
methyl group, ethyl group, fluorocethyl group, and cyclopropyl
group .
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150 7 X COORO RSRaNAN Ra RRs N R/\R2
wherein R, R2, R3, R4, R5, R6, R, R8, R9, X1, and A
are as defined in claim3}4520 3. The conpound, a
salt, or a hydrate thereof according to claim1l or 2
wherein RL and R2 in the fornula (1) are hydrogen
atom 4. The conpound, a salt, or a hydrate thereof
according to any one of clains 1 to 3 wherein either

ne of RL and R2 in fornul 1) .25 i s _hydrogen_at.om
5. TBRqCORBCHRAer 3 §34tsuBSt Pt E‘é’ﬁ%&&l E@%&%%r %COFF@EH% Lo any
one of gledps &t P 4givbegeiny Bor 68t RPEMYtaupl) ahl BGERBHr BpFHP ©r
ethyl g@@gn. 205 5. The compound, a salt, or a hydrate
t hereof according to any one of clains 1 to 4 wherein
R3 in formula (1) is nmethyl group or ethyl group.

5
6. The TREPOYRfouRdsSadtsaPlt, aoRYETRyEr AReTeRér 86F0rding to any
one of adadmdi ngtoosamherene efittleai mmel tfoRS ahér Bf nirj fererula (1)

is hydf%%%npgtgﬁ and Rhel Brhermilsa fihbring RYdrogeR tdhamMardp,

the other is fluorine atom .methyl grou e%@@ma butvl
ethyl S3Eugs, MGSPHI PACERY SGP0NY, CSRETER SHrRy, TRaT DUt
group, kyellopterylogsoupy cfdposepe tirdugirofipuo eyl iR, vinyl
group, @Rt ReXYTELOYRoup.Nyl group, or ethynyl group. 7. The

compound, a salt, or a hydrate thereof according to

any one of clains 1 to 5 wherein R4 and R5 in formul a
7. The) coogevher PoFmLti50Eyel byfspate LRERGOSr AEFOFERTGake 21y
one of kilagmisnal wdi Bgwheeedar ROnantloRT sharBoriylRA(Bnd-®Retler form

cyclopr%%%%barﬁQbr%%y%beO%hE%%EU&ﬁng8inEﬁ%dﬁ@@PQﬂ%chd%Bﬁﬂ1atom

g aéa%dratg t hér eof accordeﬁaiq:a [y NG of clainms 1
shared gy & \fefeRn 14 éﬁﬁi“ R5 TR ¥t 2 (s[q)y Y5g&ther form

20 an exoal kyl ene group. 9. The conpound, a salt, or a
8. Thxdeahgotpar eaf sageQr di-ng h9aaBte eRerebrChactrdinkotd any
one of ¢ %E%Enlx%olg R%Eg%E%.%F)aha ﬁkQHﬂ'fg%ﬁﬁan(I) together form

an exoalkylene group.

9. The compound, a salt. or a hydrate thereof according to any
one of claims 1 to 8 wherein X' in formula (I) is fluorine atom.

10. The compound, a salt., or a hydrate thereof according to any
one of claims 1 to 9 wherein A in formula (I) is nitrogen atom.

11. The compound, a salt., or a hydrate thereof according to any
one of claims 1 to 9 wherein A in formula (I) is a moiety

represented by formula (II).

12. The compound, a salt., or a hydrate thereof according to any
one of claims 1 to 9 wherein X* in formula (II) is methyl group,

ethyl group, methoxy group, difluoromethoxy group, cyano group, oOr
chlorine atom.

13. The compound, a salt. or a hydrate thereof according to any
one of claims 1 to 9 wherein X* in formula (II) is methyl group or

methoxy group.
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25 10. The conpound, a salt, or a hydrate thereof
according to any one of clains 1 to 9 wherein Ain
formula (1) is nitrogen atgng 11. The conpound, a
salt, or a hydrate thereof according to any one of
claims 1 to 9 wherein Ain formula (I) is a noiety 30
represented by fornmula (Il1). 12. The conpound, a salt,

14. Phe bish@ie®, tdes£nf, ase o difih-410 afWerahe £fcEthdiip do any
one oft{?%ac?}ﬁ{\@e{ ey f?t%ﬂezf:@:[ﬂuﬁsa (ﬂ :)%)czifnﬁlrget | Ei: %{"p_L -cis-2-

ou net hoxy group, d uor onmet Hoxy group,
haloSTeI&?%Y]%l%P%‘Eﬁ‘/ 1 ¥TOWB: chl ori ne atom 13. The conpound, a
salt, or a hydrate thereof according to any one of

15. 'Pﬂ@'é‘&noéod&dg Ihergi n X2 a{ rh cgcft‘ﬁaf'ﬂ-lé a\:ﬂé dot S IS AW ng to any

0X rou conpoun
one Ofs%ﬁ?fh%r é%@g¥%ﬁ$é%fjﬁk 6?%“4%? Ay one of
stereOQﬂl@mmaJJ_lY cpqnee whe? et s FRB- gl @mm@w%mmmh group.

1, 2-ci s-2- hal ogenocycl opropyl group. 5 15. The

onpound a, salt r a hydrat t.her.eof ac ording.1o
16.  HERCORew Rl (F B e BT g £
claim }5& %pegg%me%@%éhq%294§r%ﬂﬁ%;ogenocyclopropyl group which is
R® in fbriwdiss-(X-)hadlsogamgeyl|-apieddgegoamym ] obi-opitie geampound,

a salt, or a hydrate thereof according to 10 claim 15

mhereln the_ 1, 2-ci s-2-hal ogenocycl opropyl_group which
17. The qERMTDr rﬂjl%ﬁl(q) s a(%?,' tez-%%@éﬁf’é? e
claim Iy odperdin the ChRpdind -kaledenoeyclopyelpyt egxdp evfich is
R® in fREERNG Nt as qhdl,mslS wFaRRIrbde opropyl group

(1R, 29) - 2- halogenocyclopropyl group which is 15 R8 in

formula (1) is (1R 2S)-2-fluorocycl opropyl group. 18.
18.  Thee comgpourd, da Sdlt., @t aa hdhradte thesreaf anaeurding to
claim 1D whdsein thevhesesurideo € ofmuomnts of I f arsutepdgenised by the

foll fsented. by the following formula: 20 O 7 X
° Och%F@ RNR3'. R O NR/ \R wherein R, R, RG,

R, R5, RS, R? RO, and X are as defined in claiml1l.

CooOR’

/N\

1

RY R

wherein R', R?, R?, R*, R’, R®, R’, R’, and X' are as defined in
claim 1.

19. The compound, a salt., or a hydrate thereof according to any

one of claims 1 to 18 wherein R’ in formula (I) is hydrogen atom.

20. The compound, a salt, or a hydrate thereof according to any
one of claims 1 to 19 wherein the compound of formula (I) is a

stereochemically pure compound.
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25 19. The conpound, a salt, or a hydrate thereof
according to any one of clains 1 to 18 wherein RO in
formula (1) is hydrogen atgyy 20. The conpound, a
salt, or a hydrate thereof according to any one of
claims 1 to 19 wherein the conpound of formula (I) is
a 30 stereochemcally pure conpound. 207 21. A

21. EOofPHpdens eseTi eted r ordm

i X RO S S Ss e U P ST
[(1R,2 bq%u%v%%cyglwwif £ de ahY%r%a?rmeBPY%l hy aféinoline-
3- carbd)ﬂnjalemfacﬁd a salt, or a hydrate thereof;

) -%ﬁ-%@@é iyl ff&iic@'ix'ﬂ@—i yij b= f%re hgxi-4_
(1R, 2%& 5 Fripfogral %%?%%&i}f P LS N S e T

oxoqulmcbfen@@ﬂ carboxylic acid, a salt or a hydrate thereof;

(B5) = 18- [ 3- i M- B, 4-dH et iyl y PyFrel igine-1-yl]-9- fiiht@i’io—z,3—
r -
dlhydr%e%z%%%&gle/QG Cg car%%élﬁZ @foz f"cﬁ’é(f .L,Po% geézg%%ﬂ%é—e&

carboxy ke ea)q:ld a salt, or a hydrate thereof
- [ B-aomd riee- 21— et Hogyl - B-nmeett Hopyl oy r ol i i mee- 11-wl ]| - &- £ lworo-1 -
[ (1R, 28V -2- fo\ioro?Y%%?% 1] - p%/‘%ilh}/dr%g&h metl_:t ]_.n%t%};cl)qulnollne—
FHL %%aa >®1F e §AFTeOht a hydrate
The¥eofiino-4-ethyl-3-methylpyrrolidine- ‘1- yl] -6-fluoro-1-
(1R, 2§r{:.3- ﬂmméyaiéyfoﬁymei hyd py1phi6li demde Wbty 64 £ 1 uor o-

oxoquij P oA Thorr e A% 08152 4 O 1 PSR TS FRRYSAE
Ui Grol 3 TRSL QA RBAA | 5 ety Jamé:awll%%n%-%ysdlf T%-fluoro-
2, 3-dilhereos smethyl-7-oxo-7H-pyrido[1.2.3-de] [1,4] benzoxazine-6-

carboxf%ﬁ% o%@lcﬁ 3-an np- 4-of hylp@s et byl pyrLof | dine-1-yl]-9-f
AR 02 IRy 14 A SRR hRY TR 1 SR by h] 4§ - T luoro-
1R,bwﬂzﬂ&aﬁlmr@cymw3f]c~ ot dlikydadt§ -wethy hydr at e
oxoqulﬁémeix@éﬁz B HokBt B or B, netdwlc 4-oB80prepytate thereof;
0

s ﬁ@@]e&]’?‘% l'1oylo_cy_cL}so({ i ;fzg Y H R G B 1 Eore-
1-[(1R.2 higprorral il it JahY%r%a%m%lPO%Yh%/ur at e
oxoqulﬁckﬂeth datl3ean - é’ciﬂa,t hylsaltt sopr opyhydrate thereof;

)rQLd d _earﬁzfl?/élg% A Of - 1soprop4yl pyrrolldlne 1-yl]-9-

3-carb

uor.oc 0 8- hoxy -
JElu‘l’roi" o1 e -car%ﬁ%pﬁ @%ﬁ%" gyg § Eﬁ tﬁ(y
benzoxehgﬂd.'tea{@- ¢ehxé:v@czfllc( :ﬁ)mdm -4 35@11!:; noeB- atrelnmnratzle i Bloprepl/|
YT Qridider leyd loPropyl-3- methylpyrrolldlne 1- yl -6-fluoro-

flmor Y. ri 3-de] [
-t B S S R 1
oxoqulrr@ﬂdnrrm—e?-tcp@k@;@fyllc acid, a salt, or a hydrate thereof

77, [ 33-zaut - 24-a el sl Jﬁ-mmiﬁmlmwrcml idlime-1-yl]-&6-fluoro-

1-[¢ i‘? 9. oroc];yclorp Cyl %%jlhydro— —methoxy— -
(1R 2S ocC ro th
oxoqulno]d)%lﬁ box _jc%r 'Iplacp Yélfﬁtt% %ﬁ’%

t¥r-adf- [2 -amino-4-cyclopropyl-3-methylpyrrolidine-1-yl] -2-
fluoroJ&léﬁéﬁﬂfﬂkdbigﬁéﬂﬂ¥luﬂddﬁ%lﬁﬁlb@f&ﬂéE&jﬂjfmdéryi]4ﬁ'f
benzoxéé%ﬁét6—carboxylic acid, a salt, or a hydrate thereof;

7-[3-amino-3-methyl-4-vinylpyrrolidine-1-yl]-6-flucro-1-
[(1R,28)-2-fluorocyclopropyl] -1,4-dihydro-8-methyl-4-oxoguinoline-
3-carboxylic acid, a salt, or a hydrate thereof;



1-[ (1R 2S)-2-fluorocycl opropyl ] -1, 4-di hydr o- 8- net hoxy-

4- oxoqui nol i ne-3-carboxylic acid, a salt, or a

hydrate thereof; 35 208

I(38) -10-[ 3- am no- 4-cycl opropyl - 3-net hyl pyrrolidine-1|-y

1-9-

fluoro-2, 3-di hydro- 3-net hyl - 7- oxo- 7H pyri do[ 1. 2. 3-de] [

7 - aﬁ%@%ﬂﬁrlﬁwﬁ@mﬂyﬁcﬂq@n@ 1Sa}1], - @rf Aioro-1-

(1R, 2 d%_a%rﬁt hoerecfﬁe r dihy _methoxy-4
HorX C%Eh qpy41w n’y4f pyrroql di n 6o aﬁ’j 6- f | uor o-

oxoqulnollne 3- carboxyllc acid, 'a salt, or a hydrate thereof;

([3(sbR123$) -2 -2l ity -cyed tapr 1oy il Moy dirhyldirdhirBe e tyyil ~ 9~ il ucro-
2,3- dlw&te teﬂtql 1407 %ﬁrﬂpw&ﬁi@ﬁ G A &A fr, & Benzoxazine-6-

carboxyd i afito-B- Sr?élt’-'hyloﬁ ARG RSASRED - yI - 6- 11 uor o-

1- [3-amino-4-methylene-3-methylpyrrolidine-1-yl] -6-fluoro-1-
[ (1R, 29) (Jz%f%%oll%d‘)}dﬂ%%gghqmpwidrﬁydr@ m&)&@mxﬂlollne—
3- carbq g]],qjecofna.oc:1I Calr boxc}ll ' acciraite tS}?l teoPr hydrate

1-315)~an0-r{B-darmertdryd- et 1y imed i I A icHing re-y Lly1 § ~fhyoro-1-
[(1R, 2d)udr - F™orocyclopropyl] -1, 4-dihydro-8-methoxy-4-

I ey
Oxo@l%dlnlzn%xg%a%bg)w ac7 CP)éoc‘zlam dlf)élglég[% &9&%1[&}%%%? £
(t3i$ér'élc9f‘ [3-amino- met ylene 3-methylpyrrolidine yll-9-

fluoro-n [z}myuroa-mdm}ene; et T gprid | dihe el 11 68K | u
benzoxa%rlqu -268)0 bfolx%lrloc acl'ld a salt, or h dT{Cﬁlrate El’hereof
cyc |
ARG - R Adlo A e LR

fluoro—t]h-eﬁ@cﬁ 2800-2- fluorocyclopropyl} -1,4- dlhydro 8 methyl 4-
Oxoqu1n703[13rean3 norrbamiing enerB- netdylpy rawld diperdrey | fhdedd f);

[% afg)noztlflflélroc;:c?)}ncﬁtha,r opylrﬂetfyip(}’ 1d errelt fyl] U
FLuoro Sy e At al's4a1‘¥ hsgiror Byt oy -4

oxoquiridienreofs - carboxyllc acid, a salt, or a hydrate thereof;

((3%5)) 130 [33- AR A- AR B RNEn A TR It Byl ierle Wy 1] - 9-

£ 107013 s A R S TR T AR Fynd il e [
benzoxalle - sH5aydmeodds meitl ca BRdM i ©ad diydr e ttheyre
ﬁmﬁ e A-herierf 3 -methyl-4- methylene pyrrolld:l.ne 1- yl] -6-

f th 1
fluoro-f} %ﬁlﬂ%(% |°f}g‘4 yémlcj 4|]2“|e T ods& -
oxoquingIiyIe-A- RO Mt BB &Ydafastaﬁt

Ty(dr-atre richelr-eefthoxy -3 -methylpyrrolidine-1-yl) —6- fluoro 1-
[ (1R, 2SZ) oiz3 A& d 1 S QRN kst PR Y By ke lobdufiioline-

3-carbPyicio 24%1 8 FHL2- 19U SEEB SHTISAE 4- di hydr o- 8-
Tet (Borayriso dxomiiheoly Rerg G d i dgiet, L & al & de%O@ 1-
[ (1R, ZQY—@@lﬂdﬂtﬁ:")&Qﬁopro v1] -8-methoxy-1,4-dihydro-4-

oxoqum%%a %Iéa&%;gﬁf‘c fal&loci onpthyl - 3-JEthyl vl ol | didesde

48 )33 M- B ftanAne o 3 ms R I oL lipg 11 -1l -
6- fluorb—‘li] @mmaﬂmtﬁ}mﬂﬂbmwﬂcupﬂm}dl]-GBMﬁhoxy B, 4-dihydro-

4- oxoq 9/2155.0 ac:Ld a galt, or a hydrate thereof;
am no ttjl)ﬁ met h I ene
§|'|4cﬁ orometh 3-methylpyrrolidine-1-y1]-

1- cycldpnscm}d-IG--[f(llR;ﬁS)S-Zﬂeftlhﬂ}f}OﬁMc‘l -obirtyd g - B-onedokye hine o -
carboxylmtdra%fd Qxaguitoldner InrpraxwWharasi d, a salt, or a
hydrate thereof;
7-(3-am no- 4- nethoxy 3-net hyl pyrrolidine-1l-yl)-6-fluor
o-1I -
[ (1R, 2S)-2-fl uorocycl opropyl ]-8-nethyl -1, 4-di hydro-4-o0
xoqui nol i ne-
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30 3-carboxylic acid, a salt, or a hydrate thereof;

7- (3 am no- 4- nmet hoxy- 3- nethylpyrrolidine 1-yl)-6-fluor

o-

[(1R 29) - 2- quorocycIopropyI] 8- net hoxy- 1, 4- di hydr o- 4-
oxoqui nol i ne-3-carboxylic acid, a salt, or a hydrate

t her eof ;

7-[ (35, 45) - 8- anino- 4- fluoronethyl - 3- m@thylpyrrolidine 1-y1]-

6- fluolé {Lﬂ §1§ 2i£1R SJSZO OfiLu ¥cl?pr }/l] rogygi t 4§d%hycfiro_
4-oxoqyino ’rlﬁ?zd?’o HPEXBYLF ndFife- 3- E% oxy¥i ﬁiHa g Eafrteo
of [ &3 hy4l® bt 2-dhieneot - f luoromethyl-3-methylpyrrolidine-1-yl1] -

1- cyc18p£&;]§§14§)f§u@%n@ fle £ hy/OL ONBL By hy3r8EL hykaxh i AbL $haes -

Carboxﬁl c?%b?bp?ls%l?ru%?oa8h¥%¥%5§ytﬁeﬁeth dr o- 4- oxqu|n
ot @B—Bmmwrﬁlmr@ 3angﬁhylpﬁ¥r@lh§m@tb y1ll-6-fluoro-

1- [ (1R} DSy epf£1@28Po-1-cyclopropyl] -8-methoxy-1,4-dihydro-4-
oxoquixi{ai[% éi§—5():é€53ﬂ/ffé 4&(@&&?8”‘355)%! - 3¢ Mgt ﬁﬂi:@é({éo{:hgi’ggf:

o D TAAR 255 19F P rdree FaeiRYBhe bhyi e sl met hyf - fluoro-
1- [ (1R, 28 i hyfllwerd- bxogol optopel B- 3am®bkyl+b,aeﬁﬁhyérea4t
oxoqun%l:?n@yﬁjfééﬁbéz,@ﬁif-‘@fac:Ld a s'.athI or a drate thereof;

"Z— u:‘]5543s)an§1riacr)n pffucg]!:gr%&lnei htY metkrlmitL \_erg{ r(gllllglf v1] -6-
fluoroql ¢/ t1RpE Dhy? = Bl idxer b- Y eeepyPrY 1 U= i hgdhoxy- bxdgdihpdro-4-
oxoquindNEnd-3 CRL B 1 Lc agddd, aasadlt, chraahujﬂdiﬁ&Eethﬁéﬂ@éf

- | () -3 A9~ 4= 1 WSE e P Ly Pl P pst L avhd = =) -6

fluoroﬂ{E&Wz@bﬁf%&;@%ﬁle@ﬂ%ﬁ%@ﬂlsﬁ meeHeRy -1, 4- @my@ro 4-
oxoguinal e oxocpurmety hbe Jachd poxysatt acod, a ahgdrate othareof

ﬂyﬁf—aénﬁﬁcg‘—ef—qgth 0.5-azagpiro[2.4] heptane 5 fluoro-1-
(1R, 2% -Oé-otF?uorocyc oprop#f 01 4n§1h1¥épgr§0| It {f‘f—i—gx‘])qulnollne—
3- Carbc]?i}['J(JlﬁR 2G)d 2-% | 2ok to- | ox ye | kipdopye | tisereehyl - |, 4- di hydr

- B - mﬁgﬁuwémﬁwwm&@m@meﬁcmts-pﬂ a6 -fluoro-1-
a8 2 oo ey e TR AT (4 ne. 1y

oxoqulq {xpe 3-carboxylic ac1d a salt, or a hydrate thereo

¢3EU)o-r10}-I F7 (il 125) 7 2nd tthuall -05 4 & s 1ops Bpy4 e traptdnoxyy 1] -9-

fluoro42d3h§/ﬂ{ 1_43 QA NObEAE7 B 0RF RAXYL | £. RChL) [, 4]
drat e thgieof

benzoxa?“[?%@‘io L2 13007 orfet WA E 4- et hy 1T o i W RESPL

7|1[86—am1n0 8-methyl-6-azaspiro[3.4]octane-5-yl]-6- fluoro 1-
[{1R, 2§|Wﬂd01{d&ﬁﬂ2@rc§3 11uor o d Dived e opyd 4 dﬁlwlélzycbqulﬂollne—
3- carbO)ghl déjra?cid'c% 50#11{]0 SEa %fcﬂg%(ytl.ﬂ&&gf a salt, or
ra ‘her e
7r[[ BRHTHR-S7-THE ~ 65 apampi T 2. W drpnge 521 1€ sE dyero-1-
[ (1R, 290r-@{ £l frocyclopropyl] -1, 4-dihydro-8-methoxy-4-
oxoqulx{c(ljl%ez@ C?alfﬂ Pﬁ%‘-‘é@ﬂ[ Opé/ls]aﬂt 4 @f @%}%ﬁaﬁ'@tméréof)
€< U|no_ 1e- .3-caf I! é/dbr f] )
amlno azasplro 3. 4] cthan ]
fluoro-z., [37 cturhm:trt? MQ'MYB'EZC&W be[mlzh]ctrebl ahe35dgl [1 64T 1 u
benzoxaFH:LQIé car}:%cix ylic aclld, a slalt, or gdrate thereof;
yor.o Qpr yar. B
10 o 4l “‘s@ﬁ%"%éa&?m@ e
(1R, 2&)h—éa'—§dﬂ1o:r.zgzyclopropy ] -8-methyl-1,4-dihydro-4- oxoqulnollne—
3 carbdx38)i-dl &rdift,am a1l meihyd -trdzaspittedZedl hept ane- 5-yl |
-9-

fluoro-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 ;
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7-[ 8-am no- 8- net hyl - 6- azaspi r o[
ro-1- [(1R, 25)-2-f

3.4]octane-5-yl]-6-fluo

| uor ocycl opropyl ] -1, 4- di hygly®- 8- met hyl - 4- oxoqui nol i ne-
30 3-carboxylic acid, a salt, or a hydrate thereof;

7-[ 8-am no- 8- net hyl - 6- azaspi r o[
ro-| -

3.4]octane-5-yl]-6-fluo

1 ﬂﬁ@@?%ﬁi@ﬁ%@l 3adp fr 6l DylY 19218 died FOXYE K- 1-
cyclopfxoqg c&é@ﬁyf fq{qgfgyé§oq£lgXO&u§ﬁ$iingf3§b£¥f@§§fic acid,

a salt( 3wy -aaydraln fdrg-srE hyl - 6- azaspi r o[ 3. 4] oct ane- 5-yl ] -
B-[ Bf8) -7-amino-7-methyl-5-azaspiro[2.4] heptane-5-yl1] -1-

[ (1R, 2§ ;ﬁ) @oﬁog% cggs gymet@y& TR OXP: fkhpam é»éiaB de] [

enzo
OxqulQR&ﬁ%ﬁ— TP R y ic aca

sal

cargoxal I c, acid, a sa

t, or a hyadr éte thereof and

- [ (7))~ W-aamnm-%mﬁqptyﬁﬂmlm@%}mmi@ﬁyY}l 1-
cyclopﬂop -8-methyl-1,4- dlh dro-4 oxoqulnollne 3-carboxylic acid,

f1 uor.oc propyl]
a Salt'xo%fi"]?r‘yqzw% ate %%?%%?(@1 ic acid,
22. Theregiponid a salt, or a hydr

8- net hyl -1, 4-di hydro-4-o0

a salt, or a hydrate
ate thereof accdérding to any

one of lcidifky -175 afd not Kﬂlﬁ@ﬁé‘h}&h Strazelsei ¢ ohRodhdepf aberbuyd ] ¢I)

absoluée ?onfl u¥a ion p?51t %ydr
substiisad comrthe DYEERRIALRE HUAY

where amino group has
- oxoqui nof I ne-3-carb

%té er eof :

7 [(7S)-7-am no-7- mst hyl - 5- azaspi r o[ 2. 4] heptane 5-yl]-

Ei:om ound a salt, or a h dr

ate thereof according to any

one or Wity b BTl opt A1el ELfosted, 0L s o

absolutqmgqnﬁlg@w@klon at p081tlon 3

where amino group has

subst1t7ult£e(&’5)n Te1od1 hher o red hox yr bn@izas pi(39f 2. 4] hept ane- 5-yl ]

cycl oprop I-8 nmet h I-I 4-di hydr
24.  Fo)GAMRO Feler X a hydr
Toipamidyo &7 emétih,y}ofS - dasiyiatel

0- 4- oxoqui nol i ne-3-carb
ate thereof. 10 22. The
2 helrleept aneoF dy hig- ¢ of Luoro-1-

(1R, 2s?9n¥2 mf‘oﬁc A to %-Mey@f@,alrﬁb&ﬂaﬁlcm@ﬁ@@@mohne-
orrrula(g% bsolute COfI urag i on @t position 3
3- Carb% b OT G T2 AT The’ rror| di ne
T Yy aeinery- me1f5132135 “BrRA kR Lhdt | laelé'%ﬂﬂf-e B} -6-fluoro-i-

(1R, 2§nymaﬁmdpr@io@wm Ny, 4 od Hydr one- rmétndmym, 19 to
oxoqulégi rf'%ﬁrﬁé& & Qﬂgpfqu o léorgylé ﬁy&rat§b§ﬂé¥é§f

conrti gurati on ositiaon

%Wsﬂq UL EPTHRR e RO 1 R 3Rt
£ luoro-epaditdy ded etk Hy ol -oxo-7TH-
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ef fective
31. A method for treeing an infection by administering the

compound a salt, or a hydrate thereof of claims 1 to 26.

32. Use of the compound a salt, or a hydrate thereof of claims 1
to 26 for producing a drug.
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