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DESCRIPTION
7-(4-SUBSTITUTED-3-CYCLOPROPYLAMINOMETHYL-1-
PYRROLIDINYL)QUINOLONECARBOXYLIC ACID DERIVATIVE
TECHNICAL FIELD 5[0001] The present invention relates to novel

7-(4-substituted3-cyclopropylaminom tIh%(I-l-errolidinyl)quinolonecarboxyl
: . o RESCRIELL . )
ic acid derivatives that are not only safé and strong antibacterial agents,

but are algo effectis againstarug: 10 esistant bacterig fatare less

susceptible to’conventional antibacterial agents. The present invention

ot T NI EAL EACK BN TBI0002] . Evor Ses the?

TE &ﬁ/df m%r}tﬂﬂworfloxacm, S|gn|f|can_t effort has b.een de_voted worldwide
to developing quinolone carboxylic acid-based antibacterial agents. These
0 O3L51ltif:>acterial agents are now used as an effective cure for 20 infectious
Iseases. [0003] The recent emergence of drug-resistant bacteria,

ncluging melhiali-resiolans Siaphocaceys AL MRS oot tuted-

penicillin-resistant Streptococcus pneumoniae and 2

3-4A0EoAG] 'ﬁ%ﬁ%’%&n%@ﬁﬁ?fﬁ’fgiﬁ(%s ! %8_%%%/ d? Fgtioys fhygal 10081 5

treatment of infectious diseases. t of these drug-resistant bacteria are

acHAALPISIUYS bactepin, whicharg less.3ysceplible to fraditiong

quinolonecarboxylic acid-based antibacterial agents. Apparently, these
anfﬁggégg¥@£§g%@énts, but are also effective against drug-

resistant bacteria that are less susceptible to conventional
antibacterial agents. The present invention also relates to
salts and hydrates of such gquinolonecarboxylic acid
derivatives.

TECHNICAL BACKGROUND

[0002]

Ever since the development of norfloxacin, significant
effort has been devoted worldwide to developing quinolone
carboxylic acid-based antibacterial agents. These
antibacterial agents are now used as an effective cure for
infectious diseases.

[0003]

The recent emergence of drug-resistant bacteria,
including methicillin-resistant Staphylococcus aureus (MRSA),
penicillin-resistant Streptococcus pneumoniae (PRSP) and

vancomycin-resistant enterococci (VRE), poses a serious threat
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5 can no longer serve as an effective countermeasure to gram-positive
drug-resistant bacteria. The increase in the occurrence of
qguinolone-resistant Staphylococcus aureus (QRSA) resistant to
qguinolonecarboxylic acid-based antibacterial agents poses another threat

co Pite Eﬁ?é‘ér‘t‘%gtnﬁ.'fo‘?“%‘%%%(t)fé%e%%??s 00041, Whllegertain o grug-
quinolohecarboxylic acid defivatives having

3-cyclopr laminomethyl-1-pyrrolidinyl group are known compounds, the
S ibAdterial actit of iés COMpBUdS 18 agaler dfugHresiaant =+ ° 1o

bacteria still remains unclear, as does the safety of the compounds
=Rt Datunonts L 5] Ko SOReae ApBHed (Ve Somthackos

the biglogical activity of qui olonecarE xylic_acid derivatives hé;\vin -
o R Sy ISPyl NGO TRy b O1O00ST | 2927
Patent Document 1;L.eJagaSmese P@tteent Lalaig-s\![gen Publication No

215567269 fPatent Document 2] Pamphiet of e ST

posiHEJNVENTION 23 sE’tRa%%L%Q"éBE%%E SOLYEDR BYTHE INYENLON
5[6666] Accordingly, it Is an object of the present invention to provide

ocJLQé’ﬁé9%‘_0!999&_85'[%0&’!!%8@&&@%‘%@%‘@%%}&%@}6 885@ 33,5885 (orsa)

strong antibacterial agents, but are also 5 effective against drug-resistant

rediagtena that a !ﬁ?&ﬁ%ﬁ%@%%PE?éE%V%rHEO(E‘%QE%%ﬁ%%@@QSQ&ial
MEANS FOR SOLVING THE PROBLEMS [0007]

agents poses another threat to the treatment of infectious

diseases.

[0004]

While certain quinolonecarboxylic acid derivatives having
3-cyclopropylaminomethyl-1-pyrrolidinyl group are known
compounds, the antibacterial activity of these compounds
against drug-resistant bacteria still remains unclear, as does
the safety of the compounds (Patent Documents 1 and 2). No
studies have reported the synthesis and the biological
activity of quinolonecarboxylic acid derivatives having 4-
substituted-3-cyclopropylaminomethyl-1-pyrrolidinyl group.
[0005]

[Patent Document 1] Japanese Patent Laid-Open Publication No.
Sho 59-67269
[Patent Document 2] Pamphlet of WO097/400

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION



The 7-(4-substituted-3-cyclopropylaminomethyl-1- 10
pyrrolidinyl)quinolonecarboxylic acid derivatives provided by the present
invention are safe to use and exhibit strong antibacterial activity against
gram positive bacteria, in particular drug-resistant bacteria such as MRSA,
00 FE)%EP and VRE. [0008] 15Thus, the present invention comprises the
% wing: 1)A quinolonecarboxylic acid derivative represented by the
following general formula (1): [0009], 20[001Q] (wherein R1 is an alkyl_ .
O TS T2 6 Chrbdreatind id Ty or iy ot BEEUbothtar tLon to

with. 1 or 2 or.more halogen atoms, a.cycloalkyl group that has 3 to 6
PR SO ool Ty o Ry Aot b USRS wiNEE B3 or s ot onLy

halogen atoms, or.an aryl or_heteroaryl group that may or may_not b
o e bith T 55 BF ot S oLttt S Ao B ndseritenty

5 e AliAlogen 2t or an anino group, B2.s A udtogen afom. ap alkylgroup
aving 1 to 3 carpon atoms, a p armaceutical y acceptable cation, or a

su f%;g;t{%%ai grqup aceeptable as.3 prodryg, R3 15-g Lyd 5%;%3;%@ m, a

gen atom, a hydroxyl group, an amino group or an group having

ME A0 t%lﬁ casbon glomsiR4is,a hydrogen atom or a halogen atom; R5 is
lkyl g

ana roup having 1 to 3 carbon atoms, a fluoromethyl group, a
[Ot}gﬁ}qoromethyl group or a fluorine atom; R6 is a hydrogen atom or a
fluorine atom; and A is a nitrogen atom or =C-X (where X is a hydrogen

Eﬂonﬁﬁémggp¥ﬂgﬂb§%f%ﬁ%ga—B—cyclopropylaminomethyl—1—

10 pyrrolidinyl)quinolonecarboxylic acid derivatives provided by
the present invention are safe to use and exhibit strong
antibacterial activity against gram positive bacteria, in
particular drug-resistant bacteria such as MRSA, PRSP and VRE.
[0008]

15 Thus, the present invention comprises the following:

1) A quinolonecarboxylic acid derivative represented by the

following general formula (I):

[0009]
R3
R4 2 Icoom
A X (1)
R6 H/\,CN Am N
R1
RS
20 [0010]

(wherein R1 is an alkyl group that has 1 to 6 carbon atoms and

may or may not be substituted with 1 or 2 or more halogen
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15 alkoxyl group that has 1 to 3 carbon atoms and may or may not be
substituted with 1 or 2 or more amino groups, cyano groups or halogen
atoms.)), and salts and hydrates thereof.  2) The compound according
to 1) above, wherein in the 20 general formula (1), R1 is a cyclopropy!
roup, 2- fluorocyclopropyl grou ethyL1 roup, 2-fluoroethyl group, 4-
atof%lnj%’roﬁhecrvé(rjoaé% é}r1 25}?1&% or%%ﬁgny%gsfogp,téjn saﬁ?srér? h;a}gr%?lés’s and may
thereof. %) The gggjptoggg O?cch:grccgnq t% l;) §bove, Whr%rewalT othe 25

or gntl-:-an%rarflc'i%rmﬁlas( ) iS a'cyclopropyl group, 2-offuonr18c:yclopropglegnroﬁf),oms’

ethyl group, 2-fluoroethyl group, 4- fluo enyl group or
o Gt darofen oo ah Ri R4 ryaraetston of & uBfire Sfom.
surdile;salls.and hyqraies trheieoéﬁrﬁ‘grée 88%‘3?5‘995‘%8@% 0 L) above.y,
whereinin the general?ormula (), 195 cycC oprop)ﬂ group, 2-
. fluorocyclapropyl group, ethyl group, 2-fluoroethyl group, 4- fluosophenyl
L oLt o ue Pt mpdiorion S et
Ly ffom; ﬁngtA Ra ni rogep atom or 10 ﬁg-xr(whgecx i%a hé/ rogen atom )
e R o o HHor ey o or T oy

ph AN salts gl ﬁxq;aseéc@%fﬁogi(ﬁ‘f) Jyéi%qmp%%agqgggwotga%amﬁp

whereln in the general for R1 is a cyclopropyl group, 2-

acdoragycloniapyl group, Sthyl graun, 2-flugrgathylaroup, 4xfluarophenylen ot om,

group or 2,4-difluorophenyl'group; R4 is a hydrogen atom or a fluorine

9, Rpiis alygrine. atom.or,a methyl 9rgpp, R6 1S glhydrggen atom 0p8 1 o

fluorine’atom; and A is a nitrogen atom or =C-X (where X is a hydrogen

a

3 AOMyn atoms; R4 is a hydrogen atom or a halogen atom; R5 is
an alkyl group having 1 to 3 carbon atoms, a fluoromethyl
group, a trifluoromethyl group or a fluorine atom; R6 1is a
hydrogen atom or a fluorine atom; and A is a nitrogen atom or
=C-X (where X is a hydrogen atom, halogen atom, or alkyl or
alkoxyl group that has 1 to 3 carbon atoms and may or may not
be substituted with 1 or 2 or more amino groups, Cyano groups
or halogen atoms.)),

and salts and hydrates thereof.
2) The compound according to 1) above, wherein in the
general formula (I), Rl is a cyclopropyl group, 2-
fluorocyclopropyl group, ethyl group, 2-fluoroethyl group, 4-
fluorophenyl group or 2,4-difluorophenyl group,

and salts and hydrates thereof.
3) The compound according to 1) above, wherein in the

general formula (I), Rl is a cyclopropyl group, 2-
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20 halogen atom, methoxy group, difluoromethoxy group or methyl group),

and salts and hydrates thereof. 6) An antibacterial agent containing as

an active ingredient the compound according to 1) to 5) above or a salt or

a 25 hydrate thereof. [0011] With regard to the general formula (1),

the term "pharmaceutically acceptahle cation” refers to sodium ion,
L B R 4T or e EAE I Brd A GARDAYS SFEAHEY 4
fers to

term "functional group acceptable.as a prodrug” r .
L B Tomelfy T FoUT: azbiory et arBas bt oratet idarii 2

roup, methoxymethyl group and 5-methy1-2-oxo- 1,3-dioxolene-4-y1
hycgﬁSﬁ%bTﬁéE ?é?‘moﬁ‘na?og%{nugfé%ﬁ}'ere?etrgr?é fluorine, chlorine, bromine and

iodine, éo%ojoj}& an dTrllle t Irglc"eaékyl group I%aving 1 to 6 carbon atoms"

refers 16 e ay group, progy group, -propy?gr'oup, butyl group, 2- butyl

group, 1,1-dimethylethyl group, pentyl group_and hexyl.group. The ter
) ''cyclrg)!f'}ﬁ(yfgogn |Oo‘1}|{1a8\l/ir%(gcg?c])f ic%?bor? a@msa‘%fg ?e’fe%gg[%rce)%: oplr(r)lp)*/ilrfrl]e

ger,%ﬁg ’%%%%M greyn, @’f'%psengw rgﬁ%§9g§gglo£ é?%;r;,rogg. The term

yl group having 1't0 3 carbon atoms" refersto m oup, ethyl

fll% ﬁ%@y@?&’&%@w’ %l'%%%a%%%@fla%%%?p@l@%ﬂ QHBTHE ierQZ}éaup , 4

oxy group having on atoms" refers to methoxy group,

flu%?%%xg'}%}‘? BE‘%R%VCQEOEP’@—'&’E%%&{BHB%?E' ;%ggqpfggp)ﬁquigroyp.

The term "aryl group” refers to phenyl group and naphthyl group. The term

nyd PEIRIQaTYL group;: refers fo,pyridyl group, pgﬂa?igjnx'sgrgumw%w atom or
group, pyridadinyl group, thiazolyl group, and imidazoy! group. 2

=CJ¥DVﬁﬁQ¥g3§CyéTE“%9Q@%§£HDQtom, halogen atom, methoxy group,

difluoromethoxy group or methyl group),

and salts and hydrates thereof.
5) The compound according to 1) above, wherein in the
general formula (I), Rl is a cyclopropyl group, 2-
fluorocyclopropyl group, ethyl group, 2-fluoroethyl group, 4-
fluorophenyl group or 2,4-difluorophenyl group; R4 is a
hydrogen atom or a fluorine atom; R5 is a fluorine atom or a
methyl group; R6 is a hydrogen atom or a fluorine atom; and A
is a nitrogen atom or =C-X (where X is a hydrogen atom,
halogen atom, methoxy group, difluoromethoxy group or methyl
group),

and salts and hydrates thereof.
6) An antibacterial agent containing as an active ingredient
the compound according to 1) to 5) above or a salt or a

hydrate thereof.
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[0013] The compounds of the present invention represented by the
general formula above are novel compounds. They are safe to use and
exhibit strong antibacterial activity against gram 5 positive bacteria, in
particular drug-resistant bacteria such as MASA, PRSP and VRE. BEST
[00'\4? E FOR CARRYING OUT THE INVENTION [0014] Examples of the
guinolonecarboxylic acid derivatives 10 represented by the

above-described general formula (1) include
ey Do T B0y S by HoTey ARy 10 kB oy Ry
1 -6-f|uoro-1,4-a$h)%dro-8-meth%>iye-4-oxo-.3- guinolitnecarbtoxylic gcid

P -5{/“&86%%% f( S?4C§)?§D-E§c opro%‘il/ alrﬁirﬁomré?hy/efi-flu%rc?—i Jigm Lon,

oYL 4-dibydho: 8 methoxy-4-0x0:3; quinglinecaboalicacid, o,
P -cyélopropyf—’?-ﬂ% ,4653-é{cyé10pr’opy?aminomethfl-?ﬁuoro- pyrroWdiny ’

anogg%}@;(;%ré’f%dif'%‘&ﬁ%@%“ﬁ’ﬁ'1g%19&@’dar8'c4e'%%§°a'%ig“%‘é’”%%?@%ﬂi&n refers
1-¢ ’C| ropyl-7- )-3-cyclopro min hy1-4-fluoro-1pyrrolidiny .
oA atho e i e B mGTca b Ao, o a3

gro]ﬁg¥CI%Pl@gX 11782%1?9 '?ﬁ%ﬁ%@%%}’r@@E‘?E‘%@%ﬁé‘?ﬁﬁ‘@i{ethy1—2—oxo—

pyrrolidiny1-6-fluoro-1,4°d -methoxy-4-0xo

1,§B&T§E§¥8H§¥Xﬂ ?C@roup. The term "halogen atom" refers to
1-cyclcprepyl-7-(frans-3-cyclcprcpylamincmethyl-4-

£1JAtpcremetiy L 1-purredidiny:6:flugre-1 4qglipydre-8-methexy4-cxe-3-qui
nclinecarbcxylic acid,

[0 Oll-gyfcicpropy1-7-[(38,4R)-3-cycicpropyiamincmethy1-4-methy1-1- 5
pyrrciidiny1]-1,4-dihydrc-8-methcxy-4-cxc-3- quinciinecarboxylic acid,

1-cyedeprepyds 7-[BR.¢9)-Jreygl cRicpy haminampetfly Lg=methyle Lrs v refers

pyrrclidinyl1]-1,4-dihydrc-8-methcxy-4-cxc-3- quinclinecarbcxylic acid,
to ethyl group, propyl group, 2-propyl group, butyl group, 2-
butyl group, 1,l-dimethylethyl group, pentyl group and hexyl
group. The term "cycloalkyl group having 3 to 6 carbon atoms"”
refers to cyclopropyl group, cyclobutyl group, cyclopentyl
group and cyclohexyl group. The term "alkyl group having 1 to
3 carbon atoms" refers to methyl group, ethyl group, propyl
group, 2-propyl group, and cyclopropyl group. The term "alkoxy
group having 1 to 3 carbon atoms" refers to methoxy group,
ethoxy group, propoxy group, 2-propoxy group and
cyclopropyloxy group. The term "aryl group" refers to phenyl
group and naphthyl group. The term "heterocaryl group" refers
to pyridyl group, pyrimidinyl group, pyradinyl group,
pyridadinyl group, thiazolyl group, and imidazoyl group.

ADVANTAGE OF THE INVENTION
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10 1-cyclcprepyl-7-[(3S,4R)-3-cyclcprcpylamincmethyl1-4-flucrc-1-
pyrrclidinyl]-6-flucrc-1,4-dihydrc-8-methcxy-4-cxc-3-
quinclinecarbcxylic acid,
1-cyclcpropyl-7-[(30,40)-3-cyclcpropylamincmethyl-4-flucrc-1-
ODy£rclidinyl]-6-f|ucrc-1,4-dihydrc-8-methy1-4-cxc-3- 15

[00Fr A.. . .
guinciinecarboxylic acid,
7-[(3S,4S)-3-cycicpropyiamincmethy1-4-fiucrc-1-pyrreiidiny1]-
O R S o TGy T 4 O G Boresented by the
methexy-3-quinciinecarboxylic acid

TN 38 4% Gy FicBiopy ety e SRR L iy aY. 25 °afe ©°

us S TugrCLIR 29):2fyerooyciepropydl- S-difucromehoyt ddiydre ok,

c-3-quinciinecarboxy ,
7-[(35,45)-3-cyclcprecpylamincmethyl-4-flucrc-1-pyrrclidinyl]- .
o tre A 1R 510 My LBy 1] Ty ore oot e

1-3;quinclin xylic acid, 25

s 7@%{%,’4 )g??-%]y&rclfﬁ%%%%;}nincmethy1-4-fiucrc-l-pyrrciidinyl]-

sesTIEAS UCEREORI LA YA LGS methoxy-3-
quinciinecarboxylic acid,

[0 ol S,4S)-3-cyclcpropy1amincmethy1-4-flucrc-l-pyrr_cl?_dinyl]- _
1-ethy1-6-flucrc-1,4-dihydrc-8-methcxy-4-cxc-3- 5 quinciinecarboxylic
acid 2 [(35:49)-3£vel eprepylaminsmethylodiyerc=lpyralidinyl; ve
6-flucrc-1-(2-flucrcethyl)-1,4-dihydrc-8-methcxy-4-cxc-3-

reﬁ¥%@%H@%§9¢3 %%%aggove—described general formula (I) include
1-cycicpropyl-7-[(3S,4R)-3-cycicpropyiamincmethy1-4-methy1-1- 10

1- &}’é%ﬁhﬂ&!ﬂ%‘@i Hicicr 3 4-difydre-8-mathexysA-cxer3-ifgineearoxylic, .o 1 -
acid, 1-cyc cprcpyl-?-[(SS,4S)-3-cyc1cprcpy amincmethyl-4-methyl-1-

py&yérﬁ%ﬂ'%)ﬁzji]]&éluﬂ%&r%d Hydrcs8metheXr-4rXCrdixy — 4—oxo-3-
quinclinecarbcxylic acid, 15

qu ikeYCkePreNs L BR48):3-cyclcprepylamincmethy1-4-methyl-1-
pyrrclidinyl]-6-flucrc-1,4-dihydrc-8-methcxy-4-cxc-3-

1-guinchnegarhoxylic 8eidas) —3-cyclopropylaminomethyl—-4-fluoro—1-
1-cycicpropyl-7-[(3R,4R)-3-cycicpropyiamincmethyl-4-methy1-1-

py d¥BClidinydIrG-fiucic-4 Adiydres8-mrethexyy4£x6:3 20
quinciinecarboxylic acid,

qu ifil{3S:R:3wEyelaprepylamincmethyl-4-methyl-1-pyrrclidiny1]-
6-flucrc-1-[(1R,2S)-2-flucrccyclcprcpyl]-1,4-dihydrc-8-

1 - dethexy-4oeXc-3-quired jnecarbexyliclagid opy laminomethyl-4—-fluoro-1-
7-[(3S,4S)-3-cycicpropyiamincmethyl-4-methy1-1-pyrrciidiny1]-

pyrrolidinyl]-6-fluoro-8-difluoromethoxy-1,4-dihydro-4-oxo-3—

guinolinecarboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-8-difluoromethoxy-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid,
l-cyclopropyl-7-(trans—-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-

gquinolinecarboxylic acid,
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25 6-fiucrc-1-[(1R,2S)-2-fiucrocycicpropyl]-1,4-dihydrc-8-
methoxy-4-oxo-3-quinolinecarboxylic acid,
7-[(30,40)-3-cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-
1-ethyl-6-fluoro-1,4-dihydro-4-oxo-3-quinoline carboxylic acid,

o S L TR it A e
s R R dro s oy~
o R R LA L B B o3, ainolinecarboxylic acid,
O DT 3 PG AL I AN i Yy 1 - 4-methy1 -1
e e e Do Sy 1)

qui651(‘; Qrﬁ’élc'z%%’ééqgﬂlﬂrgphgni 1)-1,4-dihydro-4-oxo-3- quinolinecarboxylic
acid, 1-cycloprop 1-7-[(% ,40)-3-cyclopropylaminomethyl-4-fluoro-1- 20

1 —ﬁ}é{ﬁ&%@@%ﬁ'—f IoFQ-dpd-glify deo-450x05 1,8 0aRNIRYding3; Garbexylic 1 -1 -
py e EMGIARTePY1-7{(30 40):3:Gycloprapylagunometiyl 4-fluoro-1pyrrolidiny 1]
-6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid, 25

qu i%gxqgg@gyg)giggqélog-gi%yclopropylaminomethyl-4-fluoro-1-
pyrrciidiny11-6,8-difiucrc-1,4-dihydrc-4-cxc-3- quinciinecarboxylic acid,

1- 3?'8% £ YCLEProRyE - 1H(35343): 310y G L cpropy taminemedy L-f- £ 1 yoro-1-
flucrc-1-pyrrclidinyl]-6-tlucrc-1,4-dihydrc-4-cxc-3- 5 quinciinecarboxylic
py 3G GHEP14S)s3-eyctenschy lamingmeityls4sflugrcsdypyrelidiny1]-
gquinolinecarboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-
guinolinecarboxylic acid,
7-1(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-8-
methoxy-3—-quinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-8-difluoromethoxy-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid,
7-1(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo—-8-
methyl-3-quinolinecarboxylic acid,

7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
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6-flucrc-1-[(1R,2S)-2-flucrccyclcprcpyl]-1,4-dihydrc-4-cxcl,8-naphthyrid
ine-3-carbcxylic acid,
7-[(3S,4S)-3-cycicpropyiamincmethyl1-4-fiucrc-1-pyrrciidinyl]- 10
6-fiucrc-1-[(1R,2S)-2-fiucrocycicpropy1]-1,4-dihydrc-4-cxc-3-

_quingii cgg)_o lic acid, ~ L e ol L
1- (a5 S cydieproRRRRRRR AL e yeaifygyo -8 -methoxy-3
qui%g%frlluecg%-rlg[é%ﬁ%%%)-gglygrocyucpropyl]-l,4-d|hydrc-4-

cxc-3-guinciinecarboxylic acid, 15

chlcre-7-[(3S,4S)-3-cyclcprepylami 1.4-flucre-1- .
T LT ot (TR D)0 HLes by c g apy L b PY=roLidinyl-

i rc-4-cxc-3-quincljnecarb lic acid
L e e oy oo

qu f%%i‘i‘%‘é’é’ércﬂg@ ﬁg—figgri%,1,4-dihydrc-8-methcxy-4-cxc-3- 20
qumcunecarrboxy ¢ acid,
-aminQ-1-cyclcprepyl-7- 45)-3-cyclepropylamincmethy1-4- - . .
7 e A al iy -
e by L L 6 e L Hgart B e TR g Fotddiny

6—&%%%%%‘3—38’99)9’11%%99&@1) ~1,4-dihydro-8-methoxy-4-oxo—3-
5-amino-7-[(3S,4S)-3-cycicpropyiamincmethyl-4-fiucrc-1- 25

Rysrelidiny1 -G gwerc-1-[61R.45)-2-flucrocycicpropyl]-1,4-

dihydro-8-methoxy-4-oxo-3-guinolinecarboxylic acid,

_ Saming-Z((30.40):3-cyclppropylaminomethyl-4-fuorgrhnvkrolidiny Al el _ -

i i o L S

oy HMAre:8; ethyl-410x0-3-ghinpline carboxvlic acidyg xy—4-oxo-3-
7-[(30,40)-3-cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-

quiBiflearosl.4-qinydro; 1-(1,d dimethylethyl)-4-oxo-1,8-
naphthyridine-3-carboxylic acid,

1- A H3040):35ayclonrepylamyinormethyd 4:ugro-1-pyrroligioyil 1 - 4—methyi-1-
K -fluoéﬂﬁl,%dihm?l-(l,1-0?imetr%}lyethy§-4-?>{o-3- 10 guinol#ecarb%iylig

py 8.1 H(39.A0)B-¢yclepropylamipametivd-4fluara; Lipyrelidipyls
6,8-difluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-oxo-3- guinolinecarboxylic

quiatid, and-saltsand hydratesithereof. [0015] 150ne exemplary process for

producing the compound of the invention represented by the general

1 -Jomula(bds descrihekbeloy. 004611 cpropylaminomethyl-4-methyl-1-

qu

pyrrolidinyl]-6-fluoro-1, 4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid,
l-cyclopropyl-7-[ (3R, 4R)-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy—-4-oxo-3-
guinolinecarboxylic acid,
7-1(3S,4R)-3-cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]—
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]—-1,4-dihydro-8-
methoxy-4-oxo-3-guinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-

6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]l—-1,4-dihydro-8-
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A compound represented by the following general formula 20(Il): [0017]
R3 0 R4ykirly.COOR8 R1 [0018] [wherein R1, R3, R4 and A are as
defined with reference to the general formula (1); R7 is a halogen atom,
such as fluorine, chlorine bromine and iodine; and R8 is a hydrogen
tom, an 5 aIky grou ving 1 to 6 carhan atoms, benzyl group or a
met%me%]y représen ea[% e%égll?owmg geﬁ%ra? A (111): [0019] PO(H)

]3% [04057-)0] 0 {yherein B2 a0d R10. a6 &ach ndenendently & Iyomne i ny11 -

l-ethyl-6-fluoro-1,4-dihydro-4-oxo-3-quinoline carboxylic acid,

-[(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl] -
l-ethyl-6,8-difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic
acid,

-[(3S,4S)-3-cyclopropylaminomethyl—-4-fluoro-1l-pyrrolidinyl]-
6-fluoro-1-(2-fluorocethyl)-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid,

-[(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl] -
6,8-difluoro-1-(2-fluorocethyl)-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid,

-[(3S,4S)-3-cyclopropylaminomethyl—-4-fluoro-1l-pyrrolidinyl]-
6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1, 8-
naphthyridine-3-carboxylic acid,

-[(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-
carboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1, 4-dihydro-4-oxo-3-quinolinecarboxylic
acid,

l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-

10
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a lower alkylcarbonyloxy group)] is reacted with a compound represented
by the following general formula (IV): [0021] R6NNH(IV) R11 R5 15[0022]
(wherein R5 and R6 are as defined with reference to the general formula
(D; and R11 is a hydrogen atom or a protective group of the nitrogen

oy rg%%Ti gliur:lh a _tl%ut gé;icfalreagfj_gfo%g) O1C)rli%n acid-addition,salt thereof. If

I
necessary, the boron chielate, ester or éjﬁﬁr_o%e%gﬁro ecting group

I .ma; beergran vgg frlon?: tr}je resulting product to give the desired compound.
4 1168 é]n THE Téaction of the compound of the general formula (1) with

o~ somapund o o gevere (1) caed oD e asenen o, o

presence of d SO in the presen or agent.

Examples of the solvent are alcghols, acetgnitrile, dimetl _Isulfogéd_e,
L R GmByito AL G R Sctanida, REmetpsholdone,

.tetr§h¥ldrofur%n digxane, be(g]zene, and toluene. Examples of the acid
quinolinecarboxyIlic acid, . .
receptor agent are carbonates or bicarbonates of alkali metals and 10

7- glkaling.eartn melals ang hoig organic qQpguads.sych as isthvaming,

diazabicyclo-7-undecene and pyridine. The reaction is typically carried ou

6- AL gegperature of [gom tempsratiee t o%@o%ﬁT—ErﬁﬁiréPWy%f% —4-0x0-

temperature of 25C t0 150C, and comes to an end in a time périod of 30

1, dNiN_I0¢ %{} haurs, typically,i.a ime peripd of 30 min to 15 hours. [0024]

If desired, the compounds represented by the general formula (I) can be

7- coRwerted tq theirsalis by ordinary iechnjgyes, Examplgs pf sych salisarg, 1 ;-

salts formed with 20 inorganic acids suchas hydrochloric acid, sulfuric

6 -Gl apd phosphorigacid. salfs formed Wiy organic acids syeh aso—4-oxo-3-

methanesulfonic acid, lactic acid, oxalic acid and acetic acid, and salts
qu faEmed with,sqdiym, potassiym, magnesium, calcium, aluminum, cerium,

chromium, cobalt, copper, iron, zinc, 25 platinum and silver.
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6,8-difluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-
oxo—-3—quinolinecarboxylic acid,
8—-chloro-7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-
dihydro-4-oxo-3—-quinolinecarboxylic acid,
5-amino-1l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl—-4-
fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid,
5-amino-1l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-
fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-
guinolinecarboxylic acid,
5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-

pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-

11
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[0025] The compound of the present invention can be administered
to humans or animals in pharmaceutically well-known forms through
pharmaceutically well-known routes. For example, it 5 can be
administered orally or non-orally in the form of powder, tablets, capsules,
ai ogtj_;r(n)e_rg,_lnrlléet%tllon, s%rygi,osi%jutlons, eyedro sr%nod SLip,pOSItOI’,I s. [0026]

ie Compounds o the present invention-and the Salts 10 thereor may

have multiple.gptical ispmers with two or more asymmetrjc carbon atoms,
5~ O SucH Bkl [Comars R SR R ar s well a6 milired and
racemic. mixtures thereof in a gjven ratio arg encompassed by the ..
pyrlﬁ\?g[n ijgﬁ.l{égzﬁ 1E%>?§rﬁp€s t Fﬂ{%g@ pger#oflr%]%lgog ggr%%]éﬁﬁc\fs} bf thie”
.. presentjnventjon.and exemplary processes for, producing the compounds
T e desirbed in detal Vith feferance o exdrales: [0038] 20

7- (Feference.Example 12 Syntesis gLANS 3 Ve ORIARYIAMPOmEiYids 1 )

methylpyrrolidine Step 1.
6-fluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-oxo-1, 8-
naphthyridine-3-carboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-
6-fluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-oxo-3-
guinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6,8-difluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-ox0-3-
gquinolinecarboxylic acid, and salts and hydrates thereof.
[0015]

One exemplary process for producing the compound of the
invention represented by the general formula (I) is described
below.

[0016]
A compound represented by the following general formula
(IT)
[0017]
R3
R4~ l COOR,
\ | (ID
R7” A w
R1

12
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trans-1-Benzyl1-4-methyl-3-pyrrolidine carboxylic acid 25 (4.04 g) was
dissolved in dichloromethane (50 mL). To this solution, 1,1'-carbonyl
bis-1H-Imidazole (3.58 g) was added and the mixture was stirred at room
temperature for 1 hour. While the mixture was chilled in an ice bath,
[Oog%/gé)opropylamine (2.53 mL) in dichloromethane (15 mL) was added
ropwise and 5 the mixture was stirred at room temperature for 3 hours.
Subsequently, the regction mjxture was w z!ged with water, dried over
S oS ot bt G Cen oot o it Beafe e the
residue was cr sta{l' edf a_hexane/diisopropyl ether mixture, and the.
o Ll L TG sl s St RETAn B pr Gy SRS, . ™
and.dried %gder.reduge%ll pressure to gi

iv :
hi 8 RS hyd tom,
c t%nls?f-’benz;?mgyeclof)lropif- %neefhy -%-pyrrolﬁjlsneaca oxamide as white™"

crystals (4.07 g). MP: 81-83C_15 MS (El) m/z; 258(M2)..[0029] Step 2:
L L e e e M D L BIEP 0 g

mo 1433, syshended, Ip anhydrqus 2Q.tefr Q%%Of“raé‘ﬁe@glm'f)o%ﬁ’ut B (111):
suspension, a 1M tetranydrofuran solution of orane-tetrahydrofuran
plex (58.8 mL) was added and the mixture was refluxed for 8 hours.
Subsequently, a 2mo3/L aqueous solution of sodium hydroxide (35 mL)
W added and the mixture was refluxed for 4 hours. 25 The reaction

IXture was th?ﬂlyoncentrated under reduced
R10

[0020]
(wherein R9 and R10 are each independently a fluorine atom or
a lower alkylcarbonyloxy group)] is reacted with a compound

represented by the following general formula (IV):

[0021]

R6” ‘v/\\X::NH (IV)
R11J

[0022]

(wherein R5 and R6 are as defined with reference to the
general formula (I); and R11 is a hydrogen atom or a
protective group of the nitrogen atom, such as t-
buthoxycarbonyl group) or an acid-addition salt thereof. If
necessary, the boron chelate, ester or the nitrogen-protecting
group may be removed from the resulting product to give the

desired compound.

13



10

15

20

25

pressure and the residue was extracted with toluene (2 x 100 mL). The
organic layers were combined, washed with water, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The resulting
residue was dissolved in 5 dichloromethane (50 mL), followed by addition
00 ozf j-tertbutyldicarbonate (3.53 g) and stirring at room temperature for 4
Qno s. The mixture was then concentrated under reduced pressure and

Lﬁﬁﬁi%ﬁee%ig&%@eﬁ )y ;‘é;a%gi%n%‘?l%‘”ocpr%‘é‘t%ger%@%Ehe%&”r%ula (I1)
. trans-1-benzy1-3-[[(N-tert-butoxycarbonyl-N- . .
Wltc%/(?%beroﬁﬁfn rﬁi%%(néjt VB Sm é@?ﬁyar?olfal\llonrem&& é}\a@ a ColGriess oif. out
in gg (Fﬁ\?+ m/z: 345 (M512). HeAI\éI§ (FAB? 15 galcdéor ¢ resence of
TH33N Sf®ﬁf) 259 ;Foung: 345250 [88 O]lélteph:f: P
trans-1-Benz %b3r-[[%N-terﬁ-but%x carq

onyl-N-
an ca)l/% od|or(1):§y)e mlnolmgt%?I -'Af-metﬁﬂgyrergllid)lrgez%{gosg? Watesn&isggl$e3 ]l’nCOhOlS ’

ace g@d‘%‘é%%'%ﬁé‘)e'-)dIﬂeﬂé'@%ﬁ"é%tiof%;? 1204 paliagium gathon (E"g HOONWAS -

al a mixture was stirred at room temperature for ours under ’

din??@%‘gfd?%g @é%ﬁhs&g‘? (,)Iﬁ?m()e% 192 5A 2ubseguently. tbe cAtalySIWas,
filtered and washed wit
dioxane, benzene, and toluene. Examples of the acid receptor
agent are carbonates or bicarbonates of alkali metals and
alkaline earth metals and basic organic compounds such as
triethylamine, diazabicyclo-7-undecene and pyridine. The
reaction is typically carried out at a temperature of room
temperature to 200°C, and preferably at a temperature of 25°C
to 150°C, and comes to an end in a time period of 30 min to 48
hours, typically in a time period of 30 min to 15 hours.
[0024]

If desired, the compounds represented by the general
formula (I) can be converted to their salts by ordinary
techniques. Examples of such salts are salts formed with

inorganic acids such as hydrochloric acid, sulfuric acid and

phosphoric acid, salts formed with organic acids such as

methanesulfonic acid, lactic acid, oxalic acid and acetic acid,

and salts formed with sodium, potassium, magnesium, calcium,
aluminum, cerium, chromium, cobalt, copper, iron, zinc,

platinum and silver.

14
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25 ethanol and the filtrate was combined with the washings. The residue
was then dried under reduced pressure to give trans-3-
[[(N-tert-butoxycarbonyl-N-cyclopropyl)aminolmethyl]-4- methylpyrrolidine
as a pale brown oil (2.12 g). MS (FAB+) m/z: 255 (M512). 5 HAMS (FAB+)
[002%1 d for C1015127N202(MH2): 255.2073; Found: 255.2079. [0031] Step
:10trans-3-[[(N-tert-Butoxycarbonyl-N-
cyclopropyl amino]f ethyl]-4-methylpyrrolidine (2.07 g) was dissolved in
oIS GUTRE L1D i, Ao e S MioH WAt BT i Ance Bafi 1 stered
trifluoroacetic acid (5 mL).was added and.the mixture was stirred at room
to DS RE 1o P RANS. 16 TR TERRG biara el Tdn SoRSEhaa]
under reduced pressure. The resulting residue was dissolved in .
R 6 B e SoTticH WA aTOE T stho abFmR e 1t
temperature for 13 hours, The resulting crystals.were filtered, washed with
Carltetrk?ghyadjrtg u?alr?,taenr ékiieodr an(}gr reduced 20 ]B?ess{lrel to éivg 24T 8 of powder,
trans-3-cyclopropylaminomethyl1-4- methylpyrrolidine trifluoroaceate.. Thi
tapidPso-CYE ORIORYIA oyt pyrrgiiding frijjoroaceate ,
? s:?t (3.37 5)8 was df’sso?vlerglcln%vater 65n L) and & 20% allaouseousosolfutllc%nof
sodium hydroxide wa atqgeﬁ tg adjust the solution to pH 14. The mixture
eyeWas. hen extract§§/ ngt}]:l diet ;e/I ether (2 x 50 mL) and 25 the diethyl ether
rs were combined, dried over anhydrous sodium sulfate, and
[003Y¥
concentrated under reduced pressure. The resulting residue was purified

by di?ﬂléat@@nﬁm%cﬁgq%%Edcplrgsﬁgr@s@n@\@nven_tion and the salts
trans-3-cyclopropylaminomethy1-4- methylpyrrolidine (660 mg).

thereof may have multiple optical isomers with two or more
asymmetric carbon atoms, and all of such optical isomers and
diastereomers as well as mixtures and racemic mixtures thereof
in a given ratio are encompassed by the invention.
[0027]
Examples

Tests performed on compounds of the present invention and
exemplary processes for producing the compounds will now be
described in detail with reference to examples.
[0028]
<Reference Example 1>

Synthesis of trans-3-cyclopropylaminomethyl-4-

methylpyrrolidine

Step 1:
trans-1-Benzyl-4-methyl-3-pyrrolidine carboxylic acid

(4.04 g) was dissolved in dichloromethane (50 mL). To this

15



10

15

20

25

5 151 NMR(CDC13): 6 0.30-0.37 (m, 2H), 0.41-0.45(m, 2H), 1.04(d, J =
6.3 Hz, 3H), 1.66-1.76(m, 4H), 2.08-2.13(m, 1H), 2.46(dd, J =7.3 Hz, 10.7
Hz, 1H), 2.57(dd, J = 8.3 Hz, 11.7 Hz, 1H), 2.63(dd, J =6.3 Hz, 10.7 Hz,
1H), 2.80 (dd, J = 5.4 Hz, 11.7 Hz, 1H), 3.10 (dd, J =6.8 Hz, 10.7Hz, 1H),

3.14 (dd, J=7,3 10 Hz, 10,7 Hz, 1Hé. Elemental anrt! sis (%) Calcd for
SO TGN 20 S5 T B 1 G 2 5 Parhr i A0 ali o Sdded
47, N: 7.37.[0032] 15 <Reference Example 2> Synthesis of
g R R e L. R TR e Saag qF 1 hour.
(3R,4R)-1-Benzyl-4-methyl-3-pyrrolidine carboxylic acid 20 (6.27 g) wa .
i e o A0 PR amine

lopropylamine (1.76 mL).and 1-ethyl-(3- .
(L e B A i difl e i opwise and

cneSguenlialy gdded and fhe mixtute was stied At room tempesatye (or 4
ours. ubsequent y, the reaction mixture was washed with water,

surl !eeg‘?'u%‘ﬁe{ P”hygﬁousr%oadé%r?oslr‘}“f & @L?fecovﬁ‘&g niratedunderrgduced, |

pressure. Thé residue was purified by silica gel column chromatography

A L bnsy Nycloprony -4 Mo gy Sabsmae ™
reogg/ociz@?dg)p%%\é@ﬂ? Srystals, 5Ms: (M7 258 (M%) Elemenialanglysis
hexane/diisopropyl ether mixture, and the crystals were
filtered, washed with a hexane/diisopropyl ether mixture, and
dried under reduced pressure to give trans-1l-benzyl-N-
cyclopropyl—-4-methyl-3-pyrrolidine carboxamide as white
crystals (4.07 qg).
MP: 81-83°C
MS (EI) m/z: 258(M").
[0029]
Step 2:

trans—-1-Benzyl-N-cyclopropyl-4-methyl-3-pyrrolidine
carboxamide (3.80 g) was suspended in anhydrous
tetrahydrofurane (85 mL). To this suspension, a 1M
tetrahydrofuran solution of borane-tetrahydrofuran complex
(58.8 mL) was added and the mixture was refluxed for 8 hours.
Subsequently, a 2mol/L aqueous solution of sodium hydroxide
(35 mL) was added and the mixture was refluxed for 4 hours.

The reaction mixture was then concentrated under reduced

16



Calcd for 0165122N20: C; 74.38, H; 8.58, N; 10.84 Found: C; 74.46, H;

8.67, N; 10.72. [0033] 10 Step 2: Using
(3R,4R)-1-benzyl-N-cyclopropyl-4-methy1-3- pyrrolidine carboxamide

(5.52 g), the same procedure was followed as in Step 2 of Reference
Example 1t qive (3R,4R)- 1-benzyl-3-[[(N-ter -butot C%Eabﬂ?%/l'l\l'&gn%nloo

PT <SetbpropylfamineImetiy-Aemetisyirolidine .18 ) as & pais br

mL)MS AB? m/z: 34? (M512). I;|VAMS I%A%Jc) Cglcd for with water,
081H3SNZOZMAE): 335 7542"20 Fouftd: 345 2585 [00Y4T Step 3:
TG LS R b AR SN oS RS AR
red‘éitg‘g h%'géréoé{#‘i}%;(‘é@g%gg eéhs%t (;? gfigmer%ré’%%‘érew"é’%s fpllowed asyin;
dic(gﬁt?f}:%)rﬁéé g‘g&rt' O&CE‘Ib%”o\i'jl’\%%)/g'?‘;ﬂpé‘%%@ﬂ@%@e%‘%’ Tfrmethylp
yrrolidine (2.88 Q). ( +) m/z: 2).
butyldicarbonate (3.53 g) and stirring at room temperature for
4 hours. The mixture was then concentrated under reduced
pressure and the residue was purified by silica gel column
chromatography (hexane: ethyl acetate = 4:1 -> 1:1) to give
trans—-1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (3.07 g) as a
colorless oil.
MS (FAB') m/z: 345 (MH").
HRMS (FAB")
Calcd for C,1H33N,0, (MH') : 345.2542;
Found: 345.2505.
[0030]
Step 3:
trans—-1-Benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]—-4-methylpyrrolidine (3.00 g) was
dissolved in ethanol (50 mL). To this solution, 7.5% palladium
carbon (300 mg) was added and the mixture was stirred at room
temperature for 6 hours under a hydrogen pressure of 3.9 x 10°

Pa. Subsequently, the catalyst was filtered and washed with

ethanol and the filtrate was combined with the washings. The

17



10

15

20

25

HAMS (FAB+) 5 Calcd for C1215127N202(MH2): 255.2073 Found:
255.2070. [0035] Step 4: Using (3R,4R)-3-[[(N-tert-butoxycarbonyl-N- 10
cyclopropyl)aminolmethyl]-4-methylpyrrolidine (2.78 g), the same
procedure was followed as in Step 4 of Reference Example 1 to give

R4R hyl-4 h lid 730 S f
%ﬁﬁg"o@vﬁgwm%f& SR e

éﬁon méthanol): I5 Eféie
5119 F3000H % 4 FOUI‘]d C; 4E’ 7;1 H

84 3
LRy rdb%%Tz s el S (e

S4S ylamlnom hy -4- methylpyrrolidine Step 1:
me gng §§ 4 EBenzySl Z- rﬁea%yl- - yrrolldYr#e éﬁ)b%lgyf? acid (14.5 g),

w ollowed as in Step 1 of 25 Reference Example 2
Zglve (ng §) 1- gé%nzﬂ%f{l -cyclopropyl-4-

HRMS (FAB")
Calcd for Ci4H,7N,0,(MH"): 255.2073;
Found: 255.2079.
[0031]
Step 4:

trans-3-[[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (2.07 g) was
dissolved in dichloromethane (10 mL). While the solution was
chilled in an ice bath, trifluorocacetic acid (5 mL) was added
and the mixture was stirred at room temperature for 2 hours.
The reaction mixture was then concentrated under reduced
pressure. The resulting residue was dissolved in
tetrahydrofuran (6 mL) and the solution was allowed to stand
at room temperature for 13 hours. The resulting crystals were
filtered, washed with tetrahydrofuran, and dried under reduced
pressure to give 2.47 g of trans-3-cyclopropylaminomethyl-4-
methylpyrrolidine trifluorocaceate. This salt (2.37 g) was
dissolved in water (5 mL) and a 20% aqueous solution of sodium
hydroxide was added to adjust the solution to pH 14. The
mixture was then extracted with diethyl ether (2 x 50 mL) and

the diethyl ether layers were combined, dried over anhydrous

18



methy1-3-pyrrolidine carboxamide as pale brown crystals (6.33 g) MS (EIl)
m/z: 258 (M2). Elemental analysis (%) 5 Calcd for 016H22N20: C; 74.38,
H; 8.58, N; 10.84 Found: C; 74.64, H; 8.66, N; 10.71. [0037] Step 2: Using
(3S,4S)-1-benzyl-N-cyclopropyl-4-methy1-3- 10 pyrrolidine carboxamide

6.13 q), }{%e ame rgced‘ﬁge%at%?t”g&’egn%?e@ SR AL REEINCE ¢ The
xample ﬁ‘)gl(/e 3 ,4%3-

codjpena 2 ibier bupastont o bgp oo e .o
o AMS.EABY) Celed or QBIHIINAOUMIIZ), 345,252 Koy, 345.2547
methylpyrrolidine (660 mg).

'H NMR(CDCls): & 0.30-0.37 (m, 2H), 0.41-0.45(m, 2H), 1.04(d, J
= 6.3 Hz, 3H), 1.66-1.76(m, 4H), 2.08-2.13(m, 1H), 2.46(dd, J
=7.3 Hz, 10.7 Hz, 1H), 2.57(dd, J = 8.3 Hz, 11.7 Hz, 1H),
2.63(dd, J =6.3 Hz, 10.7 Hz, 1H), 2.80 (dd, J = 5.4 Hz, 11.7
Hz, 1H), 3.10 (dd, J =6.8 Hz, 10.7Hz, 1H), 3.14 (dd, J = 7.3
Hz, 10.7 Hz, 1H).

Elemental analysis (%)

Calcd for CoH;1gN,*2CF3COOH: C; 40.84, H; 5.27, N; 7.33

Found: C; 40.90, H; 5.47, N; 7.37.

[0032]

<Reference Example 2>

Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4-

methylpyrrolidine

Step 1:

(3R, 4R) -1-Benzyl-4-methyl-3-pyrrolidine carboxylic acid
(6.27 g) was suspended in dichloromethane (250 mL). To this
suspension, cyclopropylamine (1.76 mL) and l-ethyl-(3-
dimethylaminopropyl)carbodiimide hydrochloride (12.2 g) were
sequentially added and the mixture was stirred at room
temperature for 4 hours. Subsequently, the reaction mixture

was washed with water, dried over anhydrous sodium sulfate,
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Using
(3S,4S)-1-benzyl1-3-[[(N-tert-butoxycarbonyl-Ncyclopropyl)aminolmethyl]-
4-methylpyrrolidine (4.47 g), the same procedure was followed as in Step
3 of Reference Example 1 to give (3S,45)-3-[[(N-tert-butoxycarbonyl-N- 25

I lYaminglmethyl]-4-methyl lidine (3.05 MS (FAB+) m/z:
L ToL3), NS (FABY) CAIGe Tof G152 205 P 2) 596 Sbr
Found: 255.2075. 5[0039] Step 4: Usi
puﬂﬁgg%%i?ﬂxﬁigaién&%%aﬁa%ﬁmRﬁngromatography (ethyl acetate:
I Hami thyl]-4- I lidine (2.8 th
e S ature vt oo A6 1 Sieb 4La0 Reerence Brampe SO T8 Be ¢

metff%{?f,‘_%):P;&%%%%’Eﬁ%’%%ﬂ%‘éﬁb%%}éﬁagew '.%m"?ihaefgzgq llg)élfcgﬁfgg Ca1s.

otation: ¢ ano emental anatfysis a
MS gp%ﬁ}ﬁyﬁ;.@ZéOFﬁg)omg;Ao.%, H; 5.27, N; 7.33 15 Found: C; 40.80, H;

Elemental analysis (%)

Calcd for Ci¢H,N,O0: C; 74.38, H; 8.58, N; 10.84
Found: C; 74.46, H; 8.67, N; 10.72.

[0033]

Step 2:

Using (3R, 4R)-1-benzyl-N-cyclopropyl—-4-methyl-3-
pyrrolidine carboxamide (5.52 g), the same procedure was
followed as in Step 2 of Reference Example 1 to give (3R,4R)-
l-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (4.16 g) as a
pale brown oil.

MS (FAB') m/z: 345 (MH').

HRMS (FAB")

Calcd for C,H33N,0,(MH"): 345.2542
Found: 345.2585

[0034]

Step 3:

Using (3R, 4R)-1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (4.00 g), the

same procedure was followed as in Step 3 of Reference Example

20



[0040] <Reference Example 4> Synthesis of
cis-3-cyclopropylaminomethy1-4-methylpyrrolidine Step 1:
20cis-1-Benzy1-3-hydroxy-4-methylpyrrolidine (6.81 g) was dissolved in
dichloromethane (70 mL). While the solution was chilled in a dry
1 |ce/aceton atll tleghyl (ﬁ21 m %was added, f Ilowed by
topwise ad a i Of methantsultonyl ChIGHIE (@ 68 L) and stirring for 1
our. Sub entl at (50 mL as added an the ture was
Sk R R ot sk e M
MS n&ofgér ed §nd t layer was extracted with dichloromethane (50
cﬁroromethane ayers were combined, washed with water,
HRD?s”eij% anhydrous sodium sulfate and concentrated under 5 reduced
pressure. lrhe resultlng residue was dissolved in acetonitrile (180 mL). To
Calcg $Iutlc§1 ﬁbbltyllqﬁ;rpon%% C@n]l e (23.9 g) was added and the
mixture Was tefluxe hours. Subsequently, the reaction mixture was
§ce9 ed.under reduced pressure and the residue was dissolved in
| 10 acetate (300 mL). This solution was washed with water, dried
hsial anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was then purified by silica gel column
st ecfprqmatography (hexane: ethyl acetate = 1:1) to give cis-1-
benzyl-4-methyl-3-pyrrolidinecarbonitrile as a brown oil (4.61 15 g). IR

(neal);2240, (1496, 1454 cmy7d, MS (2200 (M), 1 -

cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (2.78 g), the
same procedure was followed as in Step 4 of Reference Example
1 to give (3R,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine
(730 mg) .

Specific rotation: +74.6°(c = 0.648, methanol).

Elemental analysis (%)

Calcd for CyH;gN, *2CF3COOH: C; 40.84, H; 5.27, N; 7.33

Found: C; 40.73, H; 5.26, N; 7.306.

[0036]

<Reference Example 3>

Synthesis of (3S5,4S)-3-cyclopropylaminomethyl-4-

methylpyrrolidine

Step 1:
Using (3S,4S)-1-benzyl-4-methyl-3-pyrrolidine carboxylic
acid (14.5 g), the same procedure was followed as in Step 1 of

Reference Example 2 to give (3S5,4S)-1-benzyl-N-cyclopropyl—-4-
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[0041] Step 2: 20Lithium aluminum hydride (80%, 3.89 g) was suspended
in diethyl ether (90 mL). While the suspension was chilled in an ice bath,

cis-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile (4.11 g) in diethyl ether (25
mL) was added dropwise and the mixture was stirred at room temperature

for 1 hour. 25 Subsequently, a saturated aqueous salution of sodium
e L GBI LSS CaSy AHGEE AL B HE TeA bR LS (6
mixture was chilled in an ice water bath. The reaction mixture was then

g) ‘diluted with diethyl ether (100 mL) and the insoluble material was filtered

a as wash f% ith 5 diethyl ether. The filtrate and the washings were
MS c%gnmgvz hd% §No gar)ﬂb layer was concentrated under reduced

£l Crg%%lérf. ggg{esultln g%&due was purified by silica gel column

[

romatograph)y f’hlesxa e: ethyl acetate = 1:1 -> ethyl acetate: methanol =
10:1).to give cis-1-henzyl-4-methyl-3- 10, aminomet yerplidine as a
calsa eé&ﬁv%%#ié&é@ g)aisﬁ énh%F?(cé’Cl%)': %gd.g ’(d%0 '=é7£3 Hz, 3H),

1.09-1.66 ¢y, 2H), 2,03 = 7.3 Hz, 9.3 Hz, 1H), 2.11-2.26 (m, 2H),
o 2?%1’-%?42 m, %ﬁj, %58%??,63 = §3 ng'%zfz Hz, 1H), 2.82 (dd, J = 5.9 Hz,

[001327% Hz, 1H), 2.96-3.02 (m, 2H), 3.60 (s, 2H), 7.21-7.35 15(m, 5H). [0042]
Step 3:

Step 2:

Using (3S,4S5)-1-benzyl-N-cyclopropyl—-4-methyl-3-
pyrrolidine carboxamide (6.13 g), the same procedure was
followed as in Step 2 of Reference Example 1 to give (3S,4S
l-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (4.67 g) as a
pale brown oil.

MS (FAB") m/z: 345 (MH").
HRMS (FAB")
Calcd for C,1H33N,0, (MH') : 345.2542
Found: 345.2547.
[0038]
Step 3:
Using (3S,4S5)-1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-

cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (4.47 g), the

.33

)_

same procedure was followed as in Step 3 of Reference Example

1 to give (3S,4S)-3-[[(N-tert-butoxycarbonyl-N-

cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (3.05 g).
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cis-1-Benzyl-4-methyl-3-aminomethylpyrrolidine (1000 mg) was dissolved
in methanol (10 mL). While this solution was 20 chilled in an ice water
bath, benzaldehyde (0.50 mL) was added dropwise and the mixture was
stirred at room temperature for 1 hour. Subsequently, sodium
cyanoborohydride (184 mg) was added and the mixture was stirred at
MS rgEgAgt Iﬁér%iur%%%r 2% urs, followed by addition of a second portion
R g ng'&gm)25 cyanoborohydride (123 mg) and then further stirring for 5.5
ours. To the resulting mixture, a 2mo3/L aqueous solution of sodium
hydraxide (5 mL) was gdded the mixture was refluxed for 2 hours.
Ca%%%ﬂeéﬂ@%ﬁ@%é&%of migg?e \?vg}sﬁ((:oncentrated under reduced
Fo lJonrﬁs:s%r 5@"90@? .residue was 5 extracted_ with toluenc_a (2 x30 mL). The
toluene layers were combined, washed with water, dried over anhydrous
jum sulfate, and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (hexane: ethyl
cefjate = 4:1) to give cis-1- 10
enzyl-3-benzylaminomethyl-4-methylpyrrolidine as a pale yellow oil

(590 30), M (1) g 294 N1 HAVI,E1L Cole o 20HRGN2(M2):

294.2096 ound: 294.2110. [0043] Step 4:
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (2.85 g), the

same procedure was followed as in Step 4 of Reference Example
1 to give (3S,4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine
(1.21 g).

Specific rotation: -74.5°(c = 0.62, methanol).

Elemental analysis (%)

Calcd for CoH1gN,*2CF3COOH: C; 40.84, H; 5.27, N; 7.33

Found: C; 40.80, H; 5.18, N; 7.39.

[0040]

<Reference Example 4>

Synthesis of cis-3-cyclopropylaminomethyl-4-methylpyrrolidine

Step 1:

cis-1-Benzyl-3-hydroxy-4-methylpyrrolidine (6.81 g) was
dissolved in dichloromethane (70 mL). While the solution was
chilled in a dry ice/acetone bath, triethylamine (5.21 mL) was
added, followed by dropwise addition of methanesulfonyl
chloride (2.89 mL) and stirring for 1 hour. Subsequently,

water (50 mL) was added and the mixture was allowed to warm to
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Cis-1-benzy1-3-benzylaminomethyl-4-methylpyrrolidine (680 mg) was

dissolved in methanol (7 mL). To this solution, 20 molecular sieves 3A

(700 mg), acetic acid (1.32 mL), [1-

(ethoxycyclopropyl)oxy]trimethylsilane (1.85 mL) and sodium

C aQoboroh glride (43% mq) dwe%(‘a added rp}d the Tixture was refluxed for 4 and
O G STBSE G Tently, e Thsoftibie PsterartR the ixtufe was Hitared & 2"
and was washed with methancorl.aThtee 55 qulllt%tt(: ?ﬁndk}iﬂe washj

hings wer
Ehe R RCH A HIKE briZine T2k ATEE dordcit S ihaby Tduae (50 mL) .

Thegr %% 6,19 the 12%3?“'t.'ﬂ%é/eééds“.ewé’v%%@mgﬁévé‘? %9%5‘?@‘:8”%%% bya .,
mo3/L aqueous solution of sodium hydroxide to make the mixture basic
.and then the n%ixtélre was exéracted w'it toluene ng x 50 mL%. The g
rie OV?I a V%] rous ,s0O d,um ﬁ‘]u a?[e an CO.DaeD ratﬁ under
toluene Tayers were combined, washed with water, dried over anhydrous
odl%{n psglefate and c%centratecﬁ%nder reduc%lql1 pressure 'Ehseoﬁe\%%m%n

| ure . . d
FYesidue WaSSSUIJ_fered by sﬁlc]élegselil colunin gﬁrsolmatograap%y exane: ethy

acé%%%m§faﬂg)E 9%QmL). To this solution, tetrabutylammonium
cis-1-benzy1-3-(N-benzyl-N-cyclopropyl)aminomethyl-4- 10

cya'H?Eﬁ‘g'p%@!igi”&)a%%§°Qﬁ'§<§8 oll,(§48 ma), M3 (FLmiz: 334.M2). oy £or 7
HAMS (El) Calcd for C23H30N2(M2): 334.2409 Found: 334.2403.

hours. Subsequently, the reaction mixture was concentrated

d

3

under reduced pressure and the residue was dissolved in ethyl
acetate (300 mL). This solution was washed with water, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was then purified by silica gel column
chromatography (hexane: ethyl acetate = 1:1) to give cis-1-
benzyl-4-methyl-3-pyrrolidinecarbonitrile as a brown oil (4.61
g) .

IR (neat): 2240, 1496, 1454 cm'.

MS (EI) m/z: 200 (M').

[0041]
Step 2:

Lithium aluminum hydride (80%, 3.89 g) was suspended in
diethyl ether (90 mL). While the suspension was chilled in an

ice bath, cis-1l-benzyl-4-methyl-3-pyrrolidinecarbonitrile
(4.11 g) in diethyl ether (25 mL) was added dropwise and the
mixture was stirred at room temperature for 1 hour.

Subsequently, a saturated aqueous solution of sodium
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15[0044] Step 5:

cis-1-Benzy1-3-(N-benzyl-N-cyclopropyl)aminomethyl-4- methylpyrrolidine

(640 mg) was dissolved in ethanol (10 mL). To this solution, 10%

palladium carbon (500 mg) and chloroform 20 (0.77 mL) were added and

the mlxture w stlrred at 5OC for 7 Ii; urs under a hydrogen pressure o
P1cagROtE -Ba (Tha chtalyst if te” mlx(I bkl the

(re Was fiftereol; washedL weth

ethanol The flltrate and th S S were comblnegnan the organic
rea\gy(-:-lrowas concen?ra”fed’ un%e\:\riarledCP 3@8 pressure 16 e r(é-osuﬁlng ;@he
|due water (2 mL) was added followed b 03/L.aqueous soluti
reao s%%l?um e’cEirlEmdeW)o m% e?heg rr%xhreCg bg)sélghTrﬁe mjﬁ_& qie %%}S%etﬁen} ?80 mL.)
ed out an d|um Qchlorldeland was ¢ tractecd wrtcrj%dlethyl eth%r
?_) l1Dhe ie enherﬁayers were co ine dr|e over an%ydrous
dlestdduim ate and 5 conce ntr ted unge]rvlg1 duced ressure, The res tlr}%d and

e was S ere com
residue Was pur|f| %y slhca ge coﬁjmn C romatograp (ﬁexane: et )]/1

theacoeé tgn ‘(15115 dIChlorom hggg m]?éhaercli)l 1)te%llv ressure. The
cis-3-cyc oprop amlnomet y1l-4- meth pyrro e as apa r wn ol

redd2809). M%Q%)a@/ 12242} 2%;}*%@? (Cl2)Galed for, .

CO531 N2 MH2): 155.1548 Found: 155.1553. [0045] 15 <Reference
ch£§ﬁH@@8;%phy (hexane: ethyl acetate = 1:1 -> ethyl acetate:

ith

methanol = 10:1) to give cis-1l-benzyl-4-methyl-3-
aminomethylpyrrolidine as a pale yellow oil (2.35 g).
'"H NMR(CDCl3): & 0.94 (d, J = 7.3 Hz, 3H), 1.09-1.66 (br, 2H),
2.03(dd, J = 7.3 Hz, 9.3 Hz, 1H), 2.11-2.26 (m, 2H), 2.31-2.42
(m, 1H), 2.58 (dd, J= 8.3 Hz, 12.2 Hz, 1H), 2.82 (dd, J = 5.9
Hz, 12.2 Hz, 1H), 2.96-3.02 (m, 2H), 3.60 (s, 2H), 7.21-7.35
(m, 5H).
[0042]
Step 3:

cis-1-Benzyl-4-methyl-3—-aminomethylpyrrolidine (1000 mg)
was dissolved in methanol (10 mL). While this solution was
chilled in an ice water bath, benzaldehyde (0.50 mL) was added
dropwise and the mixture was stirred at room temperature for 1
hour. Subsequently, sodium cyanoborohydride (184 mg) was added
and the mixture was stirred at room temperature for 1.5 hours,
followed by addition of a second portion of sodium

cyanoborohydride (123 mg) and then further stirring for 5.5
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Synthesis of (3R,4S)-3-cyclopropylaminomethy1-4- methylpyrrolidine
Step 1: (3R,45)-1-Benzyl-3-hydroxy-4-methylpyrrolidine (4.00 g) 20 was
dissolved in dichloromethane (40 mL). While the solution was chilled in a
dry ice/acetone bath, triethylamine (3.06 mL) was added, followed by

dropwise addition o ethanesulfon | chloride (1. and stirring for 1
hoyssir. S%%sggluentﬁ/, vn\;a e G ey w]é% ’ad%e%rqanzd()tlﬁe rﬁrx?u%%vas’sglutlon of

Ilow warm to %ro temger%rgre The d| orome hane la er Wa
sodium ﬁ] ﬁ]g ﬁ %}uxed
separ and e aqueo s Iayer was extracted wi ichloromettiane
mE) The drchlogorgrethane IQ ers were combined, washed with water,
reactil

drredhover anhyduous doditm <ulf %e and conceﬁ?aﬁ%d “Under red‘uced
ressure, The resultin re iIdue,was dissolved in
Corgcme%hy??orr%amr?u gf mlflj f%llgwe(ﬁ)y the aId tr%!ﬁeofresmue vas
etrabutylammon C anld 5.53 d sodium cya 2.0 and
ethIri?r(ljr?g %(t g&&% r;{ hours. %%bseg]%}en% ) the&rlgact)réorrrlmlx%urﬁw $TO vere

Comcﬁ nggatrateg llrln%er redré\ ced @re]?surer 5@9_, maL va ﬁt:}en agdd(ed tI%
It et

e resultrng residue an the 10 mixture was “extracte hyI ethe

sulf4290 §Eﬂ Waeé'%"z‘?: 'gX%@rW%ed%oéE ingdl, washed with,

saturate r|e over an rous sodium sulfate, and concentrated

re{Nder f d‘f%e&%ﬁ?és%?s TS&J esidug was B‘irifiecgab%é'l'c% gel.gglumn

chromatography (hexane: ethyl acetate = 4:1) to give 1

chrBR:49); Qgﬁ‘ Hapethyl- %PM%{?“%‘BS‘E%@Q”H”E aPBO‘%Q% @?3 1-
9). 151 D13)6122(d 7.3 Hz, 3H), 2.12 (dd, I =8.3 Hz, 9

bedégfll'@%éfﬁz%?gn({%&k@tﬁ@ 4. Grze(%#?ygr@l(ﬂglr]e Zé" 'élzp%§e

Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.25- 20 7.35 (m, 5H).

ye MS(ERM1Z: 299(Mg); .

MS (EI) m/z: 294 (M').

HRMS (EI)

Calcd for CyoHpeN,(M'): 294.2096

Found: 294.2110.

[0043]

Step 4:
Cis—-1l-benzyl-3-benzylaminomethyl-4-methylpyrrolidine (680

mg) was dissolved in methanol (7 mL). To this solution,

molecular sieves 3A (700 mg), acetic acid (1.32 mL), [1-

(ethoxycyclopropyl)oxy]trimethylsilane (1.85 mL) and sodium

cyanoborohydride (435 mg) were added and the mixture was

refluxed for 4 hours. Subsequently, the insoluble material in

the mixture was filtered and was washed with methanol. The

filtrate and the washings were combined and the organic layer

26



[0046] Step 2: Using
(3R,4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile 25 (3.20 g), the same
procedure was followed as in Step 2 of Reference Example 4 to give
(3S,4S)-1-benzyl-4-methyl1-3- aminomethylpyrrolidine (2.98 g). 151
NMR(CDC13);:6 0.94 (d, J = 7.3 Hz, 3H), 2.03 (dd, J = 7.3 . Hz, 5 9.3 Hz,

A P BT T, éﬁ‘)%%ﬁﬁfi%cﬁr% ﬁ%)‘?i. (dd, J'2 83 Fiz- 152429
1H), 2.82 (dd, J =5.9 Hz, 12.2 Hz, 1H), 2.97-3.02 2H), 3.60.(s,2H

e 9% 3% (b ot S & Auig oot B o AP Hhcous

3S,4S)-1-benzyl-4-methy1-3-aminomethylpyrralidine. (2.80 q),.the same
o T e s 01 e O e Py gt and

e I S TR GO S e
tof%%%%oﬁéJggégMere combined, washed with water, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (hexane: ethyl acetate = 4:1) to give
cis-1-benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4-
methylpyrrolidine as a colorless oil (648 mg).
MS (EI) m/z: 334 (M').
HRMS (EI)
Calcd for C,3HsoN,(M'): 334.24009
Found: 334.2403.
[0044]
Step 5:

cis-1-Benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4-
methylpyrrolidine (640 mg) was dissolved in ethanol (10 mL).
To this solution, 10% palladium carbon (500 mg) and chloroform
(0.77 mL) were added and the mixture was stirred at 50°C for 7
hours under a hydrogen pressure of 3.9 x 10° Pa. The catalyst
in the mixture was filtered and washed with ethanol. The
filtrate and the washings were combined and the organic layer
was concentrated under reduced pressure. To the resulting

residue, water (2 mL) was added followed by a 2mol/L agueous
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Step 4: 20Using (3R,4S)-1-benzy1-3-benzylaminomethy1-4-
methylpyrrolidine (3.40 g), the same procedure was followed as in Step 4
of Reference Example 4 to give (3R,45)-1-benzyl-3-
(N-benzyl- N cyclopropyl)aminomethyl -4-methylpyrrolidine (3.72 g) 25 MS
o FAB+ m 5 (M51 HAMS $Calc for 023H31N2 &MS]bZQ: ,
un &fﬁéé % le u sic.

mlx(gﬁ%%)@lg%)e%gl -3- (al\hgegzyl I\écyclo ropyl@mmon@hlg -4-meth O{p%rrolld

the same procedure was O||OW€ as In step % O? Ff‘e erence

oDl 410, (RAS) Sexdonropylamjnomeiy L frmelplpyliing .

layers were combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (hexane: ethyl
acetate = 4:1 —-> dichloromethane: methanol = 10:1) to give
cis-3-cyclopropylaminomethyl-4-methylpyrrolidine as a pale
brown o0il (124 mg) .

MS (CI") m/z: 155 (MH").

HRMS (CI")

Calcd for CoHioN,(MH'): 155.1548

Found: 155.1553.

[0045]

<Reference Example 5>

Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4-

methylpyrrolidine

Step 1:

(3R, 4S)-1-Benzyl-3-hydroxy—-4-methylpyrrolidine (4.00 qg)
was dissolved in dichloromethane (40 mL). While the solution
was chilled in a dry ice/acetone bath, triethylamine (3.06 mL)
was added, followed by dropwise addition of methanesulfonyl
chloride (1.70 mL) and stirring for 1 hour. Subsequently,
water (40 mL) was added and the mixture was allowed to warm to

room temperature. The dichloromethane layer was separated and
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Calcd for 005310N2: 155.1548 Found: 155.1539. 15[0050] <Reference
Example 6> Synthesis of (3S,4R)-3-cyclopropylaminomethy1-4-
methylpyrrolidine Step 1: 20Using
(3S,4R)-1-benzyl-3-hydroxy-4-methylpyrrolidine (4.62 g) the same
h é;)rocedure w3as followed as in Steg 1 of Referer(ljce o gié/e

54R)-t-Benzyta- met?lﬁfgst- pyrro‘?’glnecakbonltn% &r (4 mL)
TheNMRéﬁg%lg?%%ﬁfﬁ?@%192%85'V? Ty a6 s b if? g gigacer

apsnaosamicie it
reduced pressure. The resulting residue was dissolved in N,N-
dimethylformamide (120 mL), followed by the addition of
tetrabutylammonium cyanide (5.53 g) and sodium cyanide (2.05
g) and stirring at 80°C for 13 hours. Subsequently, the
reaction mixture was concentrated under reduced pressure.
Water (50 mL) was then added to the resulting residue and the
mixture was extracted with diethyl ether (2 x 200 mL). The
diethyl ether layers were combined, washed with saturated
brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (hexane: ethyl acetate = 4:1) to give
(3R, 4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile as a brown
oil (3.32 g).
'"H NMR(CDCls3): & 1.22 (d, J = 7.3 Hz, 3H), 2.12 (dd, J = 8.3 Hz,

9.3 Hz, 1H), 2.45-2.57 (m, 1H), 2.60-2.67 (m, 1H), 2.99 (dd, J

7.3 Hz, 9.3 Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.25-
7.35 (m, 5H).

MS(EI)m/z: 200 (M').

[0046]

Step 2:

Using (3R,4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile

(3.20 g), the same procedure was followed as in Step 2 of
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(3.00 g), the same procedure was followed as in Step 2 of Reference
Example 4 to give (3R,4R)-1-benzyl-4-methy1-3- aminomethylpyrrolidine
(1.44 g). MS (El)m/z: 204 (M2). 10 HAMS (EI) Calcd for C235120N2(M+):
204.1626 Found 204.1614. [0052] Step 3: 15Using
3R,4R)-1-benzyl-4-methyl-3-aminpmethylpyrro idine}%1 .0 g% e same

e e S oo i S8 3 oF R et B 215 g -
(35 4F})-1-&einz 1- -.genz laminomethyl-4-methylpyrrolidine (1.20 g). MS

am (’é‘f)f“n% 1% y(ﬁ%z‘ifé W%IZ?E% Caltd for 020H26N2: 294.2096 Found:
294.2106. [0053] Step 4:

'H NMR(CDC15): & 0.94 (d, J = 7.3 Hz, 3H), 2.03 (dd, J = 7.3 Hz,

9.3 Hz, 1lH), 2.11-2.26 (m, 2H), 2.31-2.43 (m, 1H), 2.58 (dd, J

8.3 Hz, 12.2 Hz, 1H), 2.82 (dd, J = 5.9 Hz, 12.2 Hz, 1H),
2.97-3.02 (m, 2H), 3.60 (s,2H), 7.22-7.33 (m, 5H).

[0047]

Step 3:

Using (3S,4S5)-1-benzyl-4-methyl-3-aminomethylpyrrolidine
(2.80 g), the same procedure was followed as in Step 3 of
Reference Example 4 to give (3R,4S)-1-benzyl-3-
benzylaminomethyl-4-methylpyrrolidine (3.49 g).

MS (EI) m/z: 294 (M').
HRMS (ETI)

Calcd for CypHoeNo: 294.2096
Found: 294.2072.

[0048]

Step 4:

Using (3R,4S)-1-benzyl-3-benzylaminomethyl-4-
methylpyrrolidine (3.40 g), the same procedure was followed as
in Step 4 of Reference Example 4 to give (3R,4S)-1-benzyl-3-
(N-benzyl-N-cyclopropyl)aminomethyl-4-methylpyrrolidine (3.72
g) .

MS (FAB") m/z: 335 (MH").
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25Using (3S,4R)-1-benzyl-3-benzylaminomethy1-4- methylpyrrolidine
(1.40 g), the same procedure was followed as in Step 4 of Reference
Example 4 to give (3S,4R)-1-benzyl-3-
(N-benzyl-N-cyclopropyl)aminomethyl-4-methylpyrrolidine (1.55 g) 5 MS
- D&ZAEE:? m/z: 335 (M512). HAMS (EI) Calcd for 023H31N2: 335.2487
oufidt 335.2498. [0054] 10 Step 5:  Using

(3S,4R)-1-benzy1-3-(N-henzyl-Ncyclopropyl)aminomethyl-4-methylpyrrolid
Cal.ﬁg(%?ﬁ mgﬁ%g{zhle%éaéw Foeetire e

e procedure was followed as in Step 5 of Reference

Example 4 ive (3S,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine
Fou(‘ﬂasls 1%%@%8% (C12)m/z: 155 (M512). HAMS (CI2) Calcd for 095319NS8:
[00145%1548 Found: 155.1510.

Step 5:

Using (3R,4S)-1-benzyl-3-(N-benzyl-N-
cyclopropyl)aminomethyl-4-methylpyrrolidine (3.60 g), the same
procedure was followed as in Step 5 of Reference Example 4 to
give (3R,4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine
(1.29 qg).

MS (CI')m/z: 155 (MH").
HRMS (CI")
Calcd for CoH;9Ny: 155.1548

Found: 155.1539.

[0050]
<Reference Example 6>
Synthesis of (3S,4R)-3-cyclopropylaminomethyl-4-
methylpyrrolidine
Step 1:
Using (3S,4R)-1-benzyl-3-hydroxy—-4-methylpyrrolidine

(4.62 g), the same procedure was followed as in Step 1 of
Reference Example 5 to give (3S,4R)-1-benzyl-4-methyl-3-
pyrrolidinecarbonitrile (3.07 g).

'H NMR(CDCls): & 1.22 (d, J = 6.8 Hz, 3H), 2.13 (t, J = 9.3 Hz,

1H),2.45-2.55 (m, 1H), 2.61-2.65 (m, 1H), 2.99 (dd, J = 6.8 Hz,
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20[0055] <Reference Example 7> Synthesis of
trans-3-cyclopropylaminomethy1-4- trifluoromethylpyrrolidine Step 1:
25Using trans-1-benzyl-4-trifluoromethyl-3-pyrrolidine carboxylic acid
(3.00 g), the same procedure was followed as 5 in Step 1 of Reference

Exampl to give frans-1-benzyl-4- triflyoromethyl-3-pyrroljdi
o EPIEA 0 g fapsrisbanaylsty Uiyoamety - SRyToldng o 54 (m,
5H)151NMR(CDC13):60.42-0.46(m,2H),0.75-0.79(m,2H),2.64-
2.78(m,4H),2.82-2.86(m,1H),2.95(t,J=9.3Hz,1H),
00 %}(i—S.ZZ(m,1H),3.59(d,J=13.2Hz,1H),3.68(d,J=12.7
Z,1H),6.34-6.53(br,1H),7.26-7.36(m,5H). [0056] Step 2:

Step 2:

Using (3S,4R)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile
(3.00 g), the same procedure was followed as in Step 2 of
Reference Example 4 to give (3R,4R)-1-benzyl-4-methyl-3-
aminomethylpyrrolidine (1.44 g).
MS (EI)m/z: 204 (M').
HRMS (ET)
Calcd for Ci3HpoN,(M'): 204.1626
Found 204.1614.
[0052]
Step 3:

Using (3R, 4R)-1-benzyl-4-methyl-3-aminomethylpyrrolidine
(1.06 g), the same procedure was followed as in Step 3 of
Reference Example 4 to give (3S,4R)-1-benzyl-3-
benzylaminomethyl-4-methylpyrrolidine (1.20 g).
MS (EI) m/z: 294 (M').
HRMS (EI)
Calcd for CyoHoeNy: 294.2096
Found: 294.2106.
[0053]
Step 4:

Using (3S,4R)-1-benzyl-3-benzylaminomethyl-4-

32



10

15

20

25

10Using trans-1-benzy1-4-trifluoromethyl-3-pyrrolidine carboxamide (3.21
g), the same procedure was followed as in Step 2 of Reference Example 1
to give
trans-1-benzy1-3-[[(Ntert-butoxycarbonyl-N-cyclopropyl)amino]methyl]-4-

trifl thyl lidj .37.0). 15 MS (FAB /z: 399 (M512). H S
e AT ot G LboRINGoA: 506 2388 S der A 368 DS oy S ved as
. tep 3: i .
in SR 4 ot e R e R B oy oS o R TS A -
ifl thyl lidi 3. .th d foll d i
(1 B e B 155

) 25 cyclopropyl)aminolmethy1]-4-trifluoromethylpyrrolidine (2.38 g) MS
d ‘(FAB+) m/z: 309 (M512). HRMS (FAB+) Calcd for C145124F3N202:

MS 3&9A£Z?Om/z: 335 (MH").

HRMS (EI)

Calcd for Cy3H3iNy: 335.2487
Found: 335.2498.

[0054]

Step 5:

Using (3S,4R)-1-benzyl-3-(N-benzyl-N-
cyclopropyl)aminomethyl-4-methylpyrrolidine (700 mg), the same
procedure was followed as in Step 5 of Reference Example 4 to
give (3S,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine (215
mg) .

MS (CI")m/z: 155 (MH").
HRMS (CIY)

Calcd for CoHi9Ny: 155.1548
Found: 155.1510.

[0055]

<Reference Example 7>

Synthesis of trans-3-cyclopropylaminomethyl-4-

trifluoromethylpyrrolidine

Step 1:

Using trans-l-benzyl-4-trifluoromethyl-3-pyrrolidine
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5 Found: 309.1783. [0058] Step 4: Using
trans-3-[[(N-tert-butoxycarbonyl-Ncyclopropyl)amino]methyl]-4-trifluoromet
hylpyrrolidine (2.30 10 g), the same procedure was followed as in Step 4
of Reference Example 1 to give trans-3-cyclopropylaminomethy1-4-

ca t iflg{%r ZE,rgcethylg rrol'di%i(%?zl m%. 1551 NMR(CDC 3):(53 0.29-0 Bigg d as

B42046 (M, 2H)° 2.10-2. 15 Im> Ty, 236539, TRY, 241258
- PR AL S s ke i aole,
;Galcd for 095115F3N8 .20F3000H: C; 35,79, H; 3.93, N 6,42 Found: C;

.§f, ﬁm:?g@ yﬁ gé@y 56?%5%31 <(3Re€ference @(ampleg\%> éyn%egs of
' (e aiospiamnoneiny ¢ uorpreing (egessl S .-
2.78 (m, 4H), 2.82-2.86 (m, 1H), 2.95 (t, J = 9.3 Hz, 1H),
3.10-3.22 (m,1H), 3.59 (d, J= 13.2 Hz, 1H), 3.68 (d, J = 12.
Hz, 1H), 6.34-6.53 (br, 1H), 7.26-7.36 (m, 5H).
[0056]
Step 2:

Using trans-1l-benzyl-4-trifluoromethyl-3-pyrrolidine
carboxamide (3.21 g), the same procedure was followed as in
Step 2 of Reference Example 1 to give trans—-1-benzyl-3-[[ (N-
tert-butoxycarbonyl-N-cyclopropyl)amino]lmethyl]—-4-
trifluoromethylpyrrolidine (3.37 g).

MS (FAB') m/z: 399 (MH").

HRMS (FAB")

Calcd for Cjy1H39F3N,0,: 399.2259
Found: 399.2254.

[0057]

Step 3:

Using trans—-1l-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-trifluoromethylpyrrolidine (3.27
g), the same procedure was followed as in Step 3 of Reference
Example 1 to give trans-3-[[ (N-tert-butoxycarbonyl-N-

cyclopropyl)amino]lmethyl]—-4-trifluoromethylpyrrolidine (2.38
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dissolved in dichloromethane (300 mL) containing trifluoroacetic acid
(0.116 mL). To this solution,
Nmethoxymethyl-N-(trimethylsilyl)benzylamine (15.0 g) was added
dropwise at room temperature and the mixture was stirred for 2 5 hours.
Subsequently, the reaction mixture was sequentially washed with a
9) ‘saturated aqueous solution of sodium bicarbonate (2 x 200 mL) and water
MS (éggé’ng), nﬁj |Zed %V(ﬁé am%d{o.us sodium sulfatge, and cqncentrat_ed underi
reduced pressuré. The resulfing pale yellow oily material was dissolved in
HR@'ethﬁ(k%O ether (150 mL) and the solution was allowed to stand at room
em}aeraufre for 18 hours. The resulting crystals were filtered, washed with

diethyl ether, dri ra r odium sulfate. This gave

Ca1&%&%}&@%@ﬁ?ﬁﬁf&eé@fx@@?midin-s-

Fo \%/rllx]g":’"b?dy.l -%%).-bornane-lo,Z-sultam as white crystals (11.5 15 g). The
litrate and the washings were combined and concentrated under reduced
sure. The residue was then purified by silica gel column

chromatography (eluant: cyclohexane: ethyl acetate = 4:1) to give

dditional N- [[(3S,4R)-benzy1-4-benzyloxypyrrolidin-3-ylicarbony11-(2'S)-

0 bornane-10,2-sultam (8.48 g). 151 NMR(CDC13): 6 0.95 (s, 3H), 1.02

(s, 3H)s’i]n%2'ér%§1gn82l? ’(%qﬁfé'ér%fiﬂ?}t%';'!_%/%ﬂ;’%&%éqﬂwz“)’ 2.57 (dd,

J=9.3 Hz, 5.3 Hz), 2.69 (dd, J= 9.8 Hz, 3.9 Hz, 1H), 2.93 (dd, J= 10.3 Hz,

cy%gg%f}}i% 30l T2 3K12)y 342-3.501 (0, 3 %%&Ef?ﬁr%ﬁ(%ﬁ@ (2.30

11.7 Hz), 4.54 (d, J= 11.7 Hz), 4.63-4.66 H), 7.22-7.31 (m,
) ,10H) [Q0G01 Step 2- Lithium aluminum fiydrde {80%, $:58,91Wa$ reference

suspended in

[0

Ste

Example 1 to give trans-3-cyclopropylaminomethyl—-4-
trifluoromethylpyrrolidine (992 mg).

'H NMR(CDCls): & 0.29-0.33 (m, 2H), 0.42-0.46 (m, 2H), 2.10-
2.15 (m, 1H), 2.30-2.39 (m, 1H), 2.41-2.53 (m, 1H), 2.62-2.71
(m, 2H), 2.83 (dd, J= 6.3 Hz, 11.7 Hz, 1H), 3.10 (d, J = 6.8
Hz, 2H), 3.18 (dd, J= 7.8 Hz, 11.7 Hz, 1H).

Elemental analysis (%)

Calcd for CoH;sF3N, *2CF3COOH: C; 35.79, H; 3.93, N; 6.42
Found: C; 35.82, H; 3.90, N; 6.59.

[0059]

<Reference Example 8>

Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4-

fluoropyrrolidine (Process I)

Step 1:

(E) -3-Benzyloxypropenyl-(1R)-camphorsultam (21.6 g) was
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5 tetrahydrofuran (170 mL). While the suspension was chilled in a salt-ice
bath, N-[[(35,4R)-benzy1-4-benzyloxypyrrolidin-3-
ylJcarbony11-(2'S)-bornane-10,2-sultam (19.9 g) in tetrahydrofuran (300
mL) was added dropwise and the mixture was stirred for 1 hour at -5C or
belqw. Oaubse%ie&ﬂ%, water ]hoa@4 nm&%\élas c refully added dropwise and

A1 SR NSBIUBIE mAtehalwas fitead ant washEd with Bthyi icatate (2 x 400

. . The filtrate and th shings were combined and extracted wijth
tr rrg}&o /Eﬁﬁ/%(r:(()ec oricaci (\g%xg&% mL .The%d?glcﬁ’or?co%a 1ra(ffe{rs%v_ere
ombined an 30% aqueoqus.soluti f sodium 15 hydroxide was
e s e e e P O W ps added
s then extracted with dicthyl ether, (2, 500 ), The diethy ether
ﬂgyers were comblneg and concentrated under re ucedepressure.
resulting residue w urified by silica gel column chromatograph .
hou e Do A S0 gl At At T 1 15 g BR AR (L bersigcially
enzyloxypyrrolidin-3-yl)methanol as a pal llow oil £9.91 g 51
w63 S A A G P Y e PgPom Bbagponate
(2 (@dod70-3/Hz, 2.4 Hz, 1K), %(Z éddgijd_é: 9(2%Héd6'§V%5:th% hrasd8 (A um
J=9.8 Hz, 6.8 Hz, 1H23, 3.61 (s, 2H), 3.65 élL J=10.3 Hz, 4.4 Hz, 1H),

sud L8 Ldd 7103 fiz, 44 He JiH) 4,07 (9dd, J=6,3 12, &t Hz, 2.0z,

1H), 4.48 (s, 2H), 7.25- 7.35 (m, 10H). [0061] 5 Step 3: Process A:

res(t’f&‘&'?\)j(lp§?82%ﬂ1%ﬁ2¥@<¥rp%%9@’1‘§1 ylmethanal(2,8Q 9) WaSy s e chy1

dissolved in ethanol (100 mL). To this solution, 10% palladium carbon

tH2,00 gk wag added andithe mixire was, stiredh at 306 far 21hoyrg under o o,

a hydrogen 10 pressure of 3.9 x 105 Pa. The catalyst in the mixture was

erfiiered thraugh a Gelitg pad<and the catalyst andihe Celite,pad ywere rittered,

washed with ethanol. The filtrate and the washings were combined and

wa&%@emﬁﬁ‘%d&{@@ﬁﬁdL@@H&!?S%ﬁeﬁh%@}“twﬁéww%dipm sulfate.
dissolved in ethanol (100 mL), followed 15 by addition of 10% palladium

ThiGarbar £.Q0 g) end stisjng,at,50¢ far 2Q hoyrsunqsra-Rydregen 3 -

pressure of 3.9 x 15 Pa. Subsequently, the catalyst in the mixture was

v 1 fitered through aCelite pads and the catalyst and fhe elitepad were1s (11.5

washed with ethanol. The filtrate and the washings were combined and
g). The filtrate and the washings were combined and

dr red for 2
e

concentrated under reduced pressure. The residue was then
purified by silica gel column chromatography (eluant:
cyclohexane: ethyl acetate = 4:1) to give additional N-
[[(35,4R)-benzyl-4-benzyloxypyrrolidin-3-yl]carbonyl]-(2’S) -
bornane-10, 2-sultam (8.48 qg).

'"H NMR(CDCl3): & 0.95 (s, 3H), 1.02 (s, 3H), 1.32-1.45 (m, 2H),
1.86-1.96 (m, 3H), 2.00-2.10 (m, 2H), 2.57 (dd, J=9.3 Hz, 5.3
Hz), 2.69 (dd, J= 9.8 Hz, 3.9 Hz, 1H), 2.93 (dd, J= 10.3 Hz,
6.3 Hz, 1H), 3.20 (t, J=9.3Hz), 3.42-3.51 (m, 3H), 3.69-3.74

(m, 2H), 3.90 (4, J=11.7 Hz), 4.54 (d, J= 11.7 Hz), 4.63-4.66
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20 concentrated under reduced pressure. The resulting residue was dried
under reduced pressure to give (3R,4R)-(4-
hydroxypyrrolidin-3-yl)methanol as a pale brown oil (3.77 g). 1H
NMR(DMSO-d6): 6 1. 96 2.03 (m, 1H), 2.61 (dd, J=11.6 Hz, 5.5 Hz, 1H),
2.68 (dd, 66 H), 2.91 (dd, J=11.1 25 Hz, 5.5 Hz, 1H),
(m's.gg‘ (dd7JJ 24 ézl zi,%l *3.26 (dd, J=10.4 Hz, 7.3 Hz, 1H), 3.37
(g J=10.4 Hz, 6.1 Hz), 3.90- 3.93 (m, 1H). [0062] Sodium hydroxide
g) was dissolved in water (25 mL) 5 and dioxane (15 mL) was added
to tlﬂe. solution. (3R,4R)-(4- Hydroxypyrrolidin-3-yl)methanol (1.00 g) was
en dissolved in the solution. While the mixture was chilled in an ice
water bath, carbobenzoxy c Iorlde 0.97,mL)
reactlor? irlnlxturec\)/lvas stlrr}éd ér bezl?)r\?v for ?hour%nd a 10 Secon
%on of arbobe Z c rldevﬁg Q7 m %Was added dro Wlse foI 0
> tgy st r(rjlﬁg(;j at 5C o r(]bgfgywr?ors)anot JhoquEand dro v?n%gla%g dition of at}llw\ﬁ%ed in
SDolrtcon gf c rb enzoxy| @grlq% d87 lTl@e rggultl ng 1 mixture CWAS i 3
® “Stirred at 5 élow )f([or hdur and then at room ten%eratﬂ?g for 1 hour.
sHbseauently. the reaction mixtyre was gxtractedywith .
d]:SahIoror(r%}/(g:L arﬁe (2 )>e( 100 m& The d%hloromeliaﬁgglayers Were

tet%omlg;a%f%%%ov &PWQFO%%MAH%%"@%%p??l‘&‘é“%‘&‘?dt‘ﬂéd%lxture

reduced pressure. The resulting residue was purified by silica gel column

wa LQMAI00raphy. (slugnf; hexane: pibyl 20 aeetate = 1ob 52 S ACERIE a ter

methanol = 20:1) to give

10 (3 4(35L‘}qug—sb%%¥é%}’fﬁ§b%&e%rhé{g pyrolidin-3eyllmethanel,as a
milky white tar-like material (1.18 g). MS (El) m/z: 251 (1e). 151

ma NMR(ODQ13): £:2.0852.40 Lbrit M 2HAL- @%&7%@{%%&%&%@9 (@'ﬁ' x 400
J=11.0 Hz, 7.3 Hz, 1H), 3.32 (dt, J=11.1Hz, 5.5 Hz, 1H), 3.59-3.76 (M

4H)f%%3éf¥%9¥téHiﬁél%ﬁéa%éhﬁfﬁgzaﬁéﬁéﬁﬂ%mlned and extracted

with Imol/L hydrochloric acid (2 x 500 mL). The hydrochloric

St

dro wise. Thé?ded in

acid layers were combined and a 30% aqueous solution of sodium
15 hydroxide was added to make the extract basic (pH 14). The
hydrochloric acid extract was then extracted with diethyl
ether (2 x 500 mL). The diethyl ether layers were combined and
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluate: hexane:
20 ethyl acetate = 1:1) to give (3R,4R)-(l-benzyl-4-
benzyloxypyrrolidin-3-yl)methanol as a pale yellow oil (9.91
g) .
'H NMR(CDCl3): & 2.29-2.34(m, 1H), 2.40 (dd, J=10.3 Hz, 4.4 Hz,
1H), 2.68 (dd, J=9.3 Hz, 2.4 Hz, 1H), 2.75 (dd, J= 9.8 Hz, 6.3

25 Hz, 1H), 3.18 (dd, J= 9.8 Hz, 6.8 Hz, 1H), 3.61 (s, 2H), 3.65
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[0063] Process B: (3R,4R)-[1-Benzyl-4-benzyloxypyrrolidin-3- 5
yllmethanol (10.0 g) was dissolved in methanol(200 mL). To this solution,
10% palladium carbon (3.00 g) suspended in water (60 mL) was added,
followed by ammonium formate (21.2 g). The mixture was then refluxed

or 4 hours while being stirred. The catalyst in the reaction mixture wa
(d@Inte?e:J?#f%u&hz o ge?iltze’pal *hhd hzg(/:at(aqéét Aetle it pgdvxwglré’ LH),
as with a mixture of methanol and water (80:20). The filtrate and the ~
4 Oxas{:dleﬁ%jé W%Fer?:dr%b%e’d rzr;%‘n'd4 W%%é c%ri\célen rza’teg Ighder4 r'e4 ucga ’preagls)u're.7 $22
- T e(resu[[[wg pale brown tar-like material was dissolved in
"N, N-time yl}o'rmamide (100 mL). While the 15 solution was chilled in an
[0 d(é;l ater bath, triethylamine (9.40 mL) was added, followed by dropwise
addition of carbobenzoxy chloride (6.00 mL). The mixture was stirred for
e1.5 ours in the ice water bath and was subsequently concentrated under
fediiced pressure. The resulting residue was dissolved in ethyl 20 acetate
(4OOEmI<_>)C wasshgd wigthsaqtg at cli_béin Z(Zf_Jqqq)mL% ciried ver aonlh. (girou_sa_
soditim su fgte, and (con’centsragad under reduced Sre%safieﬁ./ Tﬁﬁrerresf}'d/ulen

ified by silica gel calumi r ograp t: ate -z Qs
e it £ 301) 15 G (A AR L boreyio ey s ® <"

s0 131)‘% E%q{?%‘%%%r%@ﬂ%’ﬂ% ethangl as pimilky white tar "Q@dl%rcﬁ’g% @hgt@?e

Is compound was identical to the compound obtaine
mié@@fgg%ésﬂgg¥i§5369€*50°CPE§?S§f¥hours under a hydrogen
(3R,4R)-(1-Benzyloxycarbonyl1-4- hydroxypyrrolidin-3-yl)methandl (3.1(29 0)
10 pri@sdissglved in NoNdimethylformamide (9% ply. While fhis solutignwas o
chilled in an ice water bath, imidazole (6.05 g) and then tert- 10

£1 1qutylchloredimethylsilane, (pri4 ghwere,added, JNeeACtAR and the celite

5 St

pad were washed with ethanol. The filtrate and the washings
were combined and concentrated under reduced pressure. The
resulting residue was dissolved in ethanol (100 mL), followed
15 by addition of 10% palladium carbon (2.00 g) and stirring at
50°C for 20 hours under a hydrogen pressure of 3.9 x 10° Pa.
Subsequently, the catalyst in the mixture was filtered through
a Celite pad, and the catalyst and the Celite pad were washed
with ethanol. The filtrate and the washings were combined and
20 concentrated under reduced pressure. The resulting residue was
dried under reduced pressure to give (3R,4R)-(4-
hydroxypyrrolidin-3-yl)methanol as a pale brown oil (3.77 g).
'"H NMR(DMSO-dg¢): & 1.96-2.03 (m, 1H), 2.61 (dd, J=11.6 Hz, 5.5
Hz, 1H), 2.68 (dd, J=11.6 Hz, 3.1 Hz, 1H), 2.91 (dd, J= 11.1

25 Hz, 5.5 Hz, 1H), 3.06 (dd, J= 11.0 Hz, 7.3 Hz, 1lH), 3.26 (dd,
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mixture was stirred at room temperature for 3 hours and was concentrated
under reduced pressure. The residue was then dissolved in diethyl ether
(400 mL). The diethyl ether layer was washed with saturated brine (2 x
100 mL), dried over 15 anhydrous sodium sulfate, and concentrated under

ced press Ther sulting.r rified on silic | colu
= 1$1r§m%%dg?§p#y eﬁuantI$ éXE?neEB s?eti?élaga(ceaiteld 4:1)'fs gg 152573 bo-
3 4 Z%R 4R)- nzyloxycarbonyl -3-(tert-butyldimethylsilyl)oxymethy1-4-(tert-
lIPtS/I thylsilyl)oxypyrrolidine as a colorless oil (5.46 g). MS (CI2)
[2:480(M512). 151 NMR(CDC13): 6 0.03 (s, 3H), 0.05 (s, 3H), 0.06 (s,

J007(s 3H), 0.87 (s, 9H), 0.88 (s, 9H), 2.17-2.27 (m, 1H), 3.21- 3.28
(m é‘}g 3485?? 40 MY, 4215828 (M 1 2835, 28 2. £:3%: 03025 )
4R) 1- Be lo arbonyl tbut Idimethylsilyl)oxym I-4-(tert-
ancﬁut)jﬂdlmet%yls )%Io%pyrrofdlnég?‘% %6 g% v)éégs dlssévlé)ékljn 5 E@% ﬂé (4
Hy@Lg%r %rgfur n(gz Whllgt |s s ut|<oln Was cpllleg inan |(ﬁ‘e dlé%rolved in

ter 3'ML) and’acetic acid 8mL) wer sequentl I ed and

theh%"i'éré‘{%é{"as Rirred af foc (’%E‘?JP grature for § houts, The E%?‘CR'BQ water

mixture was concentrate r reduced pressure and the residue was

bat@&’““891@0%%%%§9etﬁ(1'8?‘{‘d‘§“‘?6“a§0/grﬁ85‘y&%‘Ba%ﬁ@éaﬁ‘%o%wse The

acetate =4:1 -> 1: 1)to give

rea@gl%%) Pnlt%?é‘éil'é’x%%asfb%ﬂ§e%>’da(‘axlé!‘9%thc¥} L}aelow for nd a
(tert-butyldimethylsilyloxy)pyrrolidine as a colorless oil (2.74 g). MS (CI2)

sedBiFEBERMS12). 13 1a1 NMRIGDG ﬁl?) -£,9.07:%:08 (@, @H)mﬂﬁ%és%!&ded

2.23-2.35 (m, 1H), 3.21-3.30 (m, 2 3.58-3.72 (m, 4H), 4.17-4.25 (m,
drolﬂ?l)l§el,28f@‘li-me%l1§§(ssg-ﬂ)rz§% §7§WC 559 below for another

hour and dropwise addition of a third portion of carbobenzoxy
chloride (0.97 mL). The resulting mixture was stirred at 5°C
or below for 1 hour and then at room temperature for 1 hour.
Subsequently, the reaction mixture was extracted with
dichloromethane (2 x 100 mL). The dichloromethane layers were
combined, dried over anhydrous sodium sulfate, concentrated
under reduced pressure. The resulting residue was purified by
silica gel column chromatography (eluant: hexane: ethyl
acetate = 1:1 —-> ethyl acetate: methanol = 20:1) to give

(3R, 4R) - [1-benzyloxycarbonyl-4-hydroxypyrrolidin-3-yl]methanol
as a milky white tar-like material (1.18 qg).

MS (EI) m/z: 251 (M').

'H NMR(CDCls): & 2.08-2.40 (br +m, 2H), 2.58-2.79 (br, 1H),

3.20 (dd, J=11.0 Hz, 7.3 Hz, 1H), 3.32 (dt, J=11.1Hz, 5.5 Hz,
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[0066] (3R,4R)-1-Benzyloxycarbony1-3-hydroxymethyl-4-(tert- 20
butyldimethylsilyloxy)pyrrolidine (2.73 g) was dissolved in
dichloromethane (60 mL). While this solution was chilled in an ice water
bath, triethylamine (1.21 mL) was added, followed by dropwise addition of
me sulfonyl hIoriéJ (0.7 ) at - 5C qr below. The mjxture wa

1H)§tir§£ﬂ§?§ i o} 25%'%& %h%igwagoﬁferﬁv%éhgdn\]}v%h Wdte?@ X

L), dried o anhydrous sodium sulfate, and concentrated under

7 nga?ééé pr@é’su\éz{)The resulting residue was dissolved in

[Od\é,g\l]dimethylformamide (60 mL), followed by addition of sodium azide
(114 g) and stirring at 100C for 2 hours. The reaction 5 mixture was then

concgntrated under redu igr syre. Watey (30 mL) was added and the .,
michgr]éovsgss Sx?r%aicte{g%\?i%% iethyl gﬁ{ézré x£1 ML lﬁwxey Hl%]fﬁycl) ether 3

v1 RS wer CP{T&biBe‘é’)dr&;eagso‘é%rsas”ohi’d%]%fjsi%‘)d“é%sa“éfgiecfd‘&' mL).. . To
concentrated under réduce pressure.xi' e resulting residue was purified

i 953,10 gel colygn chromatography (eluant; hgxane: effiyl acetate ;
=4:1)to give ' '
4AR)<3-azid hy|-1- -4-(t ] Iyl
wat8R.AR)53Rzidomet %éd%%nzyi‘%é‘sylfl\%{s%%%ym%ﬁﬁ% ]Lﬂhm?)gkyrl%%%olx(yﬁj g) .

yrrolidine as a colorless oil (3.06 z:391 (M512

thNWRICPG13)-6 006009, 3l 223-2.34, (00, M), 3119 22,328 Qb rreq.

2H), 3.27-3.40 (m, 2H), 3.60-3.71 (m, 2H), 4.11-4.17 (m, 1H), 5.13 (s, 2H)

Théléﬁgé% g@{?ﬁyégg6zbaction mixture was filtered through a
(3R,4R)-3-Azidomethyl-1-benzyloxycarbonyl1-4-(tert-

ce 1putddimethylsiyfloxypyroliding (3.05.0) wasdisselyed in20 yere washed

tetrahydrofuran (50 mL). While this solution was chilled in an ice water

wiath, ietrabutylammopium fiygride {mollteraydrofyan salylion 13:3 e ang

mL) was added dropwise and the mixture was stirred for 1 hour, followed

+ hddyAdgition of satrated brine (40 mly) and thetpixturewas extracted with.qyced
25 ethyl acetate (150 mL, 100 mL). The ethyl acetate layers were

pressure. The resulting pale brown tar—-like material was
dissolved in N,N-dimethylformamide (100 mL). While the
solution was chilled in an ice water bath, triethylamine (9.40
mL) was added, followed by dropwise addition of carbobenzoxy
chloride (6.00 mL). The mixture was stirred for 1.5 hours in
the ice water bath and was subsequently concentrated under
reduced pressure. The resulting residue was dissolved in ethyl
acetate (400 mL), washed with saturated brine (2 x 100 mL),
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (eluant: ethyl acetate -> ethyl acetate:
methanol = 20:1) to give (3R,4R)-[l-benzyloxycarbonyl-4-

hydroxypyrrolidin-3-yl]lmethanol as a milky white tar-like
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combined, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by silica gel column
chromatography (eluant: ethyl acetate) to give

(3R,4R)-3-azidomethyl-1-benzyloxycarbony1-4- 5 hydroxypyrrolidine as a

ilky white syrup (2.01 g). MS (CI2)m/z:277 (M512). 151 NMR (CDC13):
prog}ﬁ%_gio%rﬁh), 2.32-2.40 (m, 1H), 3.24 (dd, J=11.6 Hz, 6.1 Hz, 1H),

3.30-3.47 (m, 3H), 3.68-3.75 (m, 2H), 4.18-4.24 (m, 1H), 5.13 (s, 2H), .
et (moRRdi e e BE I SRR O R e by
Prohé/droxy yrrolidin-3-y3]methanol (3.00 g), sodium azide (2.32 g),

tnSﬁgny phosphine (3.43 g) and N,N-dimethylformamide (60 mL) were

[OO'EQ( d together. While this mixture was chilled in an 15 ice water bath,
carbon tetrabromide (4.34 g) in dichloromethane (14 mL) was added

St dron,vise. The reaction mixture was stirred at room temperature for 25
Fhours and then at 60C for 2 hours. Subsequently, methanol (5 mL) was

added and the gni:xu{r wa (ie_rgr?;ag%g c?é)ntic';;‘l%e]rc %grgggrﬁg )prglgsure. The 20

o] r
resulting residue was |’ssc§ﬁ\ge3 in ethy e and the solution

hy&s%)% W@??%Wi@ﬁaa—t%@% RQ@%%”%EO(@L}@@P V& acﬁ‘fiéflg!aol‘{?ed in N,N-

ium-sulfate, and concentrate r reduced pressure. The resulting

a1nfESIYe Mas,pyrified by siliga gel column. chiomatography (eluant: eyl 14 15
acetate : hexane=2:1) 25 to give
an(§E%4%E§é¥“%E@%ﬁwk%iﬁ@%x@éY%%?QﬁyBﬂ’and then tert-
butylchlorodimethylsilane (5.74 g) were added. The reaction
mixture was stirred at room temperature for 3 hours and was
concentrated under reduced pressure. The residue was then
dissolved in diethyl ether (400 mL). The diethyl ether layer
was washed with saturated brine (2 x 100 mL), dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified on silica gel
column chromatography (eluant: hexane: ethyl acetate = 4:1) to
give (3R,4R)-1-benzyloxycarbonyl-3-(tert-
butyldimethylsilyl)oxymethyl-4-(tert-
butyldimethylsilyl)oxypyrrolidine as a colorless oil (5.46 g).
MS (CI") m/z:480(MH").
'H NMR(CDCls): & 0.03 (s, 3H), 0.05 (s, 3H), 0.06 (s, 3H), 0.07
(s, 3H), 0.87 (s, 9H), 0.88 (s, 9H), 2.17-2.27 (m, 1H), 3.21-
3.28 (m, 2H), 3.48-3.67 (m, 4H), 4.21-4.28 (m, 1H), 5.13 (s,

2H), 7.31-7.37 (m, b5H).
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hydroxypyrrolidine as a pale brown syrup (2.94 g). This compound
was identical to the compound obtained in Process A. [0069] 5Process C:
(3R,4R)-[1-Benzyloxycarbonyl-4- hydroxypyrrolidin-3-ylmethanol (150
mg) was dissolved in dichloromethane (12 mL) and 2,4,6-collidine (0.79
0'2'5 was added to the solution. While this mixture was chilled in an ice
water bath, methanesulfonyl chloride (46.2 pL) was added 10 dropwise.
The r{%}u%ﬁz a s]%irred for 2 hours in th(f_i e water bath and was stored in
0

a refrigerator’ (3C) T6r 18 hodrs. Su %Ielé]/uentl_)/f%ﬁéfrte_action mixture was

washed entially with wat mJ_), Imol/L hydrochloric acid (2 x 2 mL)
o e g Dod I X L) dred oUar iy

sa n X er anhydrous sodium 15 sulfate,

[0

and.concentrated under reduced pressure. The, resulting residue was .
it Uaddicest i icitiac i U he Lo plclpc Ce LR
tet%:%?%{li%bﬁ?:aeﬁhy!%e%ﬁg).to V%ﬁg'zcmgsmsolution was chilled in an

enzyloxycarbony1-3-

icem%%‘é‘é‘%s%'é%w,'OWa%'&‘:e”(‘%Qe%%t”)o”é{'no&‘yé“ceéft‘%@g%ﬁ%'&dén 8% 8,29 Pale
yellow syrup and (3R,4R)-1-benzyloxycarbonyl1-3-hydroxy-4-

seo{BSW@fsﬁ o é%fg@%tgglpyggli ne (133 ma) As.q white syryp. [0Q70]
3R,4R)-1

-Benzy oxycarbonyl-3_— .ydroxy-4- . '
ten{B@ihQE‘&%%'f%P@’r%%W'QY”OM@er@c?ré{&‘%wﬁ%%‘%%%5)953:?08’&§d§ntrated

N,N-dimethylformamide (3 mL) and sodium azide (50.0 mg) was added.

unddle MRgure-was stiwed at 1006 fop 1 hout agdwas, copaaniratedupders ; 15 .5

reduced pressure. The resulting residue was dissolved'in ethyl acetate (5

ge ML) Thesalytionwas then washed withwatier (2 x 1. mb),driedovern o —4:1

anhydrous sodium sulfate, and concentrated under reduced pressure. The

-> r@?@}Jeﬁ%a%QkVé'ﬁe@@){)%gi?a geheolupchromatography (elvant et e ny1-a-

acetate) to give (3R,4R)-3-
(tagidome hﬂjlt!%%%%@fﬁm%y by deoxypyrralidine as a,milky whites ; 1

syrup (91.0 mg). This compound was identical to
(2.74 g).
MS (CI') m/z:366(MH").
'H NMR(CDCls): & 0.07-0.08 (m, 6H), 0.88 (s, 9H), 2.23-2.35 (m,
1H), 3.21-3.30 (m, 2H), 3.58-3.72 (m, 4H), 4.17-4.25 (m, 1lH),
5.128 (s, 1H), 5.135(s, 1H), 7.31-7.37 (m, 5H).
[0066]

(3R, 4R) -1-Benzyloxycarbonyl-3-hydroxymethyl-4-(tert-
butyldimethylsilyloxy)pyrrolidine (2.73 g) was dissolved in
dichloromethane (60 mL). While this solution was chilled in an
ice water bath, triethylamine (1.21 mL) was added, followed by
dropwise addition of methanesulfonyl chloride (0.71 mL) at -

5°C or below. The mixture was stirred for 1 hour at -5°C or

below and was then washed with water (2 x 25 mL), dried over
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10 the compound obtained by Process A. [0071] Step 5: Process A:
(3R,4R)-3-Azidomethyl-1-benzyloxycarbonyl1-4- hydroxypyrrolidine(1.20
g) was dissolved in dichloromethane 15 (40 mL). While this solution was
chilled in a salt/ice bath, diethylaminosulfur trifluoride (1.20 mL) was
added dropwise and the_mixture was stirred at room temperature for 3

A i R VLS s A am A 1 ChoB i, ficea by
dropwise addition of a_second portion of 20 diethylamjnosulfur triflugride

P SGAF ) Al st e Bt o TS AU Or ST R e feGction

._mixture was kept chill éj in the ice_bath, a saturated eous solution. of
i TETBONAE (30T s BCS Trepice Saisss S ST

dichloromethane layer was separated. T ichloromethane layer. 25 was .

az tﬁgn ?/\I/rla';%%d B}thaéycga%éf:e%lél&e%%sls@ﬁu%or? of ¢ sg}dihgr%ugi%érbgﬁlﬁer( action
. >%20 mLV) and Lgen water QZQCmL : do{ied quer anhgdroug saodium sulfate

mixXture as S ratcte un

&? T COorIcC er._re ucF ressure. Water
and concentrated under reauced pressure. he resu tlngpreSIdue was

3Pyyified bycsilica,gel coly Qk?hr?%ri‘%‘coag{%pﬂﬁa%e'%%”J%_»Q‘%%%”o?: oIl qietnyl
acetate = 51? to 5 give 3R,4%)- -azidomethyl-1-benzy oxyca%ony1-4-
etkf%&or%yr&c’”%t? %i?.pal?lpéowgeQQIAJ%Gé@@eg‘olayers were combined,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluant: hexane: ethyl acetate =4:1)
to give (3R,4R)-3-azidomethyl-1-benzyloxycarbonyl-4—-(tert-
butyldimethylsilyl)oxypyrrolidine as a colorless oil (3.06 g).
MS (CI') m/z:391 (MH").

'H NMR(CDCls): & 0.07-0.09 (m, 3H), 2.23-2.34 (m, 1H), 3.19-
3.25 (m, 2H), 3.27-3.40 (m, 2H), 3.60-3.71 (m, 2H), 4.11-4.17
(m, 1H), 5.13 (s, 2H), 7.31-7.37 (m, 5H).

[0067]

(3R, 4R) -3-Azidomethyl-1-benzyloxycarbonyl-4-(tert—
butyldimethylsilyl)oxypyrrolidine (3.05 g) was dissolved in
tetrahydrofuran (50 mL). While this solution was chilled in an
ice water bath, tetrabutylammonium fluoride (1mol/L
tetrahydrofuran solution, 13.3 mL) was added dropwise and the
mixture was stirred for 1 hour, followed by addition of

saturated brine (70 mL) and the mixture was extracted with

ethyl acetate (150 mL, 100 mL). The ethyl acetate layers were
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MS(CI2)m/z:279(M512).
151NMR(CDC13):62.34-2.54(m,1H),3.22(dt,J=11.0Hz,
1H),3.39-3.49(m,1H),3.54-3.69(m,2H),3.73-3.91(m,
5.14(s,2H),5.16(dt,J=53.2Hz,3.7Hz,1H),7.32-7.37 5H). 2.4Hz, 2H), (m,

072 Process B: (3R,4R)-3-Azidomethyl-1-b loxycarbony1-4-
ooy eI 5 48 ERBeA TTuEHE 125 )2 T8 White
cor}hiesnstgrllétjcon was h!_llegei agei%le Watesrsbai:[g’ 1’8f r 1ti residue was

iaza |cyc?(()j[5}léf} undec-7-ene (fﬁ@ mL) was aahdeed, ?o?l%we%lr}%/ Tate v

dropwise addition of perfluoro-l-octanesulfonyl fluoride (2.80.mL) and
P L e eh MG Taaghc miRUEAgg othyL

filte ec}1a d washed iﬂ1 tg% ene. The Ofi;%rgteland the wafhin s were
3= 1= . 1-4-
2ot And Can O hATS it TeS R ekatre The Lenmag T Pony

esidue was purified by silica gel column.chromatography (eluant: hexane:
hy%ﬁﬁﬁ%ﬁ%ﬁ§8%3 ﬁﬁ?o%ﬁmf glh%y ghl%e syr&% PE.&% g?.

o e e

'n RRRINEARY PrOcesSA g 2 30 (br, 1H), 2.32-2.40 (m, 1H), 3.24
(dd, J=11.6 Hz, 6.1 Hz, 1H), 3.30-3.47 (m, 3H), 3.68-3.75 (m,
2H), 4.18-4.24 (m, 1H), 5.13 (s, 2H), 7.31-7.37 (m, 5H).
[0068]

Process B: (3R,4R)-[1-Benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yl]methanol (3.00 g), sodium azide (2.32
g), triphenylphosphine (3.43 g) and N,N-dimethylformamide (60
mL) were mixed together. While this mixture was chilled in an
ice water bath, carbon tetrabromide (4.34 g) in
dichloromethane (14 mL) was added dropwise. The reaction
mixture was stirred at room temperature for 25 hours and then
at 60°C for 2 hours. Subsequently, methanol (5 mL) was added
and the mixture was concentrated under reduced pressure. The
resulting residue was dissolved in ethyl acetate (200 mL) and
the solution was washed with saturated brine (2 x 50 mL),
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluant: ethyl acetate : hexane=2:1)

to give (3R,4R)-3-azidomethyl-l-benzyloxycarbonyl-4-
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[0073] Step 6: (3R,4S)-3-Azidomethyl-1-benzyloxycarbonyl1-4-
fluoropyrrolidine (1.35 g) was dissolved in ethanol (30 mL) 5 and platinum
(IV) oxide (190 mg) was added. The mixture was then stirred at room
temperature for 2 hours under a stream of hydrogen gas (blown by a
n alloon). Thelca#all){st in the reaﬁtio mixture was filterfd tho gh a Celite
YA ARG thE Chtalyst anid theCelite Bad Werd\iakhewith efffanol. The
10 filtrate and the washings were then combined and concentrated under . .
o ol e SIS Gl S e R
Pro(:hr%ma ography (eluant: ethyl acetate: methanol = 10:1) to give
(§§,4%)- aminomethyl-1benzyloxycarbonyl-4-fluoropyrrolidine as a pale
[Oo%%\jvn oil 15(1.13 g). MS (CI2) m/z:253(M512). [0074] Step 7:
(35,4S)-3-Aminomethyl-1-benzyloxycarbony1-4- 20 fluoropyrrolidine (1.10
g) was dissalved in hanol (13 mL). To-this solution, molecular sieve 4A
> (440 rﬁg?)cgnsds thge'n bve%'a%(?\ghyﬁe %%qf %ﬁﬁ’e?g %d%eng he mixture was
ny SR SSI00T empoialc or.h fouy loeq iy 20N 0l 8 vea 1o

ora idine comp 44 mL) and further stirring at room 25

a1 JETPELAHLLS, (13- PouR: Subsgayently; 6ma/L hydrocionts 1) was

added to the solution. While this mixture was chilled in an
ice water bath, methanesulfonyl chloride (46.2 ulL) was added
10 dropwise. The mixture was stirred for 2 hours in the ice water
bath and was stored in a refrigerator (3°C) for 15 hours.
Subsequently, the reaction mixture was washed sequentially
with water (2 mL), 1mol/L hydrochloric acid (2 x 2 mL) and
saturated brine (2 x 2 mL), dried over anhydrous sodium
15 sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (eluant: hexane: ethyl acetate 1:2 -> ethyl
acetate) to give 38.7 mg of (3R,4R)-1-benzyloxycarbonyl-3-
methanesulfonyloxy—-4-methanesulfonyloxymethylpyrrolidine as a
20 pale yellow syrup and (3R,4R)-1-benzyloxycarbonyl-3-hydroxy-4-
methanesulfonyloxymethylpyrrolidine (133 mg) as a white syrup.
[0070]

(3R, 4R) -1-Benzyloxycarbonyl-3-hydroxy-4-
methanesulfonyloxymethylpyrrolidine (125 mg) was then

25 dissolved in N,N-dimethylformamide (3 mL) and sodium azide
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acid (7.3 mL) was added and the mixture was stirred at room temperature
for 1 hour. A 30% aqueous solution of sodium hydroxide was then added
to make the mixture basic. The mixture was extracted with diethyl ether (2
x 100 mL). The 5 diethyl ether layers were combined, dried over

(s Ruiqus sodium sulfate, and concentrated under reduced prossue. The
resuffing résidué Was purlflec?by sifica ‘el ¢oltimn chromatography

(eluant: hexane: ethyl acetate =4:1 -> 1:1) to giv
ho B R e b EIES. prcds¥iRropTiSiicine
as a colorless tay (1.18 g). MS (C z:.343(tb5 2). [0075] Step. 8:
£ i< ep AT ROy LB oG AR 16 o 0 ). The

fluoropyrrolidine (1.15 g) was dissqlved in_methanol %l t). To thi
o eIl SROBL B (108 o) Arehe sBd L 52 Ly, 2108 over

ani{lsediomecionepyionlyimetyigiane (. fmi and sodum_c . ccq

Y,
anoborohy mg) were added and the mixture was refluxe

2 hourg, wh% being stgred. Thg 20 insglubl @at riall in.ther ngﬂ
Pr Shixture 'was‘?fllﬁefedS thréll?ghwg Ce?i?erﬁa&.e'lgﬁe olfecter %s%?%le material

cnANLDS Gelitg pady %@n‘@a}s%egthth ethapal, TQ‘c’i filfcate a[‘%zillg‘r%m -3-

washings were combined an mol/L aqueous solution of so

az IYGFQAAS was agded 1o make, Fb%??ﬂt—i%rl Rasicdp gggy@r 6% Mathangls 5

was then evaporated under reduced pressure and

milky white syrup (91.0 mg). This compound was identical to
the compound obtained by Process A.

[0071]

Step 5:

Process A: (3R,4R)-3-Azidomethyl-1l-benzyloxycarbonyl-4-
hydroxypyrrolidine(1.20 g) was dissolved in dichloromethane
(40 mL). While this solution was chilled in a salt/ice bath,
diethylaminosulfur trifluoride (1.20 mL) was added dropwise
and the mixture was stirred at room temperature for 3 hours.
The reaction vessel was again chilled in a salt/ice bath,
followed by dropwise addition of a second portion of
diethylaminosulfur trifluoride (0.57 mL) and stirring at room
temperature for 2 hours. While the reaction mixture was kept
chilled in the ice bath, a saturated aqueous solution of

sodium bicarbonate (40 mL) was added dropwise and the

dichloromethane layer was separated. The dichloromethane layer

was then washed with a saturated aqueous solution of sodium
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residue was extracted with diethyl ether (2 x 100 mL). The diethyl ether
layers were combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was purified
by silica gel column 5 chromatography (eluant: hexane: ethyl acetate =

o1 LS AVE (35, 49 (berey 1

-Cyciopropyij .
amimoniethyi-Thehz§ioxycarbonyi-4- iﬁy(r)lrovg%/ﬁ%%diﬁ%oasm& LoloTRaS TarCVer
an %51260%)::,'\48 @Purnqlzsuaf g a(tMeZ)' %91[%0(7: 6L§teerpt19::a(§esd 41? czl?%-r reduced
h( -ﬁenzyﬂ\?—cyuopropyu amihome yl-(?L-
reben@(ioxyc beonyé-gf-fﬁolrop r£oelidinll 1'%251 )Wéis. 'ssoclv%d inseltll'lailnol ol
P (ii mf)i To this Solution, 16% pa?la iUm Carbdn 15 (150 mgﬁ/was added”
and the mixture was stirred at room temperature for 4 Pll‘purs undera_ .
o Ty 5 R St e bleah By & bellann) The AlAIyst i ihe raaciich 1) ©°
. Jnixture was filtered through, a gglljit_ ad, and the catalyst-and the Celite
glvpeadt(Lvé\fer’e %vs)asr%z Wit Oenﬁr%;engl. The filtrate a%é%ﬁﬁé’a% ?]ngs 20 were then

combined and concentrated under reduced pressure. The resulting
e e By siich BeT ool ohTomalonaphy (Giuant ethy

MS a{@fat)e:mtp%q@l :Fsﬁg:%).. The eluate Was.distilled under reduced N

pressure to give (3R,45)-3- cyclopropylaminomethy1-4-fluoropyrrolidine
'y (M4 @Las)a 23 clogess ol MG, (Clgy m/z;5159,(M3l2). HAMS (CI2) | 2 4 &z,
1H), 3.39-3.49 (m, 1H), 3.54-3.69 (m, 2H), 3.73-3.91 (m, 2H),
5.14 (s, 2H), 5.16 (dt, J=53.2 Hz, 3.7 Hz, 1H), 7.32-7.37 (m,
5H) .
[0072]

Process B: (3R,4R)-3-Azidomethyl-1l-benzyloxycarbonyl-4-
hydroxypyrrolidine (1.79 g) was dissolved in toluene (56 mL).
While this solution was chilled in an ice water bath, 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (2.03 mL) was added, followed
by dropwise addition of perfluoro-l-octanesulfonyl fluoride
(2.80 mL) and stirring for 1 hour. The insoluble material in
the reaction mixture was filtered and washed with toluene. The
filtrate and the washings were combined and concentrated under
reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluant: hexane: ethyl acetate =
2:1) to give (3R,4S)-3-azidomethyl-1l-benzyloxycarbonyl-4-
fluoropyrrolidine as a pale brown syrup (1.58 g). This

compound was identical to the compound obtained by Process A.
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Calcd for 09531EFN2: 159.1298 Found: 159.1316. 5[0077] <Reference
Example 9> Synthesis of (3R,4S)-3-cyclopropylaminomethy1-4-
fluoropyrrolidine (Process Il) Step I:
10(3R,4R)-(4-Hydroxypyrrolidin-3-yl)methanol (1.18 g) was dissolved in
e;g_rﬂmol (25 mL). To this solution, triethylamine (1.40 mL) was added and

L0 Owh| e the mixture was chilled in a salt/ice water bath, benzyl bromide (1.10

S temL was added dropwise. The mixture was stirred at room temperature for
15 hour and was concentrated under reduced pressure. The resulting

resids s putlied by slice el cqupn ciyomalegraphy (sugnt ety

acetate: methanol =
e o oy el S AT S0
amﬁ%%%%zﬁ&g:gg%l%g%de (190 mg) was added. The mixture was
then stirred at room temperature for 2 hours under a stream of
hydrogen gas (blown by a balloon). The catalyst in the
reaction mixture was filtered through a Celite pad, and the
catalyst and the Celite pad were washed with ethanol. The
filtrate and the washings were then combined and concentrated
under reduced pressure. The resulting residue was purified by
silica gel column chromatography (eluant: ethyl acetate:
methanol = 10:1) to give (3S5,4S)-3-aminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine as a pale brown oil
(1.13 qg).
MS (CI") m/z:253(MH").
[0074]
Step 7:

(3S,4S)-3-Aminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine (1.10 g) was dissolved in methanol (13 mL).
To this solution, molecular sieve 4A (440 mg) and then
benzaldehyde (0.44 mL) were added. The mixture was stirred at
room temperature for 1 hour, followed by addition of a
borane/pyridine complex (0.44 mL) and further stirring at room

temperature for 3.5 hours. Subsequently, 6mol/L hydrochloric
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Found: 207.1237. [0078] 25 Step 2:
(3R,4R)-(1-Benzy1-4-hydroxypyrrolidin-3-yl)methanol (1.36 g) was
dissolved dichloromethane (14 mL). While this solution was chilled in a dry
ice/acetone bath, triethylamine (0.83 mL) was added, followed by
dropwise addition of methanesulfonyl 5 chloride (0.46 mL) and stirring for
e e (16 0 WA nde A (8 Foatiion ANRS WEEHIed 5™
¢ opivarm fo roeoqéemeeﬁé%rg angv%o/dilute%\évgg dsi)c Iorolrrgjethg eéZO EnuL .
e dichforométhane ayerwas sepéraatga, WASh&Q with Water %2 X %
h J?Lla{’é‘edwoa"ser%‘%ﬁ?g’é‘éesé’d%”om%%%tetﬁgdr%?“%eméaﬁﬁgslioc“”dﬁ%e
Yo uce&pressure. e resulting residue was purlﬁedlgy silica gel column
. _chromatography (hexane: ethy] acetate =.1:1 -> ethyh cetate; methanol =
ml}%ouf)e. f%aegsfragc%i%%aeﬁut%g v‘\'/qittl}hlé/ 816%%§I g&-:}}tg%e ( 21)Xy?é%ggmﬁb9' the

. exane

. (3R, 4R)-1-benzyl-3- . .
o A iR SRS isl5he SR SRR

anesu methanesulion oxyfnet ne as a
hite svr 5 mq)..MS (EI2 Z.363 (M2). HAMS (El2 Icd for
sodl i RS b RRran a0 (e FbeoeiR e ie.  Tne

re s‘%lﬁt?gn"&“f_{bs@% %%e’x%g! methane] (20 %W%ldleldc a

1 1
(3R,4R)-1-benzyl1-3-hydroxy-4- methanesu fonyloxyr%eethyﬁgyrlrlgh%ine as

ch YRS Y5 IRl (BAAMGIMS (L miz: 285 (M2) 2 HAMS(ELD) _. 1.1) o

give (3S,4S)-3-benzylaminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine as a colorless tar (1.18 g).

MS (CI") m/z:343 (MH").

[0075]

Step 8:

(3S,4S)-3-Benzylaminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine (1.15 g) was dissolved in methanol (21 mL).
To this solution, molecular sieves 3A (1.05 g), acetic acid
(1.92 mL), [(l-ethoxycyclopropyl)oxy]trimethylsilane (2.70 mL)
and sodium cyanoborohydride (633 mg) were added and the
mixture was refluxed for 2 hours while being stirred. The
insoluble material in the reaction mixture was filtered
through a Celite pad. The collected insoluble material and the
Celite pad were washed with methanol. The filtrate and the
washings were combined and a 2mol/L aqueous solution of sodium
hydroxide was added to make the solution basic (pH 14).

Methanol was then evaporated under reduced pressure and the
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Calcd for 0I3H19N04S: 285.1035 Found: 285.1045. [0080] Step 3:
5(3R,4R)-1-Benzyl-3-hydroxy-4- methanesulfonyloxymethylpyrrolidine
(835 mQ), sodium azide (381 mg) and N,N-dimethylformamide (12 mL)
were mixed together, and the mixture was stirred at 120C for 1 hour and

was concentrated under reduced pressure. Water (10 mL) was then 10
e e (5 e SRR FEb Ak e o0 L B eXfaBte Wi ety e
dieg%ﬁ@r (2 x go mll). The dleth¥I8ether gjy_/ers were cogblned, drie oyer

1t ether . Tave we com e rje ver,an r
drous Soditmrsulfaté, and concen?ragefd under reduced pres%ure.uﬁwe

soo{%ﬁﬁ?}%%eft%%;g% and e i i&%ﬁ%%ig%g?' Golumn CEOMAPAIANY. ire.  The
. ethyl 15 acetate: methanol = .ﬁto give
res(3 %%)-B-azid.o ethxla-llbenz l-A:.L-h droxypyr. oIiCdine as ap; le brown oll

(85 1) MG (B13) 3 259 (M. AV (B12) Lo top CLoE N4
chég%%%%%%%%gyu?gi%%%%gogéggﬁélS%%h%l acetate = 4:1) to give
(3S,4S)-3-(N-benzyl-N-cyclopropyl)aminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine as a colorless tar (1.26
g) .
MS (EI) m/z: 382 (M').
[0076]
Step 9:

(3S5,4S)-3—-(N-Benzyl-N-cyclopropyl)aminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine (1.22 g) was dissolved
in ethanol (14 mL). To this solution, 10% palladium carbon
(150 mg) was added and the mixture was stirred at room
temperature for 4 hours under a stream of hydrogen gas (blown
by a balloon). The catalyst in the reaction mixture was
filtered through a Celite pad, and the catalyst and the Celite
pad were washed with ethanol. The filtrate and the washings
were then combined and concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (eluant: ethyl acetate: methanol = 20:1). The
eluate was distilled under reduced pressure to give (3R,4S)-3-

cyclopropylaminomethyl-4-fluoropyrrolidine (414 mg) as a

colorless oil.
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(3R,4R)-3-Azidomethyl-1-benzy1-4-hydroxypyrrolidine (566 mg) was
dissolved in dichloromethane (9 mL). While this 25 solution was chilled in
an ice water bath, diethylaminosulfur trifluoride (0.39 mL) was added
dropwise and the mixture was stirred at room temperature for 2 hours.
hile the reaction vessel was chilled in an ice water bath, a saturated
MS XX]CuIe usmgoﬁUtiolnggf s%% |u}n' bicarbonate (9 mL) was added and the 5
iXiiLg%, as diluted with dichloromethane (15 mL). The dichloromethane
HR ; )
ayer was separated, washed sequentially with a saturated aqueous
solution of sodium hic r%) n 0 mL) and water (10 mL), dried over
Calacn%y]dp%uscsé%&ﬁ%rr{r]‘fs'ulia é),'a?r% %1oncentrated under reduced pressure. The
resulting resi was 10 purified by silica gel column chromatography
FOU(% uant:ghgge'xia%%:%éthyl acetate = 4:1). The first half fraction yielded
[0 0(?2 4R)- 3-azidomethyl-I-benzy1-4-fluoropyrrolidine as a pale brown oll
( ]7 mg). MS (EI2) m/z:234 (M2). 15 HAMS (EI2) Calcd for 0125315FN4:
4,1281 Found: 234.1263. [0082] The second half fraction

<ReTere

yleldeaigR,45§- -azidomethy1-1- 20 benzyl-4-fluoropyrrolidine as a pale

s EIRUD Al (220 ). M (12 uz; 234 (Y2) HAMS. (12) Caled for

NEDA4 Ay

1Z20010FN4aT Z34.1Z01

fluoropyrrolidine (Process II)

Step I:

(3R, 4R) - (4-Hydroxypyrrolidin-3-yl)methanol (1.18 g) was
dissolved in ethanol (25 mL). To this solution, triethylamine
(1.40 mL) was added and while the mixture was chilled in a
salt/ice water bath, benzyl bromide (1.10 mL) was added
dropwise. The mixture was stirred at room temperature for 1
hour and was concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (eluant: ethyl acetate: methanol = 20:1) to
give (3R,4R)-(l-benzyl-4-hydroxypyrrolidin-3-yl)methanol as a
milky white syrup (1.02 g).

MS (EI') m/z: 207 (M").
HRMS (EIM)

Calcd for Cy1oH19NO,: 207.1259
Found: 207.1237.

[0078]

Step 2:
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Found: 234.1269. 25[0083] Step 5:
(3R,4S)-3-Azidomethyl-1-benzyl-4-fluoropyrrolidine (215 mg) was
dissolved in ethanol (3 mL) and platinum (IV) oxide (30.0 mg) was added.
The mixture was stirred at room 5 temperature for 5 hours under a stream

was EBToAIeC LT A Colie Had ARt Ly 41 e S poWare (136
o Yot il Toe Ao nd o weiges wers 020 O
cadSE B R amnonel L et ugodne s R RO O s o
o ARG 5 A eiy L nan S foragr e LB e v TonY
chf%%%%%?q5lwgﬂ%ﬂ¥”Q%H“%tg%yﬁﬁéo%QP”BO min. Water (10 mL) was

added and the reaction mixture was allowed to warm to room
temperature and was diluted with dichloromethane (20 mL). The
dichloromethane layer was separated, washed with water (2 x 10
mL), dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The resulting residue was purified by
silica gel column chromatography (hexane: ethyl acetate = 1:1
-> ethyl acetate: methanol = 20:1). The fraction eluted with
hexane/ethyl acetate (1:1) yielded (3R,4R)-1-benzyl-3-
methanesulfonyloxy—-4-methanesulfonyloxymethylpyrrolidine as a
milky white syrup (585 mg).

MS (EI') m/z: 363 (M').

HRMS (EIM)

Calcd for C14H,1NOgS,: 363.0810

Found: 363.0804.

[0079]

The fraction eluted with ethyl acetate/methanol (20:1)
yielded (3R,4R)-1-benzyl-3-hydroxy-4-
methanesulfonyloxymethylpyrrolidine as white crystals (840 mg).
MS (EI') m/z: 285 (M').

HRMS (EI™)
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20 molecular sieves 4A (80.0 mg) and then benzaldehyde (90.8 R12)
were added. The mixture was stirred at room temperature for 1 hour,
followed by addition of a borane/pyridine complex (90.2 RL) and further
stirring at room temperature for 3 hours. Subsequently, 6mo3/L
hydrochloric acid (1.5 mlL.) wa ed and 25 the mixture was stirred for 1
ca %%r%g rr¢6§7ll9qu‘§du35§o\qu§§r?gf sodium hydroxide was then added to
Fo Urfn@lge miﬁ'zir basic. The mixture was extracted with diethyl ether (3 x
mL). The diethyl ether layers were combined, dried over anhydrous
[Oosgéji;m sulfate, and concentrated under reduced pressure. The 5 resulting
residue was purified by silica gel column chromatography (eluant: hexane:
S teethyél acetate = 4:1) to give
(%S,48)-1-benzy1-3-benzylaminomethyl—4-fluoropyrro|idine as a pale

brown.gjl 'mg), MS (CI2) m/z;.299 (M512). 10 HAMS (CI2) Calcd for
0195932(312%%? g&?l%%ﬁ@o?nm}é%?f@%o?[0085] Step 7:
5(35,4S)-1-Benzy1-3- lami hyL-4- lidine,(17

e A B PR om0

(34180.M9)Acetic aeid, E%gﬁﬂ%'i)f é(ﬁdg@%g Cgﬁ"%erEX')% Iy mﬂ%ﬁz‘%gether ,

(0.47°mL) and sodium cyanoborohydride (110 mg) were added and t

andjlewas 20 LeflpxedJpr 3. noyrs, whils being:gfjrrad. he insalyble,

material in the reaction mixture was filtered through a Celite pad. The

corfOllgeteddnsolyblepaterial apd the Celite pad werewasped With o5 tnen
methanol. The filtrate and the washings were combined and a 2mol/L
ad&%ﬁ“%@séﬁ@“Eﬁéﬁf%ﬁm&“%@Qﬁﬁ%@@Q%ﬁ the mixture was extracted
with diethyl ether (2 x 30 mL). The diethyl ether layers were
combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluant: ethyl
acetate: methanol = 20:1) to give (3R,4R)-3-azidomethyl-1-
benzyl-4-hydroxypyrrolidine as a pale brown oil (576 mg).
MS (EI') m/z:232 (M').
HRMS (EI")

Calcd for C;2H14N4O: 232.1324

Found: 232.1309.

[0081]
Step 4:

(3R, 4R) -3-Azidomethyl-1-benzyl-4-hydroxypyrrolidine (566
mg) was dissolved in dichloromethane (9 mL). While this

solution was chilled in an ice water bath, diethylaminosulfur
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25 added to make the solution basic (pH 14). Methanol was then
evaporated under reduced pressure and the residue was extracted with
diethyl ether (3 x 10 mL). The diethyl ether layers were combined, dried
over anhydrous sodium sulfate, and concentrated under reduced

Jpressure. The resulting residue was 5 purified hy silica gel column
= A Tahy (eluAnt hEvAne Bihy) ACEIAE S 17 W givas LxEure was

(3R,4S)-3-(N-benzyl-Ncyclopropyl)amingmethyl-1-benzyl-4-flugropyrrolidin
R Ty R (D) 55 (1 P i o
e a0 for C2QE1BOFN2, 339,227 Found. 339,285 [00BOL S(EP; 0

ﬁ:ﬁ Rfﬁ\’f - enzyﬁRl-cyclopropyv/ﬁamlnome yl- -benzﬁ-f a

fluoropyrralidine, (170 mg) was dissolved.in ethanal (10 mL). To this
o ot AT 0T (00 ) A ST L L e

. .added and the.mixture was stirred at 50C for 23 hours under.a hydrogen
> mlxprlelgseurgao? Bgég%%%gl%ﬁeg %%?]géiarrtﬁega%r on in t%e 1;@a)c'iiongr%%(qture
, s filtered,through_a Celite_pad and was washed, .along with the Celit .
A e e S T A S I ey i
a sCéJERS?QT{%E?da%%J%dLé%eﬂh@%eéﬁ“&% Tothe rgsyl %E%%ﬂ'é%gz gg‘;&g mlL) and

agueous solution of sodium hy ide (approx. 1 mL) was 25 a

roxi

wa tSAUTEHigN; The mixture, wasdhen extracted with, 4 s un sulfate, and

concentrated under reduced pressure. The resulting residue was
10 purified by silica gel column chromatography (eluant: hexane:

ethyl acetate = 4:1). The first half fraction yielded (3R, 4R)-

3-azidomethyl-1-benzyl-4-fluoropyrrolidine as a pale brown oil

(76 .7 mg) .

MS (EI') m/z:234 (M').
15 HRMS (EI")

Calcd for CioHisFNy: 234.1281

Found: 234.1263.

[0082]

The second half fraction yielded (3R,4S)-3-azidomethyl-1-

20 benzyl-4-fluoropyrrolidine as a pale brown oil (220 mg).

MS (EI') m/z: 234 (M").

HRMS (EIM)

Calcd for CioHisFNy: 234.1281

Found: 234.1269.

25 [0083]
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diethyl ether (3 x 10 ml). The diethyl ether layers were combined, dried

over anhydrous sodium sulfate, and concentrated under reduced pressure

to give (3R,4S)-3- cyclopropylaminomethyl-4-fluoropyrrolidine as a pale

brown oil 5 (65.4 mg). This product was identical to the compound

obtgined in Reference Example 8 (Process I). [0087] <Reference Example

o> Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4- 10

fluor rrolig'n tep 1: L

BRART By DB TSRk SRR ES S Gl (215
0), triphenylphosphine 5'7%3 d benzaic acid (2.55 ).Weretg Ived .

T IO (50 o ORI 15 18 S G W AT in b S e

h, diethyl azodjcarboxylate (40%, toluene solutjon, 9.53 mL) was added
(o, The AT wad S ot CEor Bt Tor & ur and ot t

jgam Emaeralire Jor 2 hours a0 yas subsegyonty sancenialedundef o,

teq@ara E' ] 8 OFf .
uced pressure. The resulting residue was 20 purifie
colymn chromato hy (eluant: hexane: ethyl acetate = 2:1). The eluted
py WM COToMatograpny. Leiyd EpEhyacet T, g
Y paale brown rtler?r-like materfsa%l W sstijisécr)]lveél1 in ethanol (60 mL). To this -

£1 15004100, pRIASSIM &aﬁ%oﬂaé% (494 9) i’fﬁ Watel(30.p ghg% added and ce1ite

the mixture wasrefluxed for 3 hours while being stirre ubsequently, 25

padngLeactionmidure,was copcentratedynder redyced pressureand,they, ; o

residue was dissolved in dichloromethane (200 mL). This solution was

weMAshed with satyrated firipe (20 a0 ml), drjed oyer anhydrous sgaium, ¢ o

sulfate, and concentrated under reduced pressure. The resulting residue
giO%aggng%%bg§gﬁ§nomethyl—1—benzyl—4—fluoropyrrolidine as a

St

pale brown oil (191 mg).

MS (CI') m/z: 209 (MH").
HRMS (CI")

Calcd for CioHq1gFNy: 209.1454

Found: 209.1465.

[0084]
Step 6:

(3S,4S)-3-Aminomethyl-1-benzyl-4-fluoropyrrolidine (186
mg) was dissolved in methanol (4 mL). To this solution,

molecular sieves 4A (80.0 mg) and then benzaldehyde (90.8 uL)
were added. The mixture was stirred at room temperature for 1
hour, followed by addition of a borane/pyridine complex (90.2
UL) and further stirring at room temperature for 3 hours.

Subsequently, 6mol/L hydrochloric acid (1.5 mL) was added and

the mixture was stirred for 1 hour. A 6mol/L agqueous solution
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5 gel column chromatography (eluant: ethyl acetate :methanol = 10:1) to

give (3R,4S)-[1-benzyloxycarbonyl1-4- hydroxypyrrolidin-3-ylimethanol as

a milky white syrup (2.04 g) MS (El) m/z: 251 (M2). 10[0088] Step 2:

(3R,4S)-[1-Benzyloxycarbony1-4-hydroxypyrrolidin-3- yljmethanol (2.33

, SQdium azjde (1.81 g), triphenylphgsphine (2.67 g%ha d , ,

ot eyt Go T8 T3 T SRE it Bener Rulibhare basic.

mixture was chilled in an ice water bath, carbon tetr bromgj;e 3.380) i
Thedi%f){rtourﬁéethgﬁg (f@l ML cv%ées\g agég d(rjolp%v%%é]ﬁ'rﬁeﬁrqeearcti n r%ixﬁ?@re%\}\}/“ s The

. stirred at room temperature for 13 hours and then at 60C for 3 hours.
i S TR Haansl (o) s ot B bt RAL g Eus
oncentrated under reduced pressure e was

d . The resulting resid
o R | S ate 00 P e 1 G ey The

re SEINIAIEA brine (2 x S0l ), driegl over anhygrous sodiym sylfete, and
concentrated under reduc dppressure. e resultlng?esmue was purified

chrgé’xiﬁa'tl%%%%%'p%%}“ MR 2p:lromatoqraphy (eiiant eyl acgtate  hexane = ; o

(343 5)'3'8%'&99919181'5%9%% oycahonyl-A-nydroxyoyrQlidine 84 2ne as a
milky white syrup (2.18 g). MS (FAB+) m/z: 277 (M512).

pale brown oil (179 mg).

MS (CI") m/z: 299 (MH').

HRMS (CI")

Calcd for C19H24F N, ¢ 299.1924

Found: 299.1960.

[0085]

Step 7:
(3S,4S)-1-Benzyl-3-benzylaminomethyl-4-fluoropyrrolidine

(175 mg) was dissolved in methanol (2 mL). To this solution,

molecular sieves 3A (180 mg), acetic acid (0.36 mL), [(1-

ethoxycyclopropyl)oxyltrimethylsilane (0.47 mL) and sodium
cyanoborohydride (110 mg) were added and the mixture was
refluxed for 3 hours while being stirred. The insoluble
material in the reaction mixture was filtered through a Celite
pad. The collected insoluble material and the Celite pad were
washed with methanol. The filtrate and the washings were
combined and a 2mol/L aqueous solution of sodium hydroxide was

added to make the solution basic (pH 14). Methanol was then
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[0089] 5 Step 3: (3R,4S)-3-Azidomethyl-1-benzyloxycarbony1-4-
hydroxypyrrolidine (300 mg) was dissolved in dichloromethane (6 mL).
While this solution was chilled in a salt/ice bath, diethylaminosulfur
trifluoride (0.43 mL) was added dropwise 10 and the mixture was stirred at
room temperature for 4 houg. The reactiona\r/l%ssgkllwas cshillgd in an ice

CVaRter bath AR 8 satiratsd aqieots stiticH of SotiumBidarbonatk’ (e

mL) wa addegb. The dichloromethane layer was tgen arated, washe
eXtﬁi%cggt%rgté r%lee(g%(y mL), 8r'r|ec‘%ovgr g%ﬂ\é&n rous so ?ur??‘t Jl%tguﬁt%tée, her

and concentrateqounde reduced, pressure. 'l;lhe resultin rgsidue was.
layer?.Wﬁfe.Fom 1ne{, rhed QVver ﬁ? ?ro%s od1ium sq ate, and
puritied by silica gél column chromatography (eluant. hexane: ethy

co acertl tea: %&') t%gieve a m%;(utgree of ressure. e resulting residue was
n(%ﬁ )-§-azi omet]ﬁyﬁf- enz?]o?ycar%onylA-Tf}ﬁoropyrro]lid|ne and

purk PEEAME-Lrben2vioryoaronyl-3,20 pueline (41 ). 19090 e

atinum xide was suspen thano m

ot a@ tggescugggngiog, 6}; %tirred ‘a}%ropg%teigggr tu(rﬁ_%nedrcl—:-r 3,23 stream of

drogen gas (blown by a balfoon) for 30 min. Subsequently; a mixture

é?gRE;P%)%g‘if i thyl-1-benzyl-4-f1 4]
<Y (3R,4R)- -a)ziFl olnﬁlgt%()ell-l enzyloxeyrcl:zzarybonyl-4-ﬁ85%%¥/¥r€ﬁ&ihelar#]% @5 @

. ol%g_ztigggweglﬂl-1pleﬂgy}%yqarbonyl-3-pyrroIine in ethanol (3 mL) was

added and the mixture was stirred at room temperature under a stream of

MS Eﬂgoggng%%@)lqwqy.a balloon) for 5 hours_. The catalyst in t_he
reaction mixture was filtered and was washed with ethanol. The filtrate

nrvnd the-washings were combined and concentrated under reduced
pressure. The resulting residue was purified by silica gel column

ca1chiomatographyfgluanisethybacetate -> 10 ethyl acetate: methanol =
10:1) to give a mixture (313 mg) of

roUs4R)3-agmingmethyl-1-benzyloxycarbonyl-4-fluoropyrrolidine and
3-aminomethyl-1-benzyloxycarbony1-3-pyrroline. [0091] Step 5:

[0086]

Step 8:

(3R,4S) -3-(N-Benzyl-N-cyclopropyl)aminomethyl-1-benzyl-4-
fluoropyrrolidine (170 mg) was dissolved in ethanol (10 mL).
To this solution, 10% palladium carbon (200 mg) and chloroform
(0.17 mL) were added and the mixture was stirred at 50°C for
23 hours under a hydrogen pressure of 3.0 x 10° Pa. The
palladium carbon in the reaction mixture was filtered through
a Celite pad and was washed, along with the Celite pad, with
ethanol. The filtrate and the washings were then combined and
concentrated under reduced pressure. To the resulting residue,

a 30% aqueous solution of sodium hydroxide (approx. 1 mL) was

added to saturation. The mixture was then extracted with
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15The mixture (310 mg) of (35,4R)-3-aminomethyl-1-
benzyloxycarbony1-4-fluoropyrrolidine and
3-aminomethyl-1benzyloxycarbonyl-3-pyrroline was dissolved in
methanol (4 mL). To this solution, molecular sieves 4A (130 mg) and then
a1 Jgnzsdetde (043 mb) wers addgd and the mixture was stined 208t
roor temperature fér 1 hollr. 'Subsequently, a Borane/pyridiie complex
co (gilr?e@L) /as a dée‘ge%ndtne r 9C'Eilon gni?itfﬂ?nwgﬂ gher stgre at room
emperature fora Rours. 6mo3 ﬁycfrocﬁ ofic acid’ mﬁ(/vasri en added
and the mixture was stirred at room temperature for 1 ho fol%< wed by 25
o o B 4 3000 SO L GO TSl i e el o
ixture basic, The mixture was.then extracted with diethyl ether (3 x.10 .
o T T Aty SRy Ere ore Cb bR ahd SO Rcemrated dnger 0w 013

concentraateg%n(eier

eguce pressure. The resulting residue was Eri ied Msilica el column., _.

(@ chroma o'grzjéﬁyl/s(e ]é%ge%cléic o?or%]éjt%%\%llle:cﬁetr%gno =10:1 ooélli\l/e obtained

.o BSAR)-3-he I%ngn%emg-l-benz loxycarbony1-4-fluoropyrrolidine as

7 3 pale yellow O%Izry& 7 mg). ?Eies“f’r%m/z/:?,% (M512). HAMS (FAB+) 10

[oo%aflﬁ:d for 0205124FN202: 343.1822 Found: 343.1815. [0092] Step 6:
(3S,4R)-3-Benzylaminomethyl-1-benzyloxycarbony1-4-

<Reference Example 10>

Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4-

fluoropyrrolidine

Step 1:

(3R, 4R) - [1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]methanol (2.50 g), triphenylphosphine (5.74 g) and benzoic
acid (2.55 g) were dissolved in tetrahydrofuran (60 mL). While
this solution was chilled in a salt/ice bath, diethyl
azodicarboxylate (40% toluene solution, 9.53 mL) was added
dropwise. The mixture was stirred at 0°C or below for 1 hour
and then at room temperature for 2 hours and was subsequently
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluant: hexane:
ethyl acetate = 2:1). The eluted pale brown tar-like material
was dissolved in ethanol (60 mL). To this solution, potassium
carbonate (4.07 g) in water (30 mL) was added and the mixture
was refluxed for 3 hours while being stirred. Subsequently,

the reaction mixture was concentrated under reduced pressure
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15 fluoropyrrolidine (170 mg) was dissolved in methanol(5 mL). To this
solution, molecular sieves 3A (160 mg), acetic acid (0.29 mL),
[(1-ethoxycyclopropyl)oxy]trimethylsilane (0.40 mL) and sodium
cyanoborohydride (93.5 mg) were added and the mixture was refluxed for

hours while being stirred. The insoluble 20 material in the reacti
and3 t%e rﬁasslﬁﬁleereg%ﬁr glﬁsaoi (§) 1 %Jhcrl’q?ﬁ) tha fgé%qj

. t. L) .
mixture oug ite pand. & cotrectid iRgditbleMatéHal

rhiAN0Lhe Gellte pad were wasned, with methanol, T hﬁrf"ltﬁ%te pdthe, 1),
Wassnlngs were combined and aJZmOIﬁ_ agueous solution of'sodium

ar fgroxide was added fo make (e solution basic (g~ 12). Methang! was,.
‘then 25 evaporé/te Under reduced pressure and the residue was

xtracted with diethyl herdg’a X mng.nThe diethyl ether layers were o
re A Ol it T o0 Loaith SR B onEOERa i 3114cs

reduced pressure. The resulting residue,was purified by silica gel column
11egUqes Rress lting /as.pyl g9eLcHmMN,,
9€ ch?gm%?ogrgpﬁf ?‘éﬁgl%r?i}e)x ne{ gt?ff/Faceetat = 2?1 tgag%vee mETHat

(3S,4R)- -(@-be [-Ngyclopropyha ir(ljg{m h I-%ﬁb nzyloxycarbonyl-4-
Lo 'f%?)r%p%)/r%o id?ne{gzgéélc% or;?egss%%/rr) 5& mﬁ?gl\%% (Ffll% m/z: 383 (M512).

o AR Sk SN St 2% o0
g) .

MS (EI) m/z: 251 (M").

[0088]

Step 2:

(3R,4S)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]methanol (2.33 g), sodium azide (1.81 g),
triphenylphosphine (2.67 g) and N,N-dimethylformamide (46 mL)
were mixed together. While the mixture was chilled in an ice
water bath, carbon tetrabromide (3.38 g) in dichloromethane
(10 mL) was added dropwise. The reaction mixture was stirred
at room temperature for 13 hours and then at 60°C for 3 hours.

Subsequently, methanol (3 mL) was added and the mixture was

concentrated under reduced pressure. The resulting residue was

dissolved in ethyl acetate (200 mL) and the solution was
washed with saturated brine (2 x 50 mL), dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column

chromatography (eluant: ethyl acetate : hexane = 2:1) to give
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15 benzyloxycarbony1-4-fluoropyrrolidine (160 mg) was dissolved in
ethanol (3 mL). To this solution, 10% palladium carbon (20.0 mg) was
added and the mixture was stirred at room temperature under a stream of
hydrogen gas (blown by a balloon) for 5 hours. The catalyst in the reaction
mixture was 20 filtered through a Celite pad and the catalyst and the L
S pac e B R B T A 0 T SAERINGE v dine
combirf%d anlq .cgncentrated (Lg‘l er reduced pressure. The resulting
° r8sidte aswpﬁrlﬁeedsgflﬂslmca gée Solamin chromatography (eluant: ethyl
a - methanal = 20;1 -> 25 dichloromethane: methanol = 10:1) to give
MS (@%&-ﬁ}gyblgp%p Iglr%iAémethy1-4-fluoropyrrolidine as a colorless oil
0 0(%957 mg). MS (FAB+) m/z: 159 (M512). HAMS (FAB+) 5 Calcd for
0 131EFN2: 159.1298 Found: 159.1286. [0094] <Reference Example 11>
te?/’ r;esis of (3R,45)-3-[(N-tert-butoxycarbonyl-N10
clopropyl)aminolmethyl-4-fluoromethylpyrrolidine Step 1.:
(15.5R)7JARNL-Bhenvatyll3ofa T azgbioydol3 3 Glotane 2-one
3 issolv tha f 2 mL)

(7.73 g, 33.4'mmol) was dissolved in ethano .To¥hlssolution,

a

hydroxypyrrolidine (300 mg) was dissolved in dichloromethane
(6 mL). While this solution was chilled in a salt/ice bath,
diethylaminosulfur trifluoride (0.43 mL) was added dropwise
and the mixture was stirred at room temperature for 4 hours.
The reaction vessel was chilled in an ice water bath and a
saturated aqueous solution of sodium bicarbonate (6 mL) was
added. The dichloromethane layer was then separated, washed
with saturated brine (2 x 2 mL), dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (eluant: hexane: ethyl acetate = 2:1) to give a
mixture of (3R, 4R)-3-azidomethyl-1l-benzyloxycarbonyl-4-
fluoropyrrolidine and 3-azidomethyl-1l-benzyloxycarbonyl-3-
pyrroline (211 mg).
[0090]
Step 4:

Platinum (IV) oxide (50.0 mg) was suspended in ethanol (7
mL) and the suspension was stirred at room temperature under a

stream of hydrogen gas (blown by a balloon) for 30 min.
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15 cyclopropylamine (46.3 ml) was added and the mixture was stirred at
80C for 44 hours and was concentrated under reduced pressure. The
residue was dissolved in ethyl acetate (300 mL), washed with water (2 x
50 mL), dried over anhydrous sodium sulfate, and concentrated under

reduced pressure. 20 Diisopr ther (300 m%_z w dded to.the residu
S NE oloHor wAS NEATEt b fomm BstAt. FRE SbRhOM WAS Come i1

e so toform crystals. ion was
concentrated to approximately half the original volume, and the crystal
A o AL e SR SN e T O AR
ether and were dried under reduced 25 pressure to gjve
be%éﬁﬁ,%yﬁ%%%%¥§py%-R%]iljanlXJy?neetﬁﬁ-le-tEaDOt? (I\é mL) was added and

(1S)-1-phenylethyl]pyrrolidine-3-carboxamide as white crystals (4.41 g).
Bt e ebins iere i CoHEr i Shc ot ieod bdar of

educed pressure. The resulting residue w urified by silica.gel colum .
h & ngIes R Y-8!! an‘ n
Y chrom Saral(pl){ﬂyo(‘é]ﬁjaﬁﬁf/: hexane: gt?@/l) aceotateé:%:(iuosethy acetate ?oySt H

' iti | (3R,4S)-N-cyclap. 1-4- .
tﬂm%%%§9998ﬁaﬂégﬁf§é #%g‘%??@ ﬁggmma% was W?Shed g%fgoiﬁbanol.

ydroxymethy1-1 )-1-phenylethy e-3-carboxamid

Théw§£§D£Q@é2§§4“@%g¥%§§%§%§@'%Q@¥$§é%ﬁf%@8@§ﬂa concentrated
0175124N202.0.2H20:C; 69.93, H; 8.42, N; 9.59 Found: C; 70.16, H; 8.32,

undg;g§8d6%@§]§¥g%%ﬁre. The resulting residue was purified by
15(3R,4S)-N-chlopropy1-4-hydroxymethyl-l-?(lS)-l-

s1 Rhenyiethylinyriolidi ”&%‘8@@9&?2\"% §7 24 Q) Was,dissalyed Norare >

N,N-dimethylformamide (180 m e this solution was chilled in an ice

et HVAter path, imidazole, (2,67 gl and then tegt-gutylchlorpdimethyisifanes gy o
4.72 g) were added. The

(3S,4R) -3-aminomethyl-1-benzyloxycarbonyl-4-fluoropyrrolidine
and 3—-aminomethyl-1l-benzyloxycarbonyl-3-pyrroline.
[0091]
Step 5:
The mixture (310 mg) of (3S,4R)-3—-aminomethyl-1-

benzyloxycarbonyl-4-fluoropyrrolidine and 3-aminomethyl-1-

benzyloxycarbonyl-3-pyrroline was dissolved in methanol (4 mL).

To this solution, molecular sieves 4A (130 mg) and then
benzaldehyde (0.13 mL) were added and the mixture was stirred
at room temperature for 1 hour. Subsequently, a
borane/pyridine complex (0.19 mL) was added and the reaction
mixture was further stirred at room temperature for 4 hours.
6mol/L hydrochloric acid (2 mL) was then added and the mixture
was stirred at room temperature for 1 hour, followed by

addition of a 30% aqueous solution of sodium hydroxide to make
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20 mixture was stirred at room temperature for 90 min and was
subsequently concentrated under reduced pressure. The residue was
dissolved in ethyl acetate (300 mL), washed with water (2 x 100 mL), dried
over anhydrous sodium sulfate, and concentrated under reduced

ressure. The resulting rgsidu%\{/\éas 25 \ngﬂ%%g% silic

el column, ,
R SR atSgraphy (Siuant: Sthjt acetdts) t5give SHErScted With diethyl

(3R,4S)-N-cyclopropyl-4-(tertbutyldimethylsilyl)oxymethyl-1-[(1S)-1- .
e O Bt A el e s Beiarbined and
(EI) m/z: 402 (M2). [0096] Step.3: | |
conl SRR i PR e eanre  The keswltina residue uas
henylethyl]pyrrolidine-3-carboxamide (7.00 g) was dissolved in toluene
Shistigt dlsc ke i baa i T o riCan el
. mixture was refluxed for. 5 hours while being stirred. Subsequently, the
A o T e e i o
be 0% a0usouS 15 sqution o sadym.cabanate (42mL) apd siTha sty o, .
T00C for 1 hour. The foluene layerwas separated, washed with water (2 x

pa l%o gpé_i %rd'qedog\ier @hnpydﬁl s sodium sulfate, and concentrated under

reduced pressure. The resulting residue was purified by silica gel column

MS cggg@qtoglr/apbg 4§Iumﬁ4"e.xane: 20 ethyl acetate = 4:1) to give
(35,45)-4-(tertbutyldimethylsilyl)oxymethy1-3-cyclopropylaminomethyl-1-[(

HRMISS)IElﬂwgnylethyl]pyrrolidine as a colorless oil (4.78 g). [0097] Step 4:

Calcd for CooH24FN,0O5 ¢ 343.1822

Found: 343.1815.

[0092]
Step 6:

(3S, 4R) -3-Benzylaminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine (170 mg) was dissolved in methanol (5 mL). To

this solution, molecular sieves 3A (160 mg), acetic acid (0.29
mL), [(l-ethoxycyclopropyl)oxy]trimethylsilane (0.40 mL) and
sodium cyanoborohydride (93.5 mg) were added and the mixture
was refluxed for 3 hours while being stirred. The insoluble
material in the reaction mixture was filtered through a Celite
pad. The collected insoluble material and the Celite pad were
washed with methanol. The filtrate and the washings were
combined and a 2mol/L aqueous solution of sodium hydroxide was
added to make the solution basic (pH > 12). Methanol was then

evaporated under reduced pressure and the residue was
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25(3S,4S)-4-(tert-Butyldimethylsilyl)oxymethy1-3-
cyclopropylaminomethy1-1-[(1S)-1-phenylethyl]pyrrolidine(4.70 g) was
dissolved in dichloromethane (70 mL). To this solution,
di-tert-butyldicarbonate (2.77 g) was added and the mixture was stirred at

o SO temperalrg for 2 hours, Subsequently, the & reagiion Tuure was. ..,
concentrated under re afceaepressur and the resulting residue wa

oo By siea g colum SLomatorap (R MRS W1 cave, and
(3R4S é -tert-butoxycarbonyl-N-cyclopropyaminolmethyl-4-(tert-buty!l

cona:l fé%hr) %y und%ﬁ'y{g%i_ﬁaﬁl:le_g Lp ?xe Ehé/ n r'%ﬁl ue was

m yﬁ13| oxym pﬁgnﬁéthy pyrr%ﬁgi%e ds & coloness

0il (5.28 g). [0Q98] Step 5; Process A: . .
puﬁé iﬁﬁ-- iﬁ%ﬁ%Sygﬁﬁhﬁﬁé%ﬁ%eéﬁfiﬁﬁ. graphy (eluant: hexane:
1-phenylethyl]pyrralidine-3-carboxami 9 g) was.dissolved 15 in
ethy ue%gséég%r/r%L). 1%'?%?5 s%?ut?oln\,f% gggh%m%thﬁsaﬁaé %loegq;lex (0.65

rTfLr)pwg afi 9\ an(gi thghmi ture,was re{llgxed forb6 h0li§4vyhile being
“YStirfed. BAﬁétefI %elpea%%on %ﬁxture was allowed o cool to room

fl&Sd[&“&gﬁ%%f’]iad%%"éﬁ aqueous splytion of sodjum cagbopate (12.4 mL) was
added and t

e 20 mixture was stirred at 100C for 1 hout. The toluene

MS Iqﬁngsﬁlngrajtgg, V}lgﬁh?d with water (10 mL), and dried over
I

anhydrous sodium sulfate, followed by addition of di-tertbutyldicarbonate
HRﬁé-l?F%aS‘d stirring at room temperature for 30 min. The mixture was then
allowed to stand overnight. 25 Subsequently, the reaction mixture was

ca1conceptrated windey Jeduged pressure and the resulting residue was

purified by silica gef column chromatography (eluant: hexane: ethyl

rofglaggs 1) fo give
(3R,4S)-3-[(N-tert-butoxycarbonyl-Ncyclopropyl)aminolmethyl-4-hydroxym

[0 hyl-1-[(10)-1-

Step 7:

(3S, 4R) -3—- (N-Benzyl-N-cyclopropyl)aminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine (160 mg) was dissolved
in ethanol (3 mL). To this solution, 10% palladium carbon
(20.0 mg) was added and the mixture was stirred at room
temperature under a stream of hydrogen gas (blown by a
balloon) for 5 hours. The catalyst in the reaction mixture was
filtered through a Celite pad and the catalyst and the Celite
pad were washed with ethanol. The filtrate and the washings
were combined and concentrated under reduced pressure. The
resulting residue was purified by silica gel column

chromatography (eluant: ethyl acetate: methanol = 20:1 —>

dichloromethane: methanol = 10:1) to give (3R,4R)-3-
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5 phenylethyl]pyrrolidine as pale brown crystals (1.50 g). [0099]
Process B:
(3R,4S)-3-[(N-tert-Butoxycarbonyl-N-cyclopropyl)amino]methyl-4-(tert-buty
Idimethylsilyl)oxymethyl- 1 -[(2S)-1- phenylethyl]pyrrolidine (3.02 g) was
dlssolved 10 tetrah%/ 4an (45 m . Whil solution was IeP 1
Y ﬁr%é’teragatrﬁo?le ra ylammonlu fuoride’ e moﬁL fétrahydrofaran 58
so%uu n, 7.42 ml) was added dropwise and the mixture was stirred at
room te iperature for 2 hours, followed by addition of saturated brine (60
nd extracti it thyl acetate (2 x 150 mL). The ethyl acetate
MS éé’r% ere} com%%wgevd hDv/\J’]/Pai ed with saturated brine (2 x 100 mL), dried
Hm%/erg;\:ghg;/ rous sodium sulfate, and concentrated under reduced
pressure he residue was dissolved in ethyl acetate (10 mL) and the

Cca 188”'%'”9 c&yﬁtalfgv (:}félge gg \gashed with small 20 amounts of ethyl
acetate, and dfie er reduced pressure to give

Fo u('1,135,4 )5§ [(\i‘\% tert- butoxycarbonyl-N-cyclopropyl)amino]methyl-4-hydroxy
1 [(IS)-1-phenylethyl]pyrrolidine as white crystals (781 mg). The

Jgt(?te and the washings were then combined and were 25 concentrated

under reduced pressure. The resulting residue was purified by silica gel

<Recpéq_rggchr%lyghgfgfgphﬁgeluant hexane: ethyl acetate = 1:1) to give

additional

sydEReARe S0 eribulapcaron/-heydopopyhamisalmeiny: 43*;¥1d(rﬂxzy)m

cycﬁ'swﬁmﬁ%%é?ﬂ?ﬁ for 9%8%%%%%%1%&%@%’&%&5 N; 7.48
Found: L7 70.00, H; 9.29, N /.52 [ULUU]
Step 1:

(1S,5R)-7-[(1R)-1-Phenylethyl]-3-oxa-"7-
azabicyclo[3.3.0]octane-2-one (7.73 g, 33.4 mmol) was
dissolved in ethanol (92 mL). To this solution,
cyclopropylamine (46.3 ml) was added and the mixture was

stirred at 80°C for 44 hours and was concentrated under
reduced pressure. The residue was dissolved in ethyl acetate
(300 mL), washed with water (2 x 50 mL), dried over anhydrous
sodium sulfate, and concentrated under reduced pressure.
Diisopropylether (300 mL) was added to the residue and the
solution was heated to form crystals. The solution was
concentrated to approximately half the original volume and the
crystals formed were filtered. The collected crystals were
washed with diisopropyl ether and were dried under reduced

pressure to give (3R,4S)-N-cyclopropyl-4-hydroxymethyl-1-

64



10

15

20

25

10 Step 6:
(3R,4S)-3-[(N-tert-Butoxycarbonyl-N-cyclopropyl)amino]methyl-4-hydroxy
methyl-1-[(1S)-1-phenylethyl]pyrrolidine (2.66 g) was dissolved in
dichloromethane (40 mL). While this solution was chilled in a 15 salt/ice

bath, triethylamine (1.05 mL) was added, followed by dropwise addition of
L FAnGEETOPyT CHIOHOE (o 561 T reablon FRIALAS v e

R —Carl :
than%su e reacﬁon mixture was slirre

cryas steé%wzf?r 3% m‘”r%l%e”fw?(]%?% with water, dried over aphydrous, ,
YSodium sulffate, antl concentrated tnder rédticed pressure.nl%e resuﬁing

corfS3ue was,20 dissolied o letrafydofuran L and., o oy
"tetrabu yFammomum fluor e%mol etetraﬁy rofuran solttion, 21.§rm?_)

re i3 added.Lhe mixture was fen refluxed fon2 fours yhie beipg stimed.
Su seq%enﬁy, tﬁe reaction mixture was toncentrated under reduced

ressure and the residue was dissolved in gthyl 25 acetate (20 m_L).Th
e e s e T S s SUfv

acSEHu sulfaes and sonsenuated under fedused pessu, The rgsultng

residue was purified by silica gel column chromat grapﬁy &ibant: hexane:

hy g%i%é%ﬁ?fiﬂgf%#g}l¥l%wgé§ReE%%;E%#?¥%f&di e-3-carboxamide

utoxycarbonyl-N-cyclopropyl)aminolme uoromethyl-1-
(1 [Ek5):1-phenylethyl]pyrrolidine as a pale brown tar (1.13 g). MS (El) m/z:
376 (M2). [0101] Step 7: 10(3R,4S)-3-[(N-tert-Butoxycarbonyl-N-

MS cillgpprggg):a@igg]nzglthy.l-4-fluoromethyl-l-[(lS)-l-phenylethyl]pyrrolidine
(1.10 g) was dissolved in methanol (20 mL). To this solution, 10%

Eleq@élggg.qn gﬁws(gg,o (rgoug) suspended in water (4 mL) and then

ammonium formate (921 mg) were added 15 and the mixture was refluxed

calf@R9Q minwhile heing stiied, The cagalyst ingthe geactionmixiuregvas
filtered through a Celite pad2 and the catalyst and the Celite pad were

Fod@q@s_he@;wi’ﬁi@ 29%’9 aggecgu.%@'n’etmﬁ;noé. “Hhe filtrate and the washings were

[0095]

Step 2:

(3R,4S) -N-Cyclopropyl-4-hydroxymethyl-1-[(1S)-1-
phenylethyl]pyrrolidine-3-carboxamide (7.54 g) was dissolved
in N,N-dimethylformamide (180 mL). While this solution was
chilled in an ice water bath, imidazole (2.67 g) and then
tert-butylchlorodimethylsilane (4.72 g) were added. The
mixture was stirred at room temperature for 90 min and was
subsequently concentrated under reduced pressure. The residue
was dissolved in ethyl acetate (300 mL), washed with water (2
x 100 mL), dried over anhydrous sodium sulfate, and

concentrated under reduced pressure. The resulting residue was

purified by silica gel column chromatography (eluant: ethyl
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combined and concentrated under reduced pressure. Water (20 20 mL)
was then added to the residue and while the solution was chilled in an ice
water bath, a 30% aqueous solution of sodium hydroxide was added to
make the solution basic (pH 14) and the basic solution was extracted with

dichloromethane (50 mL . The dichloromethane layers were
2 Cshitihed wdsned \A/Tl;tnﬁ ’V\)/ia%g\r_ (258 %g%or?\?_ﬁy ri_e4§_o?}¥eerratnﬁydrous
sodium sulfate, and concentrated unde ced pressure. The resulting
butrégl hgeﬁugl %&r}ﬂ?ﬁ 63(/3 éﬁ?@&%ﬁéi\/%o?hm {(e:l‘f%r mlatography (eluant:
dichlorgm t%@ne: methanol = _0:%0 ive |
Ph S SOty Syae g B iRt e oY Bar
(7 fluoromethylpyrrolidine as a pale brown tar (684 mg). MS (El) m/z: 272
( 2)fJ 0102] <Reference Example 14> Synthesis of

us (RAR)3-cyclppropylaminomethyl-4- 10

methylpyrrolidine.trifluoroacetate Step 1:

[0 ojg'g?nZy1-4-(R)-methyl-3-(R)-[(4-(5)-pheny|_2_
oxazolidinon-3-yl)carbonyl]pyrrolidine (150 g) was dissolved in

st e(.:é(cljo.propylamine (650 mL). The mixture was stirred at room 15
temperature for 23 hours and was concentrated under reduced pressure.

Diiso%%ﬂ §}h§\{_(§99 mlp)rv(\@?/ ggge_;q {%yjce_residue and the solution was

stirred at room temperature for 70 min. The resulting crystals were filtered.

puttessallected crysials were then dissolyed in dichloromethane (800 mL)

and the 20 Solution was extracted with Imol/L hydrochloric acid (2 x 400

phdRb) dheJayers,of imol(l. hydrochlorc acid were compined. While they s o1 veq

combined layer was chilled in an ice water bath, a 30% agueous NaOH

in Soltjn,was agddgd o make, the selutian, basic (PH 134 hbe resyiting: (2. 20
crystals were filtered, washed
mL) was added and the mixture was refluxed for 5 hours while
being stirred. Subsequently, the reaction was allowed to cool
to room temperature, followed by addition of a 10% aqgqueous
solution of sodium carbonate (42 mL) and stirring at 100°C for
1 hour. The toluene layer was separated, washed with water (2
x 30 mL), dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluant: hexane:
ethyl acetate = 4:1) to give (3S5,4S)-4-(tert-
butyldimethylsilyl)oxymethyl-3-cyclopropylaminomethyl-1-[(1S) -
l-phenylethyl]pyrrolidine as a colorless oil (4.78 g).
[0097]
Step 4:

(3S,4S)-4—(tert-Butyldimethylsilyl)oxymethyl-3—
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25 sequentially with water and diisopropyl ether, and dried under reduced
pressure to give (3R,4R)-1-benzyl-N-cyclopropyl-4-
methy1-3-pyrrolidinecarboxamide as white crystals (52.2 g). [0103] Step
2: 5(3R,4R)-1-Benzyl-N-cyclopropyl-4-methy1-3- pyrrolidinecarboxamide

(70.0 g) was dissolved in tol 700 mL), While thi { hill
oy A YAEr DR b bblarrdethyt SO SO blek (b0 g Y 14 - 70

was added dropwijse. Th ixture was then stjrred for. 15 min, was 10 .
9 R A v e 0 105, SRS oL uc on,
. Na2Q03 solution (40Q mL) was ad , and the mixture, was stirred at.
O T e A e TR ST ol e BB TIE Siprure
toluene layer was separated, washed with water (2 x 250 mL), dried ov
NG thods bl il i it G S RS
reqie Tesyling residug was pyriied by distilation inder feduced pressure
to give (Sr%l, sl-]i-benzyl-B-cyaopropy?aminomethyl- -met yﬁ)yrroﬁglne
as a colorless ojl (62. .[0104] 2 ep 3: o
£n2S.a colprless ojl (62,1, 9). ¢ 0Step 3y, 1 1
e(3§,4R -1-]Be§TT12§/1-31-cyc opr%%y alﬁniﬁor%et y1¥4-sr%1et Cyz’ilpﬁ(reojlidfnoe &n%no
chz@%%so%lég%%?d y?ef 1 (300, ml). . Tathis, %0'5188@51‘{'3“@0@??“9 acid. 1y o

(15.7m 10% palladium carbon (12.5 g) were added and the mixture

5104as; 38 stigred at rqgmitemperature under ydroggn pressure of 3.9 x 10

Pafor 9 hours. The catalyst in the reaction mixture was filtered and the

cy Folseied catalystwas washed with - £5% aqueous-ethanel BP0 ML) Jhe ny1 -

filtrate and the washings were combined and Concentratéd undér reduced

1- [p@g%w@-_%h@éyrfg@ig}ip%%%Bﬁ%& grystals were syspended,iny (5 25 o) .

tetrahydrofuran (100 mL) and were filtered. The collected crystals were
r o d¥ashed with tetrahydrofuran and dried under reduced pressure to give
(3R,4R)-3-cyclopropylaminomethy1-4- methylpyrrolidine.trifluoroacetate

st &S White crystals (34.1 g).

Process A: (3R,4S)-N-Cyclopropyl-4-hydroxymethyl-1-[(1S) -
l-phenylethyl]pyrrolidine-3-carboxamide (1.49 g) was dissolved
in toluene (15 mL). To this solution, a borane/dimethyl
sulfide complex (0.65 mL) was added and the mixture was
refluxed for 6 hours while being stirred. After the reaction
mixture was allowed to cool to room temperature, a 10% agueous
solution of sodium carbonate (12.4 mL) was added and the
mixture was stirred at 100°C for 1 hour. The toluene layer was
separated, washed with water (10 mL), and dried over anhydrous
sodium sulfate, followed by addition of di-tert-
butyldicarbonate (1.13 g) and stirring at room temperature for
30 min. The mixture was then allowed to stand overnight.

Subsequently, the reaction mixture was concentrated under
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10[0105] <Reference Example 15> Synthesis of
(3R,4S)-3-cyclopropylaminomethy1-4- fluoropyrrolidine (Process Ill) Step
1: 15Process A: (3R,45)-Deoxy-3-C-(N-
benzyloxycarbonyl)aminomethyl-1,2:5,6-di-O-isopropylidene-U-D-

e Oﬁqlofu anose I§14.1 gg was issolved in tetrah¥dro,f§iran 150 mL). TJ,iO.th(lf by

sofitiont; Imsi hydrochloric acid {150 mty was added and the mixtdre

was stirreid at 60C for L5 houcrs. 20 Subs%(%ti%ntll){t th%geggtion mix ure
0

Sllvi?acs‘.51 concentrated under reduced ]f)?ggl re gﬁ/e a brown Po%frnf/e E1a¥erial

a cegﬁ(gﬁllg?)g [‘11016% J{?Jé{%‘g{{ fg amy, EE%@LQ%@% t\fm\/_ ?Ur{l%xeé(/jivéi}%o nyl-N-

ometha nd triethylSilane (9. an

trifluoroboron/diethy] ether ¢ lex (3.80 mL) were add e reaction
Y G Shhien KO At TS Ftts e for 5 hour,
an thgg&]%pcentratleg C{Jnder reduc | pressure. The r(gisi ue was,
in

phed}gsoﬁve & fixture of ethanol &% mffgr‘ﬁ watér (10 SmL), folPovye)d'

[00@’9 ddition of sodium 5 periodate (13.9 g) and stirring at room
temperature for 1 hour. The insoluble material in the reaction mixture was

then fitgraand wasagd x@tb—%tbgreﬁ'_§83gunggg' fateand they

washings were combined and sodium borohydride (1.33 glg was added to
cyém8§P85§qg%ﬁqwg?%égﬁingg%%g@Qéﬁgggfﬂimethylsilyl)oxymethyl—
1-[(1S)-1-phenylethyl]pyrrolidine (3.02 g) was dissolved in
tetrahydrofuran (45 mL). While the solution was chilled in an
ice water bath, tetrabutylammonium fluoride (1mol/L
tetrahydrofuran solution, 7.42 ml) was added dropwise and the
mixture was stirred at room temperature for 2 hours, followed
by addition of saturated brine (60 mL) and extraction with
ethyl acetate (2 x 150 mL). The ethyl acetate layers were
combined, washed with saturated brine (2 x 100 mL), dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was dissolved in ethyl acetate (10 mL)
and the resulting crystals were filtered, washed with small
amounts of ethyl acetate, and dried under reduced pressure to
give (3R,4S)-3-[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl-4-hydroxymethyl-1-[(1S)-1-
phenylethyl]pyrrolidine as white crystals (781 mg). The
filtrate and the washings were then combined and were

concentrated under reduced pressure. The resulting residue was
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10 room temperature for 1 hour, followed by additional sodium

borohydride (0.61 g) and further stirring at room temperature for 1.5 hours.

The insoluble material in the reaction mixture was filtered and washed

with ethanol (30 mL). The filtrate and the washings were combined and

copcentrated under reduced 15 pressure. The resulting residue was .
Tty ShyT At (S0 L, ek Qe St ed BHRETS x T66°ane*

mL), dried vergnhjlyh rous sodium sulfate, and concentrgted upder ~
ethrégug&? E)ragcsesufe. qe) retsaItf?]bvr%s%%%lv}/ﬁalsoﬁﬁr%e?%y%l‘% alggelﬁéo urtn@hrt

chromatography (eluant: ethyl acetate: methanpl = 20;1).20 to give
o R AR - Bt eylorsLahobty L GO YOI 5 I ethara Bd 1

le yellow tar (5.07 g). [0107], . .. Process B: (3R,40)-4-[(10,2R)-1,2,3-
[ (]%hy%lrg%yep%p}y%]%ﬂr%ﬁié%%-éé](S%GQ)?a?n'd% t%ie ay]amine 25 (0.60 mL)
dissolved, in,N,N-dimethylacetamide (12 mL). While this solution
M3 xgsf():hﬁ?e% in %r? ?ce%atér bath, benzyl chloroformate (0.58 mL) was

ded dropwise and the, mixture was stirred for 1 hour, followed by
El %
eadeci}?t?oan ofgtré"?raf%yéi’rséfu&a?;1 (12 mL) and further stirring for 30 min. The

Calig. IE;QI]? %gggg%ﬂza(gin tigfe; re%:t.i@? miét;urg was thﬁn fil;er;éeéj and washed

with a 1:1 mixture of N,N-dimethyldcetamide and tetrahydrofuran. The

roJitrate and thedyashings, wege cgmbinegand concentrated under reduced
pressure. The resulting residue was dissolved in a mixture of ethanol (32

[Olrgl@)] and water (7 mL), 10 followed by addition of sodium periodate (1.85
g) and stirring at room temperature for 1 hour. The insoluble material in
StetEe geaction mixture was filtered and washed with ethanol. The filtrate and

the washings were combined and sodium borohydride (242 mg) was

addegs T hisswas followed.by stirring,at taem Ly, tergperature for 1 hour,

addition of acetone (2 mL) and concentration under reduced pressure.

cy cﬁ'}ﬁp%&{}ﬁ‘ﬁaﬁﬁ%%%ﬁ’&%g issalveddn syl acetpte (100 md), washed

with saturated brine (2 x 20 mL), dried over anhydrous sodium sulfate,

phad eancenirated underireduged pressire, JkheyresylfingJgsidye was 20
purified by silica gel column chromatography (eluant: ethyl acetate:

didnethapabT RN 1o given(3R.4RInl1e this solution was chilled in a
benzyloxycarbony1-4-hydroxypyrrolidin-3-yl)methanol as a milky white
sa 1Y UR E83%mg). [0108125 Bt e (1.05 mL) was added, followed by
dropwise addition of methanesulfonyl chloride (0.58 mL). The
reaction mixture was stirred at -5°C or below for 30 min, then
washed with water, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
dissolved in tetrahydrofuran (21 mL) and tetrabutylammonium
fluoride (Imol/L tetrahydrofuran solution, 21.3 mL) was added.
The mixture was then refluxed for 2 hours while being stirred.
Subsequently, the reaction mixture was concentrated under

reduced pressure and the residue was dissolved in ethyl

acetate (200 mL). The solution was washed with water (2 x 50
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(3R,4R)-(1-Benzyloxycarbony1-4-hydroxypyrrolidin-3- yl)methanol (503
mgq) and triphenylphosphine (577 mg) were dissolved in
N,N-dimethylacetamide (10 mL). While this solution was chilled in an ice
water bath, carbon tetrabromide 5 (730 mg) in dichloromethane (2 mL)
. wa%add%d droépwisehA er the reaction mixtyre was stirred at room. _..q
ML e miperaure Tors ROUHECRRtianst (1 1) Was added aRd tie istire fas
oncentoiated under reduced pressure. Tiletr.esidue Wa%dissolved in et

yl
N etate (50 L), Washed with é%t@urgt%ﬁ%nnlen X 1671 un‘%L)“f%F’rie%uorvle?rled by

anhydrous so e, and conce}r;trat(ee u%%%r.reguce% gr.ess%ey.l'l' he

SillC! aﬁ“ﬁ cadf%rﬁnsucltg%c%ma 0 r.(la u eX
resultant residue was puritied )95| iEa 6el column chroma?ograp y

(eluant: ethyl acetate: hexane = 2:1) to. give, (35,5 B
aceﬁ%)%f-bengyl%xygargégsl- Ejblgolrﬁg)m )/14-l - yaro&%yﬁgﬁ&ne asa

ilk hit 503 1 .MS.(FAB2): m/z = 314 +H). HA
o S D G P B s SRy 1 -
0109]. St P A: .
L P PR o Lidine as o pple prown ton (1,13 9) -

MS g?1 s di §q!v§q An d Iqrometh_ane (_60 mL). W.hile the solution was
c %@d %Zn ice Watg#?k?ath, 25 diethylaminosulfur trifluoride (2.30 mL) was

d dropwise and the mixture was stirred at room temperature for 20
hours. Following addition of a saturated aqueous solution of sodium
st Hicarbonate (30 mL) in an ice water bath, the dichloromethane layer was
separated. The dichloromethane layer was washed

(3R,4S)-3-[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl-4-fluoromethyl-1-[(1S)-1-
phenylethyl]lpyrrolidine (1.10 g) was dissolved in methanol (20
mL). To this solution, 10% palladium carbon (230 mg) suspended
in water (4 mL) and then ammonium formate (921 mg) were added
and the mixture was refluxed for 90 min while being stirred.
The catalyst in the reaction mixture was filtered through a
Celite pad and the catalyst and the Celite pad were washed
with 20% aqueous methanol. The filtrate and the washings were
combined and concentrated under reduced pressure. Water (20
mL) was then added to the residue and while the solution was
chilled in an ice water bath, a 30% agueous solution of sodium
hydroxide was added to make the solution basic (pH 14) and the
basic solution was extracted with dichloromethane (50 mL x 2).
The dichloromethane layers were combined, washed with water (2

x 20 mL), dried over anhydrous sodium sulfate, and
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5 sequentially with a saturated aqueous solution of sodium bicarbonate

(30 mL) and saturated brine (30 mL), dried over anhydrous sodium

sulfate, and concentrated under reduced pressure. The resulting residue

was purified by silica gel column chromatography (eluant: hexane: ethyl
cor?'ﬁieertl%t%a:tzg.) 1010 give (35 "e‘r oﬁi%es”é{_"ﬁogé‘;_ ; %‘g%%?égggé?%%lféhe was

oropytroiiding'as a yefiow tar
4R)-1-Benzyloxycarbonyl-3-bromomethy1-4- hydroxypyrrolidine (492 mg)
L Gt T Gone (. POV LS To th BBy (e Luare:
. 1,8-diazabicyclo[5.4.0]undec-7-ene (0.35 mL) was added and, ., .. B
e S idne ORI Brde (043 ML) Had Svpsgbily cieh -t
dri)gvcvgsrebvghllelt mixtyre was chllled in ai nI%ceEwaEe_r path. The reaction

DU ST Was dilrred at 2C 161 36 Min And theh at rgom temperature for 5

hours. Subsequently,.20 the mixture was poured on a sili | pad and

£1 Y ’ R

T s R B e e e R e
r ed pressyre,and the resulting residue was purified by silica gel

Ms Y SSUE : 9 P y 9
c?)gfiur?lnnéph%omatogrgp 5 (eluant: hexane: ethyl acetate = 2:1) to give (3S,

(01 );:1-benzyloxycarbonyl1-3- 25 bromomethy1-4-fluoropyrrolidine as a
milky white syrup (421 mg) . MS (FAB2): m/z=316 (M2+H). HRMS

<Régéﬁggce Example 14>

Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4-

methylpyrrolidine-trifluoroacetate

Step 1:

1-Benzyl-4-(R)-methyl-3-(R)-[(4-(S)-phenyl-2-
oxazolidinon-3-yl)carbonyl]pyrrolidine (150 g) was dissolved
in cyclopropylamine (650 mL). The mixture was stirred at room
temperature for 23 hours and was concentrated under reduced
pressure. Diisopropyl ether (800 mL) was added to the residue
and the solution was stirred at room temperature for 70 min.
The resulting crystals were filtered. The collected crystals
were then dissolved in dichloromethane (800 mL) and the
solution was extracted with 1mol/L hydrochloric acid (2 x 400
mL) . The layers of 1mol/L hydrochloric acid were combined.
While the combined layer was chilled in an ice water bath, a
30% agueous NaOH solution was added to make the solution basic
(pH 13). The resulting crystals were filtered, washed

sequentially with water and diisopropyl ether, and dried under
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Calcd for C135316BrFNO2(M2+H): 316.0348 5 Found: 316.0362. [0111]
Step 4: (3S,4S)-1-Benzyloxycarbonyl1-3-bromomethy1-4- fluoropyrrolidine
(415 mgq), cyclopropylamine (0.91 mL) and 10 acetonitrile (3 mL) were
mixed together. The mixture was stirred at 80C for 6 hours and was
ubsequently concentrated unqg r reduced pressure. To the resultin
e SR e B SRy B (5 5b Rt Pitis LR o e TR R L4~
ai'rl §t_irred ;_g(t) 0 .fg[e gat]]%?(r)s alrgld /as con enggtegl urédaer rgdi %d %5 )
ssure” ¥he Tesidue Was disssived in eﬂsqyr’acle ate (11% mﬁ)l, washed” 9’ -
iglsaturated brine (2 x 5 mL), dried over anhydrous sodium sulfate, and

met
pr

1 . : i
L0 V&on entrated under reduced pressure. The resulting residue was purified

o
Steb §cha gel column chromatography (eluant: hexane: ethyl acetate = 2:1)
give 20 (3S, 4S)-1-benzyloxycarbonyl-3-cyclopropylaminomethy1-4-

fluor Hrq&%lrlelg a pale brown oil (239 m ._l%_s (FAB2): 31/z=293

(M2J3§).H S (FAB+ yce,ialcd for C165122FN2 2‘?[\45#%5: 93.1665 25
pygﬁ%ﬂ¥5§§§§£§§049%%%g (70.0 g) was dissolved in toluene (700
mL). While this solution was chilled in an ice water bath, a
borane/dimethyl sulfate complex (90%, 34.3 mL) was added
dropwise. The mixture was then stirred for 15 min, was
refluxed and was allowed to cool to room temperature. A 10%
aqueous Na,CO3 solution (400 mL) was added, and the mixture was
stirred at 100°C for 2 hours and was then allowed to cool to
room temperature. The toluene layer was separated, washed with
water (2 x 250 mL), dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
purified by distillation under reduced pressure to give
(3S5,4R) -1-benzyl-3-cyclopropylaminomethyl-4-methylpyrrolidine
as a colorless oil (62.1 g).
[0104]
Step 3:

(3S,4R) -1-Benzyl-3-cyclopropylaminomethyl-4-
methylpyrrolidine (25.0 g) was dissolved in ethanol (200 mL).
To this solution, trifluoroacetic acid (15.7 mL) and 10%
palladium carbon (12.5 g) were added and the mixture was

stirred at room temperature under hydrogen pressure of 3.9 x
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Step 5: (3S,4S)-1-Benzyloxycarbony1-3-cyclopropylaminomethy1-4-
fluoropyrrolidine (2.29 g) was dissolved in ethanol (25 mL). 5 To this
solution, 10% palladium carbon (229 mg) was added and the mixture was
stirred at room temperature for 1.5 hours under a stream of hydrogen gas.
sThe catalyst in the reaction mixture was filtered and was washed . with
10 e%r?an%ﬁnl'r?e ﬁl?r%fesand & Was ?(re\lg‘ésv%erlenc&qrﬁgin%%aa%%lgonnc%hﬁgFer wes
. .yunder reduced 10 pressure. The resulting residue was distilled under _ __
R Bt B GRS S LGOS Pamr ey L & 25%
fluoropyrrolidine as lorless oil (1.1 % This compound was identical
G BRI ohiSbet 1] RefbiEoh EoAne & (Plofbss frat ey "o
<Reference Example 16> thesis of
O ol Br R L fsiass ol (h5sss U

Step .1: 20(3R.,4R)-(1-tert-Butoxycarbony1-4-hydroxypyrrolidin-3-
remy?)lngeltﬁgn Ia(Rg.GG?é()Ogr?d frif Seﬁ%lcﬁp%oggyﬁi%es(‘i/.sfleé@v%grela]ssolved in

redyRhgiCbYRCRIAMIGE (B ) dhle0e Soltones chilleddn prdee oy
ath, car 1

wate on tetrabromide (5.57 g) in dichloromethane (16 mL) was

cryAdden dropwise, 1. Q&’Hi&%‘i@h""%%@a% %ﬁ%ﬁ%ﬁg‘% M tempergtiie;for 13,

hours, followed by addition of_ met _ _ congentratlon under
reJSggae%PéeééH% The @?9!%'”93{&?'919?%%%‘5%8;&{?@ N ethy] ACRtale 1 -4

(300 mL), we_alshed sequentially with water (100 mL) and saturated brine
meé%99£@9r95$8£¥85€P9¥Q%®§éﬁgégg§8”§§’%H?te crystals (34.1 qg).
[0105]

<Reference Example 15>

Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4-

fluoropyrrolidine (Process III)

Step 1:

Process A: (3R,4S)-Deoxy—-3-C—(N-
benzyloxycarbonyl)aminomethyl-1,2:5,6-di-O-isopropylidene—-0—-D-
allofuranose (14.1 g) was dissolved in tetrahydrofuran (150
mL). To this solution, 1mol/L hydrochloric acid (150 mL) was
added and the mixture was stirred at 60°C for 1.5 hours.
Subsequently, the reaction mixture was concentrated under
reduced pressure to give a brown foamy material (10.1 g).
[0106]

The brown foamy material (9.64 g) was mixed with
dichloromethane (100 mL), and triethylsilane (9.40 mL) and a

trifluoroboron/diethyl ether complex (3.80 mL) were added. The
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5 concentrated under reduced pressure. The resulting residue was

purified by silica gel column chromatography (eluant: ethyl acetate:

hexane = 2:1) to give

(3S,4R)-3-bromomethyl-I-tertbutoxycarbony1-4-hydroxypyrrolidine as a

milky white syrup (3.17 g). 10 MS (EI2): m/z=279 (M2). HAMS (EI2) Calcd
reaf%rtt‘iﬁsﬁé‘ér‘ﬁ%saﬁf): 2780470 rf‘otun%‘?%"?g.toezi%ﬁ? G114 95 té)p L HOUESy

rocess A: (3S,
re AE]%X -%rgr%%rﬁet]ﬁﬁlgf-terf‘-B(&to&%&b%%?ﬁ(?ﬁlfcfr%)t(%jyr}lorﬁ%len% ﬁ?g'}l ﬁfd
¢ s dissolved in dichlaromethan, (50 i) Wi this solution was chiled,
PSR AN'iCe water baﬁw, |el%ﬁylam|nosuﬁ'ﬁjr riffuoride (T.QTJ m Slwas added

opwise 20.and the mjxture was stirred at room, temperature for 19 hours.
Eli i -t L ekl eSSt bl

as tuEateq ueous solution gf. sodium bi(t‘arbonate (élo mL was added
perl%?% e . &i anﬁ STi¥ring a gQﬂ$ é'ﬁ eratyre 1ror 1 hour.
and the dichloromethane layer was separated. The dichforomethane layer

thaValenwa h%’a%ee&“eﬁiaﬁ% Vé;i%‘ea 22 §§E‘éir S‘Ee%ﬁ%%r‘%e%‘é ?‘v%’é%“gc%%fn

sodium bicarbonate mL) and saturated brine |L_J), dried over

fiﬁ@g&%%ﬁo%%@hse%f%t%de%‘%[ﬁ@?a under redﬁgd@{%%%g%eﬂ%%d the

resulting residue was purified by silica gel column'chromatograp

wadfUADL hexane giyl acetate 5 Zéj&o{?lﬂﬁv%@%ﬁ?&rﬁ%@m&?@?y%}lﬁas

tert-butoxycarbonyl-4-tfluoropyrrolidine as a yellow-brown tar (1.64 Q).

ado{gél‘%]o thgrggﬁﬁﬁﬁé@%olution. The mixture was stirred at
4R)-3-Bromomethyl-1-tert-butoxycarbonyl4-hydroxypyrrolidine (561 mg)

roa%astgﬁgghyggdl}gol@%qe iz%m!n}',1(%3-91tgix§e§ﬂ)l"}g§)nadditional sodium
1,8-diazabicyclo[5.4.0Jundec-7-ene (0.50 mL) was added and

poReerodzoctanesulionylilygride (Q-93.ml) was then %@d%gwpﬁ’gl%%erature

while the mixture was chilled in an ice water bath. After stirred at 2C for 1
forhoursthegeaction mixture was powred ona-silica ggl pad apd wasielyted: x+ ure

with
was filtered and washed with ethanol (30 mL). The filtrate and
the washings were combined and concentrated under reduced
pressure. The resulting residue was dissolved in ethyl acetate
(300 mL), washed with saturated brine (2 x 100 mL), dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (eluant: ethyl acetate: methanol = 20:1)
to give (3R,4R)-(l-benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl)methanol as a pale yellow tar (5.07 g).
[0107]

Process B: (3R,4S)-4-[(1S,2R)-1,2,3-

Trihydroxypropyllpyrrolidin-3-o0l (0.76 g) and triethylamine

(0.60 mL) were dissolved in N,N-dimethylacetamide (12 mL).
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15 ethyl acetate (100 mL). The eluate was concentrated under reduced
pressure and the resulting residue was purified by silica gel column
chromatography (eluant: hexane: ethyl acetate = 2:1) to give
(3S,4S)-3-bromomethyl-1-tert- butoxycarbonyl-4-fluoropyrrolidine as a

yellow, qil (447.mg). 20 MS (EI2); m/z=281 (M2). HAMS (EI2) Calcd fo
RIS PG4 287 047 R TB1 0o foTie] St v Penzyl
ch1251(?5%4?13535Br%@?@éet%bl'teéts:?’%%’ carhonyl-4: flugropyrrolidine (1,91 .
gci was mixed with ctyclopr py‘flamlne 16 ML), Themixtire was Stirred"at
.80Cdgprf26’3rh urﬁoal?rd was ncenotr ted unger r.educeg pressur
! )

stirre we Ttion a 'Eg%f an
residue 'was dissolved in e y? acetate (fodo mB washed with Saturated

(12108220 gl ded over anhydrays sodium sulfate, and, coneeptyated
under reducedupressure. e resulting residue was purlfleedlgy silica gel

e SEUTA STfOTAlOTTARN EaTL heXaNE: I AGEIRE PALLOONRG washed

( rt-butoxycarbony1-3-
. (Gyclopropylaminomethy1-4-fluoropyrrolidi ale brown oil 10(1.67
Wlt?{. Mg{ (I%Zﬁ mr}z: %8%!%/& ’ ﬁiﬁn@‘?é’és’%%ﬁ%@?@r §13§|‘3§FN202 (M2) :

teé%g%§é%%furan. The filtrate and the washings were combined
and concentrated under reduced pressure. The resulting residue
was dissolved in a mixture of ethanol (32 mL) and water (7 mL),
followed by addition of sodium periodate (1.85 g) and stirring
at room temperature for 1 hour. The insoluble material in the
reaction mixture was filtered and washed with ethanol. The
filtrate and the washings were combined and sodium borohydride
(242 mg) was added. This was followed by stirring at room
temperature for 1 hour, addition of acetone (2 mL) and
concentration under reduced pressure. The resulting residue
was dissolved in ethyl acetate (100 mL), washed with saturated
brine (2 x 20 mL), dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (eluant: ethyl
acetate: methanol = 20:1) to give (3R,4R)-(1-
benzyloxycarbonyl-4-hydroxypyrrolidin-3-yl)methanol as a milky
white syrup (828 mg).

[0108]

Step 2:
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Found: 258.1756. 15[0117] Step 4:
(3S,4S)-1-tert-Butoxycarbony1-3-cyclopropylaminomethy1-4-
fluoropyrrolidine (1.81 g) was dissolved in tetrahydrofuran (10 mL). To this
solution, trifluoroacetic acid (5.40 mL) was 20 added. The mixture was

then irre%tro m_temperature for 4 hours and was allowed tq stand
over Rt e lESbhUBRI e PR AT A R oRd Y atsd AaBr -
reduced pres and the resulting resid as djssolved in trifluoroacetic
BN I CLE R e e R R
. 1.5 hours and concentration under reduced pressure. To the. resultin
di Sr%g%l]\lﬁ%?z lrﬁ]ixﬁ{reﬁ 0 awgé%%%ﬁlceﬁﬁg & alr?% t&raiyﬁ%fﬂraéﬂ\}v%%ea e%sand

the resulting crystals were filtered. Washing the collected crystals with .
ST opyT Gie] Gl (OB S Gyt lopropY RO GAL L Lo Fabronide

oropyrralidine di-trifluoroacetate (2.19.9). [0118 ,
B e Gy Ry oot ie A RaBIss28 ate -

opropylaminomethy1-4-fludropyrro roacetate

end 259, 485 dppobviedn Watel (3, L and & IGAAQUERNS.SINIIND Aoy 5

sodium hydroxide was added to make the 10 solution Ic. The mixture

houg%s, then, F?&iedm%d)icmg@%%faéee%é @'—)nig{}%rre was

ichloromethane extracts were combined, dried over a ous sodium

cortlifts, andcqnesptratecyindey reduced pressure. The, %%@g‘%%i%@s solved

was distilled under reduced pressure to give (3R,4S)-3-

il o S R0
nﬂﬂgx%mﬁgéiover anhydrous sodium sulfate, and concentrated
under reduced pressure. The resultant residue was purified by
silica gel column chromatography (eluant: ethyl acetate:
hexane = 2:1) to give (3S, 4R)-1l-benzyloxycarbonyl-3-
bromomethyl-4-hydroxypyrrolidine as a milky white syrup (503
mg) .
MS (FAB"): m/z = 314 (M'+H).
HRMS (FAB")
Calcd for Ci3H;7BrNOs(M'+H): 314.0392
Found 314.0346.
[0109]
Step 3

Process A: (35,4R)-1-Benzyloxycarbonyl-3-bromomethyl-4-
hydroxypyrrolidine (2.70 g) was dissolved in dichloromethane

(60 mL). While the solution was chilled in an ice water bath,

diethylaminosulfur trifluoride (2.30 mL) was added dropwise
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[Example 1] [0119] 20 Synthesis of 1-cyclopropy1-7-[(35,45)-3-
cyclopropylaminomethyl-4-fluoro-I-pyrrolidiny1]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo-3-qunolinecarboxylic acid
Bis(acetato-0)(1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-
ethoxy-4-0x0-3-quinolinecarboxylato-03,04)boron (73.0 mg), 25

R oy S AR O ar TRy P b AUt Byr R G gt 20 hours.
triethylamine (29.0 pL) and acetonitril é mL) were mixed together. The .

o e WEE siredt i B0 S oL S e CSt et Sodum

.under reduced pressure. The resulting residue was purified by silica gel

o Ao 8 (Shyr ot T Rage B3 sttt Shoapgtnare
was dissolved in 5% aquequs agetic acid (2 mL), followed by stirring at

o T P S ey, 16 A TS s Rasfiad wih ned
eth¥ll acetate (2 mL) and was neutralized with a2 03/L agueous.

s€ %ﬁut}:olnao?L od‘?lulxr#hy%rc?xéll 8. Lﬁﬁeegry%% ized 10 (sjol}lg:] was ﬁ?teresd(,jglum

. washed_ with Il ounts of water, and dried under reduced pressure to
o1 SIS Pt Ao uts L NAET A0 AHIPEN P GopliS S IPPRH' Pex

anh%8¥%!88rogé§l§{@ﬂ?’@0lﬁﬂ%ya]f 'f'UQBQT"BgE(%"é‘?!@wE%HU%@& ‘k‘dmgﬁ%%sf“

ethoxy-4-oxo-3-quinolinecarboxylic acid as a pale brown solid (31.6 mg).

pr&sWéFA%@géﬁ%gfég) HRM3(AR2)Calcd for CHBHBEEBNS0S: e1

434.1891 Found: 434.1

column chromatography (eluant: hexane: ethyl acetate = 2:1) to
give (3S,4S)-1-benzyloxycarbonyl-3-bromomethyl-4-
fluoropyrrolidine as a yellow-brown tar (2.20 g).

[0110]

Process B: (3S, 4R)-1-Benzyloxycarbonyl-3-bromomethyl-4-
hydroxypyrrolidine (492 mg) was dissolved in toluene (1 mL).
To this solution, 1,8-diazabicyclo[5.4.0]undec-7-ene (0.35 mL)
was added and perfluoro-l-octanesulfonylfluoride (0.42 mL) was
subsequently added dropwise while the mixture was chilled in
an ice water bath. The reaction mixture was stirred at 2°C for
30 min and then at room temperature for 5 hours. Subsequently,
the mixture was poured on a silica gel pad and was eluted with
ethyl acetate (80 mL). The eluate was concentrated under
reduced pressure and the resulting residue was purified by
silica gel column chromatography (eluant: hexane: ethyl
acetate = 2:1) to give (3S, 4S)-l-benzyloxycarbonyl-3-

bromomethyl-4-fluoropyrrolidine as a milky white syrup (421
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[Example 2] 20[0120] Synthesis of 1-cyclopropy1-7-[(3S,4S)-3-
cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-1,4-dihydro-8-
methoxy-4-oxo-3-quinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-7-fluoro-1,4-dihydro25
8-methoxy-4-o0xo0-3-quinolinecarboxylato-03,04)boron (70.0 mg) and
(3R,45)-3-cyclopropylaminomethy1-4-fluoropyrrolidine (30.0 mg), the

S procedure followed as in Example 1 to give
MS 1@%0&)?06“ 1%7-%&%,4%4-%’%&6Iopropylaminomethyl-4-fluoro-1-

HRP@/rregj‘gbj:{uyl]-1,4-dihydro-8-methoxy-4-oxo-f:’»- 5 guinolinecarboxylic acid as
a pale ro{/vn solid (41.0 mg). MS(EI) m/z: 415(M2) HRMS(EI) Calcd for
088H86FN304: 07.Found: 415,1 0 [Example 3] [0121]
= hinodis of Liydomopyi T as dera 00
cyclo laminpmethy1-4-fluoro-1-pyrrolidinyl1]-6-fluoro-8-
Foud%l/éu'oFr%Cfin%g’[E{)ﬁ:(é;/]z-(;[,4-dihydro-4-oxo-3-guinoIinecarboxyIic acid 15Using
[0 1bli§(]acetato-0)(1-cyclopropy1-6,7-difluoro-8-

mg)

Step 4:

(3S,4S)-1-Benzyloxycarbonyl-3-bromomethyl-4-
fluoropyrrolidine (415 mg), cyclopropylamine (0.91 mL) and
acetonitrile (3 mL) were mixed together. The mixture was
stirred at 80°C for 6 hours and was subsequently concentrated
under reduced pressure. To the resulting residue,
cyclopropylamine (4.55 mL) was added and the mixture was again
stirred at 80°C for 6 hours and was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate (15 mL),
washed with saturated brine (2 x 5 mL), dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (eluant: hexane: ethyl acetate = 2:1) to give
(3S, 4S)-1-benzyloxycarbonyl-3-cyclopropylaminomethyl-4-
fluoropyrrolidine as a pale brown oil (239 mg).

MS (FAB"): m/z=293 (M'+H).
HRMS (FAB")
Calcd for CigHzFN,0, (M'+H) : 293.1665

Found: 293.1698.
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difluoromethoxy-1,4-dihydro-4-oxo-3-guinolinecarboxylato03,04)boron
(79.4 mg) and (3R,4S)-3-cyclopropylaminomethy1-4-
fluoropyrrolidine(30.0 mg), the same procedure was followed as in
Example 1 to give 1-cyclopropyl-7-[(35,45)-3- 20
(0 @%opropylaminomethy1-4-fluoro-l-pyrrolidinyl]-6-f|uor0-8-
iffuloromethoxy-1,4-dihydro-4-oxo-3-guinolinecarboxylic acid as a white
‘ solfig%_(SBA mg). MS(EI) m/z: 469(M2) HRMS(EI) 25 Calcd for
18,F4AN304: 469. 1625 Found: 469.1642 [Example 4] [0122]
Synthesis yclo &1 38 4S B
cyclo %%Ipﬁgr%l(r\llor%é%ﬁy c%ro l)]P/rolui?lnyi]]céOprOpylamlnometm/l :
difluoromethax y ro-4- pX0- 3 -9 inolin ecarhox ic g
flUbls a%gtato%}g cycl&aro%é’l% fluor _8%1550 8 % eaC%anOl Q%Q mk) -
yoromet y 1,4-digydro-4-ox uinoli ecar %atoo 04)horon
o %lllsmg? 1(8& 4%83 c%lop?o%ﬁl ﬁmm%%n%et Ol?l(agrop%/rro?t %eed and
the@%O mg). g same procequig was f%'%%%%%%%% PIS.1 10 Ve s
1-cyc Piopropyl /- [( 5,45)-3-
yeloprapylaminomethyld fiyoro-bpyrrolidipy118s o1y o 5 tn .
o (%J% uoromethoxy-1,4- t}:ﬁ% (%roéj4 ox% 3-guino h[Fnecar %xyﬁo’c a(]:“la as fwﬂﬁgc ton

mlé&ygéS@ 4 mglllt_5e¥§<§EQr{B/Zw§§1%%)l'1‘é|gM§(ﬁ) g@'r?grygﬁ The filtrate
088H84F3N304: 451.1

and the washings were combined and concentrated under reduced
pressure. The resulting residue was distilled under reduced
pressure to give (3R,4S)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine as a colorless oil (1.14 g). This compound
was identical to the compound obtained in Reference Example 8
(Process I).

[0113]

<Reference Example 16>

Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4-

fluoropyrrolidine (Process 1IV)

Step 1:

(3R, 4R) - (l-tert-Butoxycarbonyl-4-hydroxypyrrolidin-3-
yl)methanol (3.64 g) and triphenylphosphine (4.41 g) were
dissolved in N,N-dimethylacetamide (84 mL). While the solution
was chilled in an ice water bath, carbon tetrabromide (5.57 qg)
in dichloromethane (16 mL) was added dropwise. The mixture was

stirred at room temperature for 13 hours, followed by addition
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Found: 451.1681 [Example 5] 20[0123] Synthesis of
1-cyclopropyl-7-(trans-3-cyclopropylaminomethy1-
4-methyl1-1-pyrrolidiny1)-6-fluoro-1,4-dihydro-8-methoxy-4-0xo03-guinoline
carboxylic acid Using bis(acetato-0)(1-cyclopropy1-6,7-difluoro-1,4- 25

0-8-me oxy -4-0X0 3 uinolin carbox ato- 03 04)boro OO mg
of me ?hans- -c {/%Iopr&pﬁammgoorﬁgt%y?[%me?%ylpyrrﬁldlr%e t{lufsé gsure

same procedure was followed as in Example 1 to
Ths reﬁg FL(r?%py% fftran% -3 cyglopraopyfar%n(gdn?e]tﬁyfg JEl r?]\ethy eﬁf}rtfglld nyl %

- fl 1.4- d 8- -4- boxylic acid
3 318 VA Chy AL (308 hig, V(BN rUHS S260h2) Erarenmar vy’ 1%
0 lcd for.02 5189FN304 64.32 Ly 6.57, N;;9.78 Found: C; 63.95,
<10&( I G SR A N e o

%oprogé(l -7- grans -3- clogr Iamlnometh¥% 1t d
Con4Cter Iuoromethy--e§rr5he nyle) ﬁ)uoro 4d|hydr0681:esu ing residue was

oo S S B By (oruenc: oony
acetate: hexane = 2:1) to give (3S,4R)-3-bromomethyl-1-tert-
butoxycarbonyl-4-hydroxypyrrolidine as a milky white syrup
(3.17 g).

MS (EI"): m/z=279 (M").

HRMS (EIM)

Calcd for CioH1gBrNOs(M"): 279.0470

Found: 279.0471.

[0114]

Step 2:

Process A: (35, 4R)-3-Bromomethyl-l-tert-butoxycarbonyl-
4-hydroxypyrrolidine (1.97 g) was dissolved in dichloromethane
(50 mL). While this solution was chilled in an ice water bath,
diethylaminosulfur trifluoride (1.90 mL) was added dropwise
and the mixture was stirred at room temperature for 19 hours.
Subsequently, while the reaction mixture was chilled in an ice
water bath, a saturated aqueous solution of sodium bicarbonate
(40 mL) was added and the dichloromethane layer was separated.

The dichloromethane layer was then washed sequentially with a

saturated agqueous solution of sodium bicarbonate (20 mL) and
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dihydro-8-methoxy-4-oxo0-3-guinolinecarboxylato-03,04)boron (300 mg)
and trans-3-cyclopropylaminomethy1-4- trifluoromethylpyrrolidine (177
mg), the same procedure was followed as in Example 1 to give
1-cyclopropyl-7-(trans-3- 20

o= Glero A g boneloky-4 og ;Z%ioin%é;?f'gﬂ?y 3:2;. fepnfal fate;
DU T R R e

Rty Pt e o

he a:(te:lg;,[¥ %(()13cyc ggcrlglpe; a%)-cﬂlfy “r% icg dlhydﬁ% metf)mxy- “0%X0-3- egﬁkl1 l -

o RO B S MmOtk Lo ettt ol 37 g TbRe™ =2

procedure was followed as in Example 1 to give 1-

cyclo%propyl 7-[(3S,4R)-3-cyclopropylaminomethy1-4-methyl-1-

[0 ply%;r lidiny1]-1,4-dihydro-8-methoxy-4-0x0-3- guinolinecarboxylic acid as
yellow crystals (181 mg). MS(EI) m/z:411(M2)

Process B: (35S, 4R)-3-Bromomethyl-l-tert-butoxycarbonyl-
4-hydroxypyrrolidine (561 mg) was dissolved in toluene (20 mL).
To this solution, 1,8-diazabicyclo[5.4.0]undec-7-ene (0.50 mL)
was added and perfluoro-l-octanesulfonylfluoride (0.93 mL) was
then added dropwise while the mixture was chilled in an ice
water bath. After stirred at 2°C for 1 hour, the reaction
mixture was poured on a silica gel pad and was eluted with
ethyl acetate (100 mL). The eluate was concentrated under
reduced pressure and the resulting residue was purified by
silica gel column chromatography (eluant: hexane: ethyl
acetate = 2:1) to give (3S,4S)-3-bromomethyl-l-tert-
butoxycarbonyl-4-fluoropyrrolidine as a yellow oil (447 mg).
MS (EI'): m/z=281 (M").

HRMS (EI") Calcd for CioHi7BrFNO,(M'): 281.0427
Found: 281.0470.

[0116]

Step 3:

(3S,4S) -3-Bromomethyl-1l-tert-butoxycarbonyl-4-
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15 Elemental analysis (%) Calcd for 0235129N304: C; 67.13, H; 7.10, N;
10.21 Found: C; 67.11, H; 7.11, N; 10.24 [Example 8] [0126] 20 Synthesis
of 1-cyclopropyl-7-[(3R,45)-3-
cyclopropylaminomethyl-4-methyl-I-pyrrolidiny1]-1,4-dihydro-8-
methoxy-4-0x0-3-guinglinecarhoxylic acid Using .
L RS DY O roRa 6. T Ay iR e APRESRIA DS
inecarboxylato-03,04)boron (300 mg) and 25 o
(245 T3 oy AR iy S Bt i 637 A, "rs 2nd

wa SIS BLOCEGUTE yas folowed s i EXAMDIE LIQ OVGL. e as
cycPopropyf—?- fﬁ?,ﬂg -§-cycFopropy af%nometﬁyl%-meﬁwﬁi-

. pyrrolidiny1]-1 4-dihydro-8-methoxy-4-0xq-3- guinolinecarboxylic acid a
o e ooty (68010 88
br .((V%) i%lCd f(%r 02%[5&29N3042 C:67.13, H: 7,10, N; 10 51 Found: ga 67.04

R 1628 (a8 TaGho ] YT ous’ SEaTdm Sh1Fate; tand

concentrated under reduced pressure. The resulting residue was

purified by silica gel column chromatography (eluant: hexane:

ethyl acetate = 2:1) to give (35,4S)-1-tert-butoxycarbonyl-3-

cyclopropylaminomethyl-4-fluoropyrrolidine as a pale brown oil

(1.67 qg).

MS (EI"): m/z=258 (M').

HRMS (EI")

Calcd for Ci3H,3FN,0,(M"): 258.1744

Found: 258.1756.

[0117]

Step 4:
(3S5,48)-1-tert-Butoxycarbonyl-3-cyclopropylaminomethyl—-4-

fluoropyrrolidine (1.81 g) was dissolved in tetrahydrofuran

(10 mL). To this solution, trifluoroacetic acid (5.40 mL) was

added. The mixture was then stirred at room temperature for 4

hours and was allowed to stand overnight. Subsequently, the

reaction mixture was concentrated under reduced pressure and

the resulting residue was dissolved in trifluorocacetic acid

(10.8 mL). This was followed by stirring at room temperature

for 1.5 hours and concentration under reduced pressure. To the
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Synthesis of 1-cyclopropyl1-7-[(3S,4R)-3-

cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-6-fluoro-1,4-

dihydro-8-methoxy-4-oxo0-3-guinolinecarboxylic acid Using

bis(acetato-0)(1-cyclopropyl-6,7-difluoro-1,4- 15

d|h dro-8- metho 4 -0x0-3-guinolinecar oxylato 03 4)boron (73 0 mg)
hy -guinolinecarboxylato-03,a4)borc

T 63?‘94[5?% cyc propi/riamlnomet%yl rolidine (eﬁ) @mg) the
tetf oé?(gps%’lﬁa%yggs;%o & agrll%E%%mpl%%&(igivf?g crystals were

cIo ropy inomethy1-4-fluoro-I- rrolldln - -fluoro
fll o -8- n\? r%xy%, 29:?0 3- gu?rr‘;lcﬁln@e%arbox lJaGél asw |téj%rly$s?§r0pyl

etféegfgﬁ%ﬁéwi%%%?) 096 T S 4L N0 35 Fatd G 6076, 1, 5,72,
N; 9.32 EEXftmopll%el [LOJ,CZSAI theS|s of 1 iC cl r%yl [(3S 4S)-3-

f1
uc(i/réfopﬁopy aminomet uoroolrpoy?rcoﬁl |ny ]-6-fluoro-

)jdro -8-methy1-4-oxo-3-guinolinecarboxylic acid Usmg
1bls(acetato O)(l cyclopropy1-6,7-difluoro-1,4-

dihydro:8-methyl 4 '%%Q%‘Qﬁ% l}?{y‘i 03, 0&%%@8&9 PmeAN ;-

(3R,4S)-3- cyclopropy aminomethyl-4-fluoropyrrolidine (85.4'mg), the

trl%[ﬁ%%%(’@g&‘é%’ gz‘ol&wgq aginExample 110 10,0V cr (5 mL) and a
1-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

30jhﬁﬁ%é@@%”@@fﬁ@i£%m5¥oébéfw%mﬁ é%g§¥aé'4égoé%ded to make the

guinolinecarboxylic acid as yellow crystals (57.1 mg). MS(FAB2)

soﬂﬂé%%gxgggéarﬂ?MﬁgEﬂixture was then extracted with

dichloromethane (3 x 15 mL). The dichloromethane extracts were
combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was
distilled under reduced pressure to give (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine as a colorless oil
(785 mg). This compound was identical to the compound obtained
in Reference Example 8.

[Example 1]

[0119]

Synthesis of l-cyclopropyl-7-[(3S,4S5)-3-

cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-qunolinecarboxylic acid

Bis (acetato-0) (1-cyclopropyl-6, 7-difluoro-1,4-dihydro-8-
methoxy-4-oxo-3-quinolinecarboxylato-07,0%) boron (73.0 mg),

(3R, 4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine (30.0 mg),
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15 Calcd for 088H86F8N303: 418.1942 Found: 418.1974 [Example 11]
[0129] Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1- 20
pyrrolidiny1]-6-fluoro-1-[(1R, 2S)-2-fluorocyclopropy1]-1,4-
dihydro-4-oxo-8-methoxy-3-guinolinecarboxylic acid Using

trj,?%%@é/:?tato_r?%ég’f]?gﬂﬁlydofé _1:3[ IR, 25&:20}1 itri (2 mL) were mixed

torgcyeiopr dro-8-methoxy-4-oxo6-3-

inolinecarboxylato-03,041baron (300 mg) and. (3R,45)-3- 25
o A e A B (g ASdok EBec for 3 hours

andrggedure was followed as p Example Lio dive TAGS4S)3, o ounrin
cycﬁopropﬁamlnomet%yl-i} uoro-l-pyrro?i [ ]if-%-sf uoro-1- , d

e TRl A S e o
A Sl OO o AN G S o
i A ey amprony i omen ke LB aidhy SheTisnain 70
ko di%%u??é%%%%?f%%%%%ﬁ%ﬁ%ydxo%l-eg ufneo?iﬁgci:gr%o%i/ |ctg(]§i§ was washed
with ethyl acetate (2 x 1 mL) and was neutralized with a
2mol/L aqueous solution of sodium hydroxide. The crystallized
solid was filtered, washed with small amounts of water, and
dried under reduced pressure to give l-cyclopropyl-7-[(3S,4S)-
3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-fluoro-
1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid as a
pale brown solid (31.6 mg).

MS (FAB") m/z:434 (MH")

HRMS (FAB")

Calcd for C,oHoeFoN3O4: 434.1891

Found: 434.1913

[Example 2]

[0120]

Synthesis of 1l-cyclopropyl-7-[(3S,4S)-3-

cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-1,4-dihydro-8-

methoxy-4-oxo-3-guinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-7-fluoro-1,4-dihydro-

8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (70.0 mg)
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Using bis(acetato-0) [6,7-difluoro-1-[(1R,25)-2- 15
fluorocyclopropy1]-8-difluoromethoxy-1,4-dihydro-4-oxo-3-
guinolinecarboxylato-03,041boron (334 mg) and (3R,45)-3-
cyclopropylaminomethy1-4-fluoropyrrolidine (122 mg), the same

dure was foIIo ed as in Example 1lto 35, 45
a“doz % § % t%fofﬁuoroﬁ pyrrotfllaizﬁ f# %mlldme (30.0

oprop larminom UGTo-

[(1R S) -2- fluorocyclopropgllaB dlqugrgv?traoxg/ 1,4- d| ro-ﬁ;[i/lé %\%ﬁlve
(F

dxo- gumoIIlnega oxylic acid as a pale yellow SO|Idn(8
/2:488 MH I al %) 25 Calcd for 088H82F5N3
- IR LD, N & o P L o B RATT B B mede hgjtomo 1~
01 f 4S I I hy1-4-fl 1-5
pyr[ % ]?I.n"firiﬁ |sg %fsﬁl]i%l) cqprogy gmlnom th y uoro-

pyrro flloro-1- uorocy Iopropy -
d|h dro-4-0x0-8-m th uinolinecarboxylic acid Usin
o AR Sy B8 oot {931.0 ng).

o] Ioprg%l % dihydro-8-methyl-4-oxo-3-
Mo (;Elj?r{oﬁécarboxy%atﬁ 03,04]boron (213 mg) and (3R,4S)-3- 10

HRMYF E)Pjopylamlnomethyl -4-fluoropyrrolidine (94.9 mg), the same
procedure was followed as in Example 1 to give 7-[(35,45)-3-

Cal(:é/glop(ggp)@ ﬂ é ?W%hyl 4-fluoraslspyrrolidinyl]-6-fluoro-I[(IR,2S)-2-fluorocy

clopropyl]-1 cfro 4-0x0-8-methyl-3- guinolinecarboxylic acid as a

rodple yellow f\.g@)lrphous product

[Example 3]
[0121]

Synthesis of l-cyclopropyl-7-[(3S,4S5)-3-

cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-fluoro-8-

difluoromethoxy—-1,4-dihydro-4-oxo—-3—-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-8-
difluoromethoxy-1,4-dihydro-4-oxo-3-quinolinecarboxylato-
0°,0% boron (79.4 mg) and (3R,4S)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine (30.0 mg), the same procedure was followed as
in Example 1 to give l-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-fluoro-8-
difluoromethoxy-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid
as a white solid (33.4 mg).

MS(EI) m/z: 469 (M")
HRMS (ET)

Calcd for C22H23F4N3O4: 469.1625
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15(15.8 mg). MS(FAB2) m/z: 436(M512) HRMS(EI) Calcd for
088H85F3N303: 436.1848 Found: 436.1878 20 [Example 14] [0132]
Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1pyrrolidinyl]-1-[(1R,2S)-2-f
Iuorpcxglgpr%pg/ -1,4-dihydro-4- oxo-8-methoxy-3-guinolinecarboxylic acid

Fo sing bis(acetato-0) [7-fluoro-1-[(1R,25)-2-

E fg,ln(l)l’ ceyc!l propyl1-1,4-dihydro-8-methoxy-4-oxo-3-
Xgun]?o Inecarboxylato-03,041boron (199 mg) and (3R,4S)-3-
céygiopropylaminomethy1-4-fluoropyrrolidine (81.7 mg), the same

[01
pro

mentatana %) 10-Caicd 3851 85F 3t 5H80:€; 59.72,
ai R R8mNe RRAFUNE: G R85 248 N 34015 xmple ABLIOIARL acia

Using bis(acetato-0) (1-cyclopropyl-7-fluoro-8-

difluoromethoxy—-1,4-dihydro-4-oxo-3—-quinolinecarboxylato-
0°,0%) boron (76.4 mg) and (3R,4S)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine (30.0 mg), the same procedure was followed
as in Example 1 to give l-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-8-
difluoromethoxy—-1,4-dihydro-4-oxo-3—-quinolinecarboxylic acid
as a white solid (55.4 mg).

MS(EI) m/z: 451 (M")

HRMS (ET)

Calcd for CyyHps4F3N304: 451.1719

Found: 451.1681

[Example 5]

[0123]

Synthesis of l-cyclopropyl-7-(trans-3-cyclopropylaminomethyl-

4-methyl-1l-pyrrolidinyl)-6-fluoro-1,4-dihydro-8-methoxy-4-oxo—

3-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (300
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Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1- 15
pyrrolidiny1]-1-ethy1-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid Using bis(acetato-0)
[1-ethy1-6,7-difluoro-1,4-dihydro-8-
methoxy-4-oxo-3-guinglinecarbaxylato-03,04]boron (288 mg) and . . .
S SR i i o A e I
me procedure was followed as in Example 1 to give 7- .
(S Syt oy BRTACHEE Y LA dubo Aty . Beamp e 1 to
. _ethy1-6-fluoro-1,4-dihydro-8-methaxy-4-0xo-3- guinolinecarboxylic acid as B
TSI Droin SRISEIE (195 mig) “MS(FABS) b AP (EL?) 26 Llbental ==Y !

e
analysijs (% lcd for,0815185F8N304: C: 59 85, H;.5.98, N; 9.97

Ao Jc&t?é@? ‘3;‘?&8,% °9.97 E(Sghn%% iéﬁ?@‘&%—ﬁ]@%t esis of
7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluorg-1pyrrolidiny1]-6-fl -1-

SRR e M A SEN R SR et

i gnt,?i Z(acqltgg)-g) 6,7-difluoro-1-(2-fluoroethyl)-1,4-
MS gﬁ' :
|h)r);dro-/éSB-methox(y-4£oxo-3-guinolinecarboxylato-03,O4]boron (300 10 mg)

Ele%@ﬁ4§}f§1%)’§h grq@glaminomethylA-ﬂuoropyrrolidine (122 mg), the
same procedure was foliowed as in Example 1 to give

Ca 175H3§O@5)@3-§yc£q93rgdpquming@%@l-ﬁ;ﬂwprgﬂpyggli@iw%]-G-fluoro-l-(Z

-quoroethyI)2-31,§l8-dihy ro-8- methoxy-4-oxo-3-guinolinecarboxylic acid as

ropgle b&w% §.5g:£¥stglls (é-.lgﬂ‘g)N !\/I%(F@BZ) m/z:440(M512) Elemental
)

analysis (%
[Example 6]

[0124]

Synthesis of l-cyclopropyl-7—-(trans—-3-cyclopropylaminomethyl-

4—trifluoromethyl-1-pyrrolidinyl)-6-fluoro-1,4-dihydro-8-

methoxy-4-oxo-3—-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1,4-
dihydro—8—methoxy—4—oxo—3—quinolinecarboxylato—o3,04)boron (300
mg) and trans-3-cyclopropylaminomethyl-4-
trifluoromethylpyrrolidine (177 mg), the same procedure was
followed as in Example 1 to give l-cyclopropyl-7-(trans-3-—
cyclopropylaminomethyl-4-trifluoromethyl-1-pyrrolidinyl)-6-
fluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid
as white crystals (129 mg).

MS(EI) m/z: 483 (M")
Elemental analysis (%)

Calcd for Cy3HpsF4N30,: C; 57.14, H; 5.21, N; 8.69

87



10

15

20

25

Calcd for 0215184F3N304.0.25H80: C; 56.82, H; 5.56, N; 9.47 Found: C;
56.90, H; 5.40, N; 9.37 20 [Example 17] [0135] Synthesis of
1-cyclopropyl-7-[(3S,4R)-3-
cyclopropylaminomethy1-4-methyl-1-pyrrolidiny1]-6-fluoro-1,4-
dihydrg-8-methaxy-4-oxo-3-guinglinecarboxylic acid 25Using
Fo%qg(écgfatgjg)g%)éycﬁldprgp% -6, -élif%ba?roﬁilA-
[EXdé{%%o-%—gweth0xy-4-0xo-3-guinolinecarboxylato-03,O4)boron (212 mq)
R, )-3-cyclopropylaminomethy1-4-methylpyrrolidine (84.8 mg),
[Oltlgg ]same procedure was followed as in Example 1 to give
-cyclopropyl-7-[(35,4R)-3-cyclopropylaminomethy1-4- 5
idiny1]-6-fluoro-1,4-dihy 10XYy-4-0X0-3-
oxyftic-acid-as apateyetic mg). MS(FAB2) m/z:

-6-fluoro-1,4- 15

dithfgi%gwgf;?wa-%-eoe@ﬁ%gasgegn'séac@%wgcp@cﬂq7_flysm9_1, e inydro-

b@s(acetato- 1-cyc opropy1-6', _ifluoro-1,4-
g -rfllpydros :EI‘—%Q%XNE‘—‘%?&%%Q;HWQJJQ?%%_Q _@é‘@'é?:%?';%“*)}’}%%ﬁ?l%%‘@) mg) and

and (3R,4S)-3-cyclopropylaminomethy1-4-methylpyrrolidine (84.8 mg), the
(3r5aums Procedure was followed asin F¥ample 140 1 v rro1idine (137 mg),
the same procedure was followed as in Example 1 to give 1-
cyclopropyl-7-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-1, 4-dihydro-8-methoxy-4-oxo-3—
qgquinolinecarboxylic acid as yellow crystals (181 mg).
MS(EI) m/z:411(M")
Elemental analysis (%)
Calcd for Cy3Hp9N3O4: C; 67.13, H; 7.10, N; 10.21
Found: C; 67.11, H; 7.11, N; 10.24
[Example 8]

[0126]

Synthesis of l-cyclopropyl-7-[(3R,4S5)-3-

cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-1,4-dihydro-8-

methoxy-4-oxo-3-guinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-7-fluoro-1,4-dihydro-
8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (300 mg) and

(3S,4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine (137 mg),
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20 give 1-cyclopropy1-7-[(35,45)-3-cyclopropylaminomethyl-4-
methyl-1-pyrrolidiny1]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid as a pale yellow solid (106 mg). MS(FAB2)
m/z:430(M512) Elemental analysis (%) 25 Calcd for

th 0235189FN304.0.75H20: C; 6@36, H; 6.71, N; 9E.48 F undi Ct; 62.65, H;l_
%.53"K; §A49EXBMpI&’1d] (01371 E5mtha8is'dt “*amPLe © give

esis o
-cyclopropyl-7- ,45)-3-5 .
ey R = el oprcpyani nanerhy) —-methy1-1-
oy S A RO RIE 8305 Uising
dihydro-8-methoxy-4-0x0-3-quinolinecarboxylato-03,04)bqron (2 )
R O e )

same pro fﬂ as followed as in Example 1 to give
M3 gg?:&clgpﬁzobyf- -&?&S)-B-cyclopropylaminomethy1-4-

methyl-1-pyrrojidiny 1]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
El B
e&%ﬁcﬁ%eca%aox{/ﬁc gci% ebs a pale yellow powder (131 mg). MS(FAB2)

catllf: $3004842) 45 Elermentglanalysis (%) Cajed far 10 21 |
0235189FN304.0.25H20: C:63.65 H: 6.62, N:'9.68 Found: C; 63.77, H;

rofiad N 964 [Example 201 5 . 10 28
[Example 9]
[0127]

Synthesis of 1l-cyclopropyl-7-[(3S,4R)-3-

cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3—-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1, 4-
dihydro—8—methoxy—4—oxo—3—quinolinecarboxylato—o3,04)boron
(73.0 mg) and (3R,4R)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine (30.0 mg), the same procedure was followed
as in Example 1 to give l-cyclopropyl-7-[(3S,4R)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid as white
crystals (45.9 mg).

MS (FAB") m/z: 434 (MH")
Elemental analysis (%)
Calcd for CyyHysF,N304: C; 60.96, H; 5.81, N; 9.69

Found: C; ©60.76, H; 5.72, N; 9.32
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[0138] 20 Synthesis of 1-cyclopropyl-7-[(3R,4R)-3-
cyclopropylaminomethy1-4-methyl-lI-pyrrolidiny1]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo0-3-guinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-6,7-difluoro-1,4-

E ditrwng/pcgo-& ethoxy-4-0x0-3-guinolinecarboxylato-03,04)boron (212 25 mg)
“at %,2[ -3-cyclopropylaminomethy1-4-methylpyrrolidine (84.8 mg), the

[0 e procedure was followed as in Example 1 to give
%clopropyl-?-[@l&’,4R)-3-cyc|opropylaminomethy1-4-

thyl-1-pyrrolidiny 1]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
Synﬁ 1S c}/ J CLlOpProOx }47 95 g @5.3 mg). 5 MS(FAB2)

\ I O OJ O

thesjs of 7:[(35,4R

3:oyrlopronyaminomethyl-4methy1-1-

‘[J'é h;"g l;i%'ég ‘%155‘[%%‘51%‘;8‘;&1338 nplinecarboxylicaeid sing;bisaceiatoi0), -

if CYgl 11,47l O ME e¢arkokylato-0°, 0% boron
. hg%%g)lin%(%prébgo%(y atjg-o%(l)g}l ocr%n iggg)?rr}:g ég%(g(% ,l4l5)-3-o 0P (200

mg)CYEIopropylaminomethyl-Asmethylpyrrqlidine. @9179 M) NESAPEr ro1idine
procedure was followed as in Example 1 to give 7-[(35,4R)-3-

(s LY&lopepylaminameathy L:4smethys1spyiroldiny L6 ugro-1; gyamp1e 1 to

give l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-

gquinolinecarboxylic acid as yellow crystals (57.1 mg).

MS (FAB') m/z:418 (MH")

HRMS (ET)

Calcd for CooHoF2N3053 : 418.1942

Found: 418.1974

[Example 11]

[0129]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]l-1,4-

dihydro-4-oxo-8-methoxy-3-quinolinecarboxylic acid

Using bis(acetato-0) [6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-1,4-dihydro-8-methoxy—-4-oxo-3-
quinolinecarboxylato—o3,04]boron (300 mg) and (3R,4S5)-3-

cyclopropylaminomethyl-4-fluoropyrrolidine (118 mg), the same
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20 [(1R,2S)-2-fluorocyclopropy1]-1,4-dihydro-8-methoxy-4-0xo0-3-
guinolinecarboxylic acid as a pale yellow solid (45.7 mg). MS(FAB2)
m/z:448(M512) Elemental analysis (%) Calcd for
0235187F8N304.0.5H80: C; 60.52, H; 6.18, N; 9.21 25 Found: C; 60.57,
I%2§]5[0140 S IqthfSis of

1

H; 6.01, N; 9.17 m ,
Pr SIS 5 2y Iop Gy aROmeiy TGyl £ 917e T-((35,45)-3-

o P RRTCED MERO . cxb.5-Sumolinea ety te dod 1 Ui~ uoro-1-
O by oprpiL -yl Bethosy duaiaczo=4-oxo=s-meciiony=3-
A ety L ety By R 0.0 gy sahd 30"

M3 @;%%c;eéjrg%?{/gﬁégr?et yI-4S:rir?eltzhxyall-lnjgi/err%)ﬁgir?)i/\ll]é67-;‘_I[l(1i5r(’;}ﬁgl-lg:2_8)-2_-fluoroc
L o 2ol (814 ). MS(PAE?) iz A4B(MSL2) 15 Flemental -

ca IS () Galedfop 023EAATERNA0A0.2880; C: 112 Hi 5431

oun
Found: C; 57.45, H; 5.28, N; 9.06

[Example 12]
[0130]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-

pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]—-8-

difluoromethoxy—-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid

Using bis(acetato-0) [6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-8-difluoromethoxy-1,4-dihydro-4-oxo-3-
quinolinecarboxylato—o3,O4]boron (334 mg) and (3R,4S)-3-
cyclopropylaminomethyl—-4-fluoropyrrolidine (122 mg), the same
procedure was followed as in Example 1 to give 7-[(3S,4S5)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1-

[ (1R, 2S)-2-fluorocyclopropyl]-8-difluoromethoxy-1,4-dihydro-4-
oxo-3-quinolinecarboxylic acid as a pale yellow solid (84.0
mg) .

MS (FAB') m/z:488 (MH")

Elemental analysis (%)

Calcd for CyH,FsN304: C; 54.21, H; 4.55, N; 8.62
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[Example 23] [0141] 20 Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1pyrrolidiny1]-1-ethy1-6-flu
oro-1,4-dihydro-4-oxo-3- guinolinecarboxylic) acid
1-ethy1-6,7-difluoro-1,4-dihydro-4-oxo-3- guinolinecarboxylic) acid (253
mq), (3R,45)-3- 25 cyclopropylamingmethyl-4-fluoropyrrolidine (174 mg),
Foufg-:di%aéa i%yglg[&%b.]ﬁph gé-ﬁénéé (154 pL) and acetonitrile (5 mL) were
E mixegéoqgt er. The mixture was refluxed for 3 hours while being stirred.
XSaﬁri%equen ly, the reaction mixture was concentrated under reduced
[Olpjr? sure and water (3 mL) was added 5 to the resulting residue. The

crystallized product was filtered, washed with water, and recrystallized

5,92, 4:10.74 Found; C; 61,13 H; 6.10, N

7'[k3§sAi%)f' yclopronylamingmethyl-4-fiugra-1pyirolidiny1l;1-thy1-6,8-

difluoro-1,4-dihydro-4-oxo-3- quinolinecarboxylic acid

fluorocyclopropyl]-1,4-dihydro-8-methyl-4-oxo-3-
quinolinecarboxylato—o3,O4]boron (213 mg) and (3R,4S)-3-
cyclopropylaminomethyl—-4-fluoropyrrolidine (94.9 mg), the same
procedure was followed as in Example 1 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1-
[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro—-4-oxo—-8-methyl-3-
gquinolinecarboxylic acid as a pale yellow amorphous product
(15.8 mg) .

MS (FAB') m/z: 436 (MH")

HRMS (ET)

Calcd for CyoHysF3N3O3: 436.1848

Found: 436.1878

[Example 14]

[0132]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-

pyrrolidinyl]-1-[(1R,2S)—-2-fluorocyclopropyl]-1,4-dihydro-4-

oxo—-8-methoxy-3-quinolinecarboxylic acid

Using bis(acetato-0) [7-fluoro-1-[ (1R, 2S)-2-
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Using 1-ethy1-6,7,8-trifluoro-1,4-dihydro-4-oxo-3- 20 quinolinecarboxylic
acid (200 mg) and (3R,45)-3- cyclopropylaminomethy1-4-fluoropyrrolidine
(128 mg), the same procedure was followed as in Example 23 to give
7-[(35,45)-3- cyclopropylaminomethyl-4-fluoro-I-pyrrolidiny1]-1-ethy1-6,8-

e s I e e e Wame g
R S et 2 1 8 ot G0
o L oo e e ad 10Uty The same
PTG By B oy ety o T Sttt -
cy%E%@g%%%?ﬁﬁﬁ%g%%%%§fﬂiggﬁ@%@§3¥iQJ?¥gﬂE€f%§§ﬁ@Yg[(1R,2S)—2—
L Ay r e o s Dl e CarboR e S s  pale vellow
quiROWAEr(A80)M9): 1 i ¢ acid as a pale yellow solid (111 mg).

MS (FAB') m/z: 434 (MH")

Elemental analysis (%)

Calcd for CuuHusF,N;04°0.5H,0: C; 59.72, H; 5.92, N; 9.50

Found: C; 59.87, H; 5.71, N; 9.40

[Example 15]

[0133]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-1l-ethyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-

guinolinecarboxylic acid

Using bis(acetato-0) [1-ethyl-6, 7-difluoro-1,4-dihydro-8-
methoxy-4-oxo-3-quinolinecarboxylato-0’,0%]boron (288 mg) and
(3R, 4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine (122 mg),
the same procedure was followed as in Example 1 to give 7-

[ (35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-1-
ethyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid as pale brown crystals (135 mg).

MS (FAB") m/z: 422 (MH")

Elemental analysis (%)
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MS(FAB2) m/z:410(M512) Elemental analysis (%)  Calcd for
0805182F3N303.0.4H80: C; 57.66, H; 5.52, N; 10.09 20 Found: C; 57.82,
H; 5.31, N; 10.04 [Example 26] [0144] Synthesis of
7-[(3S,4S)-3- cyclopropylaminomethyl -4-fluoro-1-

ca PV éjdlny%] |flu8ro 1- (2 f%%orggthyg -1 él dégydrg -4- 2@7
0X0- gum a?géxyl'c atid
6 7 8- Iugro 9§2f orqet \}él) J.N4 dg'lyg -4 0xo0-3-guinolinecarboxylic
OYHG d( 0 mg) and ( R, S)- cycfopropylamlnomethyl 4-fluoropyrrolidine
120£ng)§)g;e same procedure was followed as in Example 23 to give

4

[0 g?/giopropylamlnomethyl -4-fluoro-1-pyrrolidiny1]-6,8-difluoro1-(2-fluoroeth
4-dihydro-4-oxo-3-guinolinecarboxylic acid as pale yellow crystals

pyrr%ﬂ%x‘%m@]e %7M9145o 1-(2-fluoroethyl) -1, 4-dihydro-8-

methoxy-4-oxo-3—-quinolinecarboxylic acid

Using bis(acetato-0) [6, 7-difluoro-1-(2-fluoroethyl)-1,4-
dihydro—8—methoxy—4—oxo—3—quinolinecarboxylato—o3,04]boron (300
mg) and (3R,4S)-3-cyclopropylaminomethyl-4—-fluoropyrrolidine
(122 mg), the same procedure was followed as in Example 1 to
give 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1-(2-fluoroethyl)-1,4-dihydro-8-
methoxy-4-oxo-3—-quinolinecarboxylic acid as pale brown
crystals (112 mg).

MS (FAB") m/z:440 (MH")

Elemental analysis (%)

Calcd for C,1Hp4F3N304°0.25H,0: C; 56.82, H; 5.56, N; 9.47
Found: C; 56.90, H; 5.40, N; 9.37

[Example 17]

[0135]

Synthesis of 1l-cyclopropyl-7-[(3S,4R)-3-

cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1, 4-
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Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1- 15
pyrrolidiny1]-6-fluoro-1-(2,4-difluoropheny1)-1,4-dihydro-4-
0x0-1,8-naphthyridine-3-carboxylic acid Using
7-chloro-6-fluoro-1-(2,4-difluoropheny1)-1,4-

..dihydro-4-0x0-1,8-naphthyridine-3-carhoxylic acid (355 mqg) and _,
o B B o B Bt AA o GRAFOIG (S0 ey CobiRE o (212
same pr was followed as in Example 23 tq give /-

d . .
i )[(fél,ﬂs)(%?(:f—?(fygc@proﬁﬁgr@i nome q?ﬂﬁ G(‘g%%%%)’rm"di}%ﬁj_%}_/ lpyrrolidine

fluoro-1-(2,4-difluoropheny1)-1,4-dihydro-4-oxo-1,8- .
R R e e

TGS BOANAC . 57708, W4 35 N 178 EBtnek € 97 B0 PA 10,147
1.67 |E le.28] 5[0146 hesi .
e s A B ey by amboma 4 ubre By BRaRy EES A48

4-difluorophenyl)-1,4-dihydro-4- 0xo-3-gquinoli rboxylic aci in
qulégg&ﬁqueocfg-l- 2%—%}ffuoa}§ﬁﬁgnaysl)i, i eyd%rjlﬂef-f%% sy1e 8 91}139 %) .

MS @@stg%r)%lipeg%b Jris: acid (337 mg) and (3R,4S)-3-
cyc

opropylaminomethy1-4-fluoropyrrolidine (174 mg), the same

ol &{88%%%%%%%&%'9@’99%5 in Example 23 to give 7-[(3S,4S)-3-
cyclopropylaminomethy1-4-fluoro-I-pyrrolidiny1]-6-fluoro-1-

ca 1@ f-diflHorophenyd)st A-giydip-4-pxor3-gyinolinecarbgxylic

Found: C; ©64.04, H; 6.53, N; 9.72

[Example 18]

[0136]

Synthesis of l-cyclopropyl-7-[(3S,4S5)-3-

cyclopropylaminomethyl—-4-methyl-1-pyrrolidinyl]-6—-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1,4-
dihydro—8—methoxy—4—oxo—3—quinolinecarboxylato—o3,04)boron (212
mg) and (3R, 4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine
(84.8 mg), the same procedure was followed as in Example 1 to
give l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-
methyl-1l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid as a pale yellow solid (106 mg).

MS (FAB") m/z:430 (MH")
Elemental analysis (%)

Calcd for C23H28FN304’O.75H202 C; 62.36, H; 6.71, N; 9.48
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15 acid as a pale yellow powder (309 mg). MS(FAB2) m/z: 476(M512)
Elemental analysis (%) Calcd for 0845181F4N303.0.25H80: C; 60.06, H;
4.52, N; 8.76 Found: C; 60.18, H; 4.35, N; 8.84 20 [Example 29] [0147]
Synthesis of 1-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethy -4-%uor -1-pyrrolidiny1]-6-fluoro-1,4-
Foud%l/ ydré-’4-é%d-%%-n%aphf%1yﬁ i’nelgf:‘-cgr'b%%(ylic acid 25Using
E 7-chl ro-#—9 clopropyl1-6-fluoro-1,4-dihydro-4-oxo-
x]‘.ij@l—ona(?:)h %dine-S-carboxylic acid (283 mg) and (3R,4S)-3-
[Oﬁ/giopropylaminomethy1-4-fluoropyrrolidine (190 mg), the same

procedure was followed as in Example 23 to give
Surt clo%rog 17-[(35 4?2)-£ca/|prggy aminomethy1-4-fluoro-1-pyrrolidiny1]
Y 5-fiuoro-1,4=-difiydro-4-oxo- Taphtf e=3-carboxylic acid as a

é%%oxylic acid

3
@

0 ~afcdfo 3051¢€ 3NA03.072 50
aithoHnd: £ 28,98, 1 5,34, N; 13.70 [Exampls

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (212
mg) and (3S,4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine
(84.8 mg), the same procedure was followed as in Example 1 to
give l-cyclopropyl-7-[(3R,4S)-3-cyclopropylaminomethyl-4-
methyl-1l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
gquinolinecarboxylic acid as a pale yellow powder (131 mg).

MS (FAB") m/z: 430 (MH")

Elemental analysis (%)

Calcd for C,3H,8FN304°0.25H,0: C; 63.65, H; 6.62, N; 9.68

Found: C; ©63.77, H; 6.54, N; 9.64

[Example 20]

[0138]

Synthesis of l-cyclopropyl-7-[(3R,4R)-3-

cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-6, 7-difluoro-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (212

mg) and (3S,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine
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[0148] Synthesis of 1-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-6-fluoro-1,4- 15
dihydro-4-oxo-3-guinolinecarboxylic acid Using
1-cyclopropyl1-6,7-difluoro-1,4-dihydro-4-oxo-3- guinolinecarboxylic acid
(1 9 mq) and (3R,45)-3- cyclopro Iamlno y1-4-fluorop; rrolldlne (23

mg), th Sarr?égprocegu% Was ot %ved a5 moégamp to% jyg P =S " o

1-cyclo | 20
glv7ef( 5 % g gyc?gﬁ]ropyla%ﬁgmémyl 4 ﬁﬁgrloofrp%r%i‘amlffmethyl 4-

-flyorp-1,4-di h li b | Il
St At AN shalite b taia n%il%ii?ﬁfs"wo 4gox0-3-
.Calcd for 0215183F8N303: 62.52, H: 5.75, N:.10.42 F ' 62.14
oI S 7 8 S PP S A8 FDE o823

SISO
1-7- 45 -3-5
oyt

cyc opropylamln thy1-4-fluoro-1-pyrrolidiny1]-6,8-difluorol,4-dihydro-4-

(0)(0) inolinecarboxylic, acid Usin
Bl JHINGINSGADIXYIC )
e1mar/1§opropyl 6y7]8 tri ucéro 1,4-dihydro-4-oxo-3- gumollnecarboxyllc acid

Cal(2 2 o@%‘ gglqpro?/ylaggn%et 1-4:flugropyrrofiding (142

e sam Ig paro%edure fvas followed as’in Exaniple 23 th give

Foénﬁyc'epro@}z’l 43,
7-[(3S,4S)-3- cyclopropylamlnomethyl 4 fluoro [-pyrrolidiny1]-

EXGa% fgj 1,4-dihydro-4-oxo-3-guinolinecarboxylic acid as a pale yellow
crystals (15 mg). MS(FAB2) m/z: 422(M512)

[0139]

Synthesis of 7-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-1-

pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-

dihydro-8-methoxy-4-oxo-3—-quinolinecarboxylic acid

Using bis(acetato-0) [6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-1,4-dihydro-8-methoxy—-4-oxo-3-
quinolinecarboxylato—o3,O4]boron (130 mg) and (3R, 4R)-3-
cyclopropylaminomethyl-4-methylpyrrolidine (50.0 mg), the same
procedure was followed as in Example 1 to give 7-[(3S,4R)-3-
cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-6-fluoro-1-
[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid as a pale yellow solid (45.7 mg).
MS (FAB") m/z:448 (MH")

Elemental analysis (%)
Calcd for Cy3Hy7F,N304°0.5H,0: C; 60.52, H; 6.18, N; 9.21

Found: C; 60.57, H; 6.01, N; 9.17
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15 Elemental analysis (%) Calcd for 0815182F3N303: C; 59.85, H; 5.26,

N; 9.97 Found: C; 59.53, H; 5.25, N; 9.76 [Example 32] [0150] 20
Synthesis of 8-chloro-I-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethyl -4-fluoro-I-pyrrolidiny1]-6-fluoro-1,4-
ro-A% x0-3-guinolinecarboxylic acid Using
Ioro clopropyl -6,7-difluoro-1,4-dihydro-4-

[013((9 -3-guinolinecarboxylic acid (300 mg) and (3R,45)-3- 25

cycl]opropylaminomethyl -4-fluoropyrrolidine (174 mg), the same
in _xamqlg 23 to

fluorocyclopropyl]-1,4-dihydro-8-methoxy—-4-oxo-3—

quinolinecarboxylato—o3,04]boron (130 mg) and (3R, 45S)

cyclopropylaminomethyl-4-methylpyrrolidine (50.0 mg),

—3-

the same

procedure was followed as in Example 1 to give 7-[(3S,4S)-3-

cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-6-fluoro-1-

[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxo-3-

gquinolinecarboxylic acid as a pale yellow solid (61.4 mg).

MS (FAB") m/z:448 (MH")

Elemental analysis (%)

Calcd for C,3H,7F;N30,°0.25H,0: C; 61.12, H; 6.13, Nj;
Found: C; ©61.08, H; 6.04, N; 9.18

[Example 23]

[0141]

9

.30

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-1l-ethyl-6-fluoro-1,4-dihydro-4-oxo-3-

guinolinecarboxylic) acid

l-ethyl-6, 7-difluoro-1,4-dihydro-4-oxo-3-

gquinolinecarboxylic) acid (253 mg), (3R,4S)-3-

cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg),

98
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pyrrolidiny1]-6-fluoro-1-[(1R,2S)-2-fluorocyclopropy1]-1,4-
dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid Using
7-chloro-6-fluoro-1-[(1R,2S)-2-fluorocyclopropyl]- 15
1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (200 mg) and
. (3R,4S)-3-cyclopropylaminomethy1-4-flu yrrolidine (116 mg), the .
4150 pockbUne WA TURAGH a0 T ERarnpia 2514 gRAT SCCeiniErile (s
7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-
mL%}%eré ié?éZgg %?%er. r%%e miﬁfﬂaﬁhygg é¥9%g8d for 3 hours

uoro- R s Iuorocyclopropy ro-4-0xo-
SR ol acgs e Yoo 8BS (0K e
oML b, K 15,05 TEAGrmIS 541 o1 50] SyAtabiay () was added
o T B Trs LR 25) 3 fhordey Sloprapyiia frgauet was

£ 1 1diydro-4-gx-3-guinolinecarhoxylic acid USING. 111 yeq £ hanol
i 6,7-de|f$U0rg?1'R%R1ng)'il'ﬂﬁgroecyclopropyﬁiﬁ,Afl-s ized from ethano

to %&;%%0'74—'?%%‘&%5‘9@—6&%‘3@%@8&@%&?}1@0@8{ 09 BRAR) -1 -

opropylaminomethyI-4-fluoropyrrolidine (190 mg), the same

py8§edUrE s followed as;inExample 23,10 giye 73 10, .63
[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny1]-6-

quit9-1ll1R 2 R):2-Horocyglopropy ]y A-dihygrasd-0x0:3-, 4

guinolinecarboxylic acid as pale yellow crystals (203 mg). MS(FHAgEgZ) m/z:

s A%24M512) Elementalgnalysis (%)

o)

Elemental analysis (%)

Calcd for C,gH,3F;N303: C; 61.37, H; 5.92, N; 10.74
Found: C; 61.13, H; 6.10, N; 10.63

[Example 24]

[0142]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-

pyrrolidinyl]-1-ethyl-6,8-difluoro-1,4-dihydro-4-oxo-3-

qgquinolinecarboxylic acid

Using l-ethyl-6,7,8-trifluoro-1,4-dihydro-4-oxo-3—
qgquinolinecarboxylic acid (200 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (128 mg), the same
procedure was followed as in Example 23 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-1-ethyl-6, 8-
difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid as a

pale yellow crystal (140 mg).
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15 Calcd for 0215182F3N303.0.25H80: C; 59.22, H; 5.32, N; 9.87 Found:
C; 59.17, H; 5.09, N; 9.78 [Example 35] [0153] Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-1- 20
pyrrolidiny1]-6,8-difluoro-1-[(1R,2S)-2-fluorocyclopropyl]-

4-dj?ydr -4-0x0-3-guinolinecarboxylic acid Using

MS éE‘/? % rifFﬂ/g%d-lé-l[?st?ﬁ%ﬂz-fluorocyclopropyl]-
1,4-dihydro-4-oxo-3-gujpolinecarboxylic acid (301 mg) and

Ele@ﬁ%&?-@@lgEfrsolpillaﬁﬁﬁ]omethyl-&ﬂuoropyrrolidine (190 mg), 25 the

d llowed as i le 2 [ -
e A 5 ey oraLy A memay A Hibre 1 sy o 12°
Fou6ﬂ§-:dif@.org- %R gS)'gifmeCIaql 09%1]-1,4-dihydro-4-

oxo-3-glinolinécarbokylic’acifl as’pale yellow crystals (231 mg). 5

(E MS%AB%)EE/Z:MO(MHZ) Elemental analysis (%) Calcd for
"5215181F4N303.0.25H80: C: 56.82, H: 4.88, N: 9.47 Found: C: 56.91, H:

[01449?, N; 9.35 [Example 36] 10[0154] Synthesis of
8-chloro-7-[(3S,4S)-3-cyclopropylaminomethy1-4-

luora-:pyseolidinyL}6-flugro-1-[1 R 2

pyrrolidinyl]-6-fluoro-1-(2-fluoroethyl)-1,4-dihydro-4-oxo—-3—

f%bylami omethyl-4-fluoro—1-

SyJ

guinolinecarboxylic acid

Using 6, 7-difluoro-1-(2-fluoroethyl)-1,4-dihydro-4-oxo-3-
quinolinecarboxylic acid (271 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg), the same
procedure was followed as in Example 23 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-fluoro-1-(2-
fluoroethyl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid as a
pale yellow powder (186 mg).

MS (FAB") m/z:410 (MH")

Elemental analysis (%)

Calcd for C,oHyF3N303°0.4H,O0: C; 57.66, H; 5.52, N; 10.09
Found: C; 57.82, H; 5.31, N; 10.04

[Example 26]

[0144]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-

pyrrolidinyl]-6,8-difluoro-1-(2-fluorocethyl)-1,4-dihydro-4-

oxo—-3—quinolinecarboxylic acid
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15Using 8-chloro-6,7-difluoro-1-[(1R,2S)-2-
fluorocyclopropyl]-1,4-dihydro-4-oxo-3-guinolinecarboxylic acid (318 mg)

and (3R,45)-3-cyclopropylaminomethy1-4- fluoropyrrolidine (174 mg), the
same procedure was followed as in Example 23 to give

8-chloro-7-[(35,45)-3- 20 .

cycm[%%a a%w.r?dr?éﬁ@ﬁ-ﬁ%m%%&ﬂ;)‘y%owi%ilnuyﬁ?@ﬁE%i{(imf‘z‘s%&%i&&%‘4‘

cyclopropyll-1,4-dihydro-4-0xo-3- guinolinecarboxylic aci llow
©*Solid Qé.réé r]ll”lglgﬁ\ﬁg ,&ﬁ?{) m z:ig%ﬁi/n—{%gélelﬁ? ntgpana?ﬁ%%fz
alcd for 081H2101F3N303,0.5H20; C; 54.26, H; 4.77, N; 9.04 Found; C;
Y G554 51 RO E Fa foxainie 7] (DLLE] Stk 20 119) 7 e same
T oy OB 4 et SR, b Riofbi g 7~ [ (38, 45)3-
ihydro-8-methoxy-4-0x0-3-quinplinecarboxylic acid . . ’ :
e g S e s st rgitbore
_ necarboxyli id. (250 mQ), (3R.4S)-3- I . . :
- e R arge (las ot Brsyamd Lo 2cid
(Q.L7.ml) and dimethylsulfoxideL(4 m|.) were mixed together. The mixture
s v§as S?i:lryed€l at 1OOCE{gr 9liourg§aﬁg1\7vaé\$\éhbsequently concentrated under
MS {gggegdrpyggsuL{%S'IZ@%Jf?suIting residue was purified by silica gel column
chromatography (eluant: dichloromethane: methanol = 40:1). The 15
ol e%lé&@@lé@llgwasp}igivgas eacrystallized from ethanc_)l to give 5-
amlno-I-cyclopropyl-7-&(38,4S)-3-cyclopropylam|nomethyl-4-
catfluere-dzpyrrolidinyit]6-flupro-14-dihydro-8-mefhoxy4-0x0s3-
gumolmecar%oxyllc acid as yellow crystals (248 mg). MS(FABZ) m/z:
roiPMS12) 20 &lemental analysis; (%), 5o

[Example 27]
[0145]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-

pyrrolidinyl]-6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-

oxo—-1, 8—naphthyridine-3-carboxylic acid

Using 7-chloro-6-fluoro-1-(2,4-difluorophenyl)-1,4-
dihydro-4-oxo-1, 8—naphthyridine-3-carboxylic acid (355 mg) and
(3R, 4S) -3-cyclopropylaminomethyl-4-fluoropyrrolidine (190 mg),
the same procedure was followed as in Example 23 to give 7-

[ (35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-
fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1, 8-
naphthyridine-3-carboxylic acid as a pale yellow powder (229
mg) .

MS (FAB") m/z: 477 (MH")
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Calcd for C225126F2N404: C; 58.92, H; 5.84, N; 12.49 Found: C; 58.60,
H; 5.74, N; 12.39 [Example 38] [0156] 25 Synthesis of
5-amino-1-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethy1-4-fluoro-1-pyrrolidiny11-6-fluoro-1,4-
£1 dig%dtrg-l&gnneg 1S:§éox £§-guinolinecarboxylic acid Using
e'érlamino-l-cyc ropy1-6,7-difluoro-1,4-dihydro-8-
methyl-4-0xo-3-quinolinecarbaxylic (79.0 mg) and (3R,4S)-3-
Calc(i/%lo%%py é?h[? ﬁ‘f%umlﬁe‘*t(#ﬁll- -f|l?§)%t%/%l’0|igihe%(5%% n%R) tfuia 's?a?ne
rqocedure llowed as.in Example 36 to give
Fo -glr'ni%’g-I-%%ﬁ’op%f—?ﬁ%?%@-c@cgogﬁﬁopylaminomethyl-4-f|uoro-l-pyrr
[Exoall%ji Q@Q oro-1,4-dihydro-8-methyl-4-oxo-3- guinolinecarboxylic acid as
a ygl ow solid (9.6 mg). 10 MS(FAB2) m/z: 433(M512) HRMS(EI) Calcd
[Olf2%9225127F2N403: 433.2051 Found: 433.2086 [Example 39]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-

oxo—-3—quinolinecarboxylic acid

Using 6, 7-difluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-
oxo-3-quinolinecarboxylic acid (337 mg) and (3R, 4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg), the same
procedure was followed as in Example 23 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1-
(2,4-difluorophenyl)-1,4-dihydro-4-oxo-3—-quinolinecarboxylic
acid as a pale yellow powder (309 mg).

MS (FAB') m/z: 476 (MH")

Elemental analysis (%)

Calcd for Cy4H»1F4N303°0.25H,0: C; 60.06, H; 4.52, N; 8.76
Found: C; 60.18, H; 4.35, N; 8.84

[Example 29]

[0147]

Synthesis of 1l-cyclopropyl-7-[(3S,4S)-3-

cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-4-oxo-1, 8—naphthyridine-3-carboxylic acid

Using 7-chloro-l-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo—
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15[0157] Synthesis of 5-amino-7-[(3S,4S)-3-cyclopropylaminomethy1-4-
fluoro-1-pyrrolidiny1]-6-fluoro-1-[(1R,2S)-2-
fluorocyclopropy1]-1,4-dihydro-8-methoxy-4-oxo-3- guinolinecarboxylic
acid 20Using 5-amino-6,7-difluoro-1-[(1R,2S)-2-
fluorocyclopro I51,4-dih dro-8-methoxy-4-0x0-3- guinolinecarbgx Iid%
L R O] B o A b proBy Ao ) - fsogg moliding >
oy {748, the same procedure ag folgwed a8, SXEMAE 35199Ve e same

T A A 20 DR TOy Aoy T iy - B ndthbsy 0562 BROPY L
' li ' I Iid . 2) m/z: 2

T Al s e 0 B e oy G35 au DA .85 FF S 10721

o AABLFoUNG: G150.09,,5.31, N: 1Le4 [myanale A0 0158 SYOESIS - sca

of 5-amino-7-[ n
fluora-1-pyrrolidiny1]- 7}uo 0-1-[(1R,2S)-2-
s fﬁjovggléy%%&ggﬂﬁvﬂ,f- iH;IdrIS- -methyl-4-0x0-3- guinolinecarboxylic acid
ing,5-amino-yf=diflyoro-1-[(1R,2S)-2-
MS (FAB 10-Po/5
#&roéycﬁggropyl]-(13,4-;)hydro-8-methy1-4-oxo-3-

Elemental analysis (%)

Calcd for CyoHyF,N405°0.25H,0: C; 58.74, H; 5.55, N; 13.70
Found: C; 58.98, H; 5.34, N; 13.70

[Example 30]

[01438]

Synthesis of l-cyclopropyl-7-[(3S,4S5)-3-

cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-4-oxo-3-quinolinecarboxylic acid

Using l-cyclopropyl-6, 7-difluoro-1,4-dihydro-4-oxo-3—
quinolinecarboxylic acid (199 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (131 mg), the same
procedure was followed as in Example 23 to give l-cyclopropyl-
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6-fluoro-1,4-dihydro-4-oxo-3—-quinolinecarboxylic acid as pale
yellow crystals (148 mg).

MS (FAB") m/z: 404 (MH")
Elemental analysis (%)

Calcd for Cy1H23FoN305: C; 62.52, H; 5.75, N; 10.42
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15 guinolinecarboxylic acid (20.0 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (15.2 mg), the same
procedure was followed as in Example 36 to give 5-amino-7-
[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-I-pyrrolidiny1]-6-
fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methy1-4- 20

Fouonx(gi&%ﬁir%gihégarb%ﬁyh% Yea il ;éwo%? solid (9.6 mg). MS(FAB2)

E m/z:iSl%S%’lZ) HRMS(EI) Calcd for 022H26F3N403: 451.1957 Found:
#5159 [Example 41] [0159] Synthesis of

L A bxoiate (327 mg),

inomethyL-4-fuoropyrrolcine (174

1, 1A jagether. The reaglion ixguce was sffred 10,84 80C for 1 hour and
residue was

dissolved.in dic (30 mL), was entially with waterand, 5
satu(r%z};l\%gg] gri%e,g(%;g(;g §\%§r]%$n]hy% f:?ds).g s\lo%é1 rigslicﬁggtjle,rﬂdr% ggﬁ%ﬁ%te% Bho-3

quiger Kedugad pressure, The r?%‘i'ﬁ”%ﬁg%% wasgpurtfied by silica gel

15 column chromatography (eluant: dichloromethane: acetone = 2:1 -> 1:1

cydféEQHB %H@Bﬁé%@y¥ﬂﬁiff%%%kﬂ&%?%ﬂ%@ﬂ%@eY?%@Nﬁﬁvq“@ﬁe same

dissolved in ethanol (4 mL), followed by addition of a 10% aqueous

pr5%@&H¥EOR§99“HBfwgﬂgﬂd%é4QHJExample 23 to give l-cyclopropyl-

7-1(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6,8-difluoro-1,4-dihydro-4-oxo-3—-quinolinecarboxylic acid as a
pale yellow crystals (157 mg).

MS (FAB") m/z: 422 (MH")

Elemental analysis (%)

Calcd for C,1H,F3N303: C; 59.85, H; 5.26, N; 9.97

Found: C; 59.53, H; 5.25, N; 9.76

[Example 32]

[0150]

Synthesis of 8-chloro-l-cyclopropyl-7-[(3S,4S5)-3-

cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-4-oxo-3-quinolinecarboxylic acid

Using 8-chloro-l-cyclopropyl-6, 7-difluoro-1,4-dihydro-4-
oxo—-3—quinolinecarboxylic acid (300 mg) and (3R,4S)-3-

cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg), the same
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stirring at 60C for 70 min, and concentration under reduced 20 pressure.
The resulting residue was diluted with water (10 mL), neutralized with
Imol/L hydrochloric acid (pH 7.5), and extracted with dichloromethane (2 x
30 mL). The dichloromethane extracts were combined, washed with
saturated brine, dried over anhydrous sodiyum sulfate, and concentrated
PTG G 30040 bIELETe i foat A LSidbe s Burfod o) Tafcee 1~
el colum ggr_o tography.(eluant: dichloramethane: methanpl =.10:1) to,
cY%\?@?ﬁ?@éA )-@%y%o%&p;laﬁ%ﬁérﬁgﬁwyolamlnome@hyq E fluoro-1
4-fluoro:I-pyrrolidir %-G-flu_ 0-1,4-dih %o-_l-(_l - . .
Y bR 0 18- Hag e Cahoigs S hgoar PoxyLic
crystals (141 mgg %&FABZ m/z:421(M512) Elemental analysis (%)
auéal%é for G2TH26F8N403.0. HB% éz]]S%I%g;H 6.34, N; 13.05 Found: C;
3, H; 6,10, N, al(l)_lo 10 [Example 42] [0160] Synthesis of
M3 3-;}%S)Aglﬁg-'cyé\#o%ropyléminomethy1-4-fluoro-1-
o eonyérnqgjigTyél]Fgfluspr%-l(%-gihydro-l-(l_,1-dimethylethyl)-4-
0x0-3-guinoline arjboxyllc acid 15Using ethyl

cafrdifluora-1 4-dibydro--(L15 . <. 57.13, u; 5.11, N; 9.52
Found: C; 57.19, H; 4.97, N; 9.49
[Example 33]

[0151]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4—-fluoro-1-

pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-

dihydro-4-oxo-1, 8—naphthyridine-3-carboxylic acid

Using 7-chloro-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]—
1,4-dihydro-4-oxo-1, 8—naphthyridine-3-carboxylic acid (200 mg)
and (3R, 4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine (116
mg), the same procedure was followed as in Example 23 to give
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-

1, 8-naphthyridine-3-carboxylic acid as pale yellow crystals
(101 mg) .

MS (FAB") m/z: 423 (MH")

Elemental analysis (%)

Calcd for CyyH»1F3N403°0.25H,0: C; 56.27, H; 5.08, N; 13.35

Found: C; 56.40, H; 4.88, N; 13.05
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dimethylethyl)-4-oxo0-3-guinolinecarboxylate (309 mg) and
(3R,45)-3-cyclopropylaminomethy1-4-fluoropyrrolidine (174 mg), the same
procedure was followed as in Example 40 to give 7-
[(3S,4S)-3-cyclopropylaminomethy1-4-fluoro-I-pyrrolidiny1]-6- 20
quor?{el,%- thydro-1-(1,1-dimethylethyl)-4-oxo-3- guinolinecarboxylic acid
ale yellow crystals (91.3 mg). MS(FAB2) m/z:420(M512) Elemental
ysis (%) Calcd for 0885187F8N303: C; 62.99, H; 6.49, N; 10.02 25

[Exam
as

ethylethyl)-4-0x0-3-quj Iir’leca hoxylate (30,0 C[ng) and
AS)S" ine (29.0 mg), the
same, procedure, was followed as | ample 40 ive 7- 1
8 e oy anng . opropy1) =1, 4-
; 16, 8:diflyprg:1.4-dihydro-1:(1 1.l )-4-0%0-3-quinglinecarboxylic 4« _
d h@ﬁédé ypro:1,4-d %8&1&%95’?%@%‘!}&&? (FAC(I_%% r:;(] fz%‘é‘ %%512‘&0 YA€ 4s)

acid as a pale yellow powder (25.1 mg 438

3-HRMREA CRlcdSr OR8N8 AE3NE03:-438-2099 dine (190 mg), the

same procedure was followed as in Example 23 to give 7-

[(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—-6-
fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid as pale yellow crystals (203 mg).

MS (FAB") m/z: 422 (MH")

Elemental analysis (%)

Calcd for Cy1H,pF3N305°0.25H,0: C; 59.22, H; 5.32, N; 9.87
Found: C; 59.17, H; 5.09, N; 9.78

[Example 35]

[0153]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-6,8-difluoro-1-[(1R,2S)—-2-fluorocyclopropyl]-

1,4-dihydro-4-oxo-3-quinolinecarboxylic acid

Using 6,7,8-trifluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (301 mg) and
(3R, 4S) -3-cyclopropylaminomethyl-4-fluoropyrrolidine (190 mg),

the same procedure was followed as in Example 23 to give 7-
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Found: 438.2015 [0162] <Antibacterial activity> <Test Example:
Antibacterial activity in vitro> 20The in-vitro antibacterial activity of the
compound of the present invention, as measured by the minimum
inhibitory concentration (MIC), was determined by the agar plate dilution
C ue using Mueller-Hintan a ar eHc[ilu -Edfl tech e met th
cgh'tg%é] sg’ecﬁfeg& BE & KiatiShares W eep:‘or iical Lé:borgtlo(r% nyll-
Stan 199 )E\{h LS etho for Dilutio Antlba r| I Sus eptihilit
eoals sg actgrl CJEa%grov%/aAe?ro c:Laltﬁ)yr O%CIE ‘Bdition: Apgréveég R % J-4
St ndard m7-A4. NCCLS Vlllanova Pa.]. For Strep gccus pneu oni
an% Ignt%eroczoccus ol\ﬁVé values weregdegermlneg JCE))% usin ySeC 218231
. )Muller Hinton agar 5 supplemented with 5% defibrinated horse blood. The
9résults are shown in Table 1 below. [0163] [Table 1] Table 1: hi
MS T:&%agmtlb terﬂjoe ivity StrainsmiC Ogg/TILL) Exampe 1 Example 2
xample xample xampe

Elemental analysis (%)

Calcd for C,1H»1F4N303°0.25H,0: C; 56.82, H; 4.88, N; 9.47
Found: C; 56.91, H; 4.67, N; 9.35

[Example 36]

[0154]

Synthesis of 8-chloro-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

fluoro-l-pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-

fluorocyclopropyl]-1,4-dihydro-4-oxo-3—-quinolinecarboxylic

acid

Using 8-chloro-6, 7-difluoro-1-[ (1R, 2S)-2—-
fluorocyclopropyl]-1,4-dihydro-4-oxo-3-quinolinecarboxylic
acid (318 mg) and (3R,4S)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine (174 mg), the same procedure was followed as
in Example 23 to give 8-chloro-7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6-fluoro-1-

[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-3-
quinolinecarboxylic acid as a yellow solid (93.6 mg).
MS (FAB") m/z:456 (MH")

Elemental analysis (%)

Calcd for C21H21C1F3N303’O.5H202 C; 54.26, H; 4.77, N; 9.04
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S. wells S51 1hO. 0080. 0080.0080. 0160.008 S. aureus MR58670.0080,
0160. 0080.0310.008 S. aureus M8164010. 0040. 0310.0080.0630.016
S. pnemouide Type 111-1;0. 0080, 0310, 0160, 0630-031 E. faecalis
1106820.063 0.125 0J250. 50.125 StrainsM1C (mg/IL) Example 6

£ EPMEle LXample,S 0,034,0. 0310, 051 0. 008 0.063
[Example 37]
[0155]

Synthesis of 5—-amino-l-cyclopropyl-7-[(3S,4S)-3-

cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1, 4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid

5-amino-l-cyclopropyl-6, 7-difluoro-1,4-dihydro—-8-methoxy-
4-oxo-3—-quinolinecarboxylic acid (250 mg), (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (190 mg),
triethylamine (0.17 mL) and dimethylsulfoxide (4 mL) were
mixed together. The mixture was stirred at 100°C for 9 hours
and was subsequently concentrated under reduced pressure. The
resulting residue was purified by silica gel column
chromatography (eluant: dichloromethane: methanol = 40:1). The
eluted yellow solid was recrystallized from ethanol to give 5-
amino-1l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl—-4-
fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
qgquinolinecarboxylic acid as yellow crystals (248 mg).
MS (FAB") m/z: 449 (MH")
Elemental analysis (%)
Calcd for CyoHoeFoN4O4: C; 58.92, H; 5.84, N; 12.49
Found: C; 58.60, H; 5.74, N; 12.39
[Example 38]
[0156]

Synthesis of 5-amino-l-cyclopropyl-7—-[(3S,4S)-3-
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0.031 0.963 0.125 0.053 0.063 0.963 0. 125 0.25 0.25 0.5 Example 9 '
0. 008 S. O. 003 0.016 0. 008 0.063

cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]-6—-fluoro-1, 4-

dihydro-8-methyl-4-oxo-3—-quinolinecarboxylic acid

Using 5—amino-l1-cyclopropyl-6, 7-difluoro-1,4-dihydro-8-
methyl-4-oxo-3—-quinolinecarboxylic (79.0 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (51.0 mg), the same
procedure was followed as in Example 36 to give 5—-amino-1-
cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-
quinolinecarboxylic acid as a yellow solid (9.6 mg).

MS (FAB") m/z: 433 (MH")

HRMS (ET)

Calcd for CyoHy7FoN4O3: 433.2051
Found: 433.2086

[Example 39]

[0157]

Synthesis of 5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

fluoro-1l-pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2—-

fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxo—-3—

qgquinolinecarboxylic acid

Using 5-amino-6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic) acid (240 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg), the same
procedure was followed as in Example 36 to give 5—-amino-7-

[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-
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S. aureus MR5867:1 1 in-resislani S. aureus S. aureus M316401: qu nal
one-res is taill S. aureus 10 INDUSTRIAL APPLICABILITY [0164] As
set forth, the novel
7-(3-cyclopropylaminomethyl-Ipyrrolidinyl)guinolonecarboxylic acid

derivatives of the 15 present inventign, salts rﬂ ydrates thereof serve
1 L TA g SN Rctoner A (AL G e aAIRRE. o O Mtosy-

drug-resistant bacteria t%at arfﬁless susceptible toecic}[nvenggrigl 8

4_o§<n?ibac%?féflageﬁ]t%?[?ﬁ %f% us, the pressenat iRvention prow%les ﬁ%%l mg) -

MS &Lﬂ%oionejgr.bgégﬂ& cid derivatives as an effective countermeasure

again tdi ug-resistant bacteria that are less susceptible to conventional

= 1ean§'et'r?9§@'al agents, C(L%A)IMS 1.A guinolonecarboxylic acid derivative

representé‘jcf1 ﬁy the
5 Calcd for C,HysF3N4O4: C; 56.65, H; 5.40, N; 12.01
Found: C; 56.63, H; 5.31, N; 11.84
[Example 40]
[0158]

Synthesis of 5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

10 fluoro-l-pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-

fluorocyclopropyl]-1,4-dihydro-8-methyl-4-oxo-3—

quinolinecarboxylic acid

Using 5—-amino-6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-1,4-dihydro-8-methyl-4-oxo-3-

15 quinolinecarboxylic acid (20.0 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (15.2 mg), the same
procedure was followed as in Example 36 to give 5-amino-7-
[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-
fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-8-methyl-4-

20 oxo-3-gquinolinecarboxylic acid as a yellow solid (9.6 mg).

MS (FAB") m/z:451 (MH")

HRMS (ET)

Calcd for CyyHyeF3N4O3: 451.1957
Found: 451.1996

25 [Example 41]
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following formula (1): 5 wherein R1 is an alkyl group that has 1 to 6
carbon atoms and may or may not be substituted with 1 or 2 or more
halogen atoms, a cycloalkyl group that has 3 to 6 carbon atoms and may
or may not be substituted with 1 or 2 or more halogen atoms, or an aryl or
% roaryl group that may or may not be 10 substituted with 1 or 2 or more
tituents that are each independently a halogen atom or an amino

gcrgug R2 |sfa;1yr%gsen %to 02 favmrg 1to

Tatom , or alkyl or alkoxyl

grou% BE]iat ha7s g rcgrk%or%fi\%)n]}so aqd may, %é’ may nPt l?? ststltuted

with Yor 2 of more amino groups, cyano groups or halogen atoms, or a

oo R 2 o L IS BB PEE, 527 ),
(3 f%‘)’gi%‘i'%‘i%%}?%% lcgqid detivative fepresentad by 4ag fqlioying formpia 4 g,
1,8-diazabicyclo[5.4.0]undec-7-ene (160 mg) and acetonitrile

(5 mL) were mixed together. The reaction mixture was stirred

at 80°C for 1 hour and was concentrated under reduced pressure.
The resulting residue was dissolved in dichloromethane (30 mL),
washed sequentially with water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (eluant: dichloromethane: acetone = 2:1

-> 1:1 -> dichloromethane: methanol = 10:1). The eluted pale
yellow solid was dissolved in ethanol (4 mL), followed by
addition of a 10% agqueous solution of sodium hydroxide (4 mL),
stirring at 60°C for 70 min, and concentration under reduced
pressure. The resulting residue was diluted with water (10 mL),
neutralized with 1mol/L hydrochloric acid (pH 7.5), and
extracted with dichloromethane (2 x 30 mL). The

dichloromethane extracts were combined, washed with saturated

brine, dried over anhydrous sodium sulfate, and concentrated

under reduced pressure. The resulting residue was purified by
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wherein R1 is an alkyl group that has 1 to 6 carbon atoms and may or
may not be substituted with 1 or 2 or more halogen 10 atoms, a cycloalkyl
group that has 3 to 6 carbon atoms and may or may not be substituted
with 1 or 2 or more halogen atoms, or an aryl that may or may not be
s1 £ bstiled with 2 or 2 or more helogen atoims; R2.is ahydrpgen atom; B3,
iSa >%erogen atom of ah amino grotip:'R4 fs a fiydrogen atom of a
alogen 15 atom; R5 is a fluoripe ; R6 is a hydrogen atom; and A is B
metm%%’gn a?ltoffiréJ bn;LCt-ﬁ, whére )172 if zggn%;/dérlo%en?am% ﬂﬂg géjé)ﬁ]rg omrlnl,néjrme@hyl
lkyl or alkoxyl group that has 1 ta 3 carbon atoms and may or not be
4_%u‘éﬁ%%&@%tﬁglooi?ﬁf%?ﬁgré#ﬁ%(%ueonrgta%s% oA et 4 The
. _COmpau drla ording to claim 3, wherein in the formula (1), Rljisa _ .
dlmceytf':?’o%%g%y %ir%ug Zg-ﬁﬁor%’cyclggpo}be%}ilé}:olu%%%ﬁﬁy%(r:oaur(pg%}%%ﬁlforggfh?/l s
whigﬁrgugfrs% s§lt th rggf.g § .The compound according to claim 3, wherein
in the formula fl), lis a%yclopropyl group, 2-fluorocyclopropyl group,

MS fﬁ%hgr%gzqu}zz-flh{%ﬁ;e)thyl group, and R4 is a fluorine atom, or a salt
ereof. 10

Elemental analysis (%)

Calcd for Cy1HoFoN403°0.5H,0: C; 58.73, H; 6.34, N; 13.05
Found: C; 58.83, H; 6.10, N; 13.00

[Example 42]

[0160]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-

pyrrolidinyl]-6-fluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-

oxo—-3—quinolinecarboxylic acid

Using ethyl 6, 7-difluoro-1,4-dihydro-1-(1,1-
dimethylethyl)-4-oxo-3-quinolinecarboxylate (309 mg) and
(3R, 4S) -3-cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg),
the same procedure was followed as in Example 40 to give 7-
[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-
fluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-0ox0-3—
quinolinecarboxylic acid as pale yellow crystals (91.3 mg).
MS (FAB") m/z:420 (MH")
Elemental analysis (%)
Calcd for C,;H,7F,N30O3: C; 62.99, H; 6.49, N; 10.02

Found: C; 63.31, H; 6.47, N; 9.95
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6. The compound according to claim 3, wherein in the formula (I), R1 is a
cyclopropyl group, 2-fluorocyclopropyl group, ethyl group or 2-fluoroethyl
group; R4 is a fluorine atom; and A is a nitrogen atom or =C-X, where X is
a hydrogen atom, 15 halogen atom, methoxy group, difluoromethoxy
[E}g?rgu or methyl group, or a salt thereof. 7. The compound according to
claim 3, wherein in the formula (), R1 is a 2-fluoroethyl group; R4 is a
fluorine atom; and A 20 is =C-X, where X is a hydrogen atom, halogen
(01 #P .
atom, methoxy group, difluoromethoxy group or methyl group, or a salt
syi{pgreot 8.he cqmpaund pecording tg claim 3. which fs selepted fiomihs

grotup-consistngof.

4_oi - 0 402—3-0€ycI89 Iftmcinomet yl-4-floro-1-pro|iy1]-
methox -3-9 ir,1 linecarbo _Iicra{:' ,uloor B _di 01— B
O ey oa Ao e A fubto bty

dim%@'ﬂ?;rféjc'ﬁ%'f5’9%’—%@%1'%’—4@9@{9ﬂofﬁéE%@BéX'ﬁ%’&Oé 3150.0 mg) and

guinolinecarboxylic acid,

(3Rgf'ﬁ@'PL%‘la%yéhoc%?%lzl%%%éﬁ?%%ﬁﬁ'QE’LW&%*P' Mmetyldrine (29.0 ng),

fluoro-1-pyrrolidiny1] ydro-4-oxo-3- 15°guinolinecarboxylic

£ hePCld,, s [(30.40)-3s6yclopropylaminomgthyd -4-flugtos fapyrrolidinydl-o s o 7-
6,8-difluoro-1-[(1R,20)-2-fluorocyclopropy1]-1,4-dihydro-4-

[ (X0 PuUNol S%@% 01864 nomerhy1-4-fFluoro-1- lidinyl]-
8-ch|oro-7-[(£? 40 -3-c%§/l%clopro€y?z;nr%ino%nethyl_i_lf?lfooro_l_%%rro idiny

6, dirokeiny1d-6-fluore;1-{(1R,20)-2-fluproeyclopromydsl.fy 4 —oxo-3-

dihydro-4-oxo-3-guinolinecarboxylic acid,

qui%@ﬂ%%‘!:‘ﬂ%%&&?ﬂ’%‘%E@QAQQ;'%Q@({F&OQ)Q@%QP sthyké- (25.1 mg) .
fluoro-1-pyrrolidiny1]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-

Ms @uirolinecarboxylis agid,) 25
5-amino-I-cyclopropy1-7-[(30,40)-3-cyclopropylaminomethyl-4-
HRMS (ET)
Calcd for C,H27F3N303: 438.2005
Found: 438.2015
[0162]
<Antibacterial activity>
<Test Example: Antibacterial activity in vitro>
The in-vitro antibacterial activity of the compound of
the present invention, as measured by the minimum inhibitory
concentration (MIC), was determined by the agar plate dilution
technique using Mueller-Hinton agar medium. The technique met

the criteria specified by the National Committee for Clinical

Laboratory Standard (1997) [NCCLS. Methods for Dilution
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fiuoro-1-pyrroiidiny11-6-fiuoro-1,4-dihydro-8-methy1-4-oxo-3-
guinoiinecarboxylic acid,
5-amino-7-[(30,40)-3-cyclopropylaminomethyl1-4-fluoro-1-
pyrrolidiny1]-6-fluoro-1-[(1R,20)-2-fluorocyclopropyl]-1,4- 5
dihydro-8-methaoxy-4-0x0-3-guinoiin carbox%jica id, ,

At RS E s 5 SR Rl a RO Beih FHRIGBiR that orow

rrolidiny1]-6-fluaro-1-[(1R,2S)-2-fluorocyclopropyl]-1.4- _
e ety L1 O3 b ind A BUAFGH A dalt trdidor YL
Vilgl' The com ourgd ac]gordlré%to clggré%éwhlc

his 1- .
cy%Po%Ygﬁy -?-I 30,4 ﬁﬁ-cycfoept?opylarﬁi%%n%?ﬁ;?fqﬂffh%réﬂq Enterococcus,

endFRHOYT0 uoro-1 & dinydro Simethyl 4,0x0;3%; guinolinecarboxylic,
acid, or a salt thereof, 18. the compounﬁ accoroqng {6 claim , W ich i

7-[(3S,49)-3- . o L
5 su e e AR SRR P8 ko The resules are
Shc{&}lﬂR,_.{2§)-12é%g8rq_cyg%%rvsapyl]-l,4-dihydro-4-oxo-8-methoxy-3-
guinolinecarboxylic acid, or a salt thereof. 11. The compound according
[Oltgé:iaim 1, which is 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1-pyrrolidiny1]-6-fluoro-1-(2-
[T Jﬂﬂgrole}hyl)-l,4-dihydro-_8-methoxy-4-oxo-_3_-guinolineparboxylic af:id, or
a salt thereof. 12. An antibacterial composition containing as an active
ingredient the compound according to claim 3 or a salt thereof.  13. An

T@BI@%@MR@@%B&&R@F@F%E@@ active 5 ingredient the
?ﬁ%ﬁﬁgMﬂd?EtUﬁhﬂTﬁﬁiﬂﬂykﬁb%ﬁpﬁancun

Example 1 Example 2 Example 3 Example 4 Example 5

S. aureus Smith 0.008 0.008 0.008 0.016 0.008
S. aureus MR5867 0.008 0.016 0.008 ¢.031 0.008
S, aureus MS16401 0.004 0.031 0.008 0. 063 0.016
S. pneumonige Type 1l =0.008 0.031 0.016 0.063 0.031
£, faecalis 11D682 0.063 0.125 0.125 0.5 0.125
Strains MIC (mg/nmL)

Example 8 Example 7 Example 8 Example 9
S. aureus Smilh 0.03t 0.031 0.031 =0.008
S, aureus MR5867 0.008 0.063 0.031 =0.008
S. agureus MS16401 0.063 0.125 0.063 0.016
S. pneumoniae Type I11  0.063 0.063 0.125 =0.008
E. faecalis T1D682 0.25 0.25 0.5 0.063
S. aureus MR5867: methicillin-resistant S. awreus
S. aureus MS16401: quinolone-resistant §. aureus

10
INDUSTRIAL APPLICABILITY
[0164]
As set forth, the novel 7-(3-cyclopropylaminomethyl-1-
pyrrolidinyl)qguinolonecarboxylic acid derivatives of the

15 present invention, salts and hydrates thereof serve as safe,
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14. An antibacterial composition containing as an active ingredient the
compound according to claim 5 or a salt thereof. 10 15.An antibacterial
composition containing as an active ingredient the compound according to
claim 6 or a salt thereof. 16.An antibacterial composition containing as an
active ingredient the. campound according to claipy 7 or a salt thereof, 1
S C R b SHION oA 5o B b eradenrit drus-
reSONIROUNG accOIdING o claim 8 or i‘%g ‘Q%%Sgém L3 AR 8”2%%%8%%'ional
composition containing as an active 20 Ingredie € compoun
a cordcing to Elaim 9 Qra salt thereof. 19. An antibacterial composition
antibacteria aggF S.. . . .
containing as an active ingredient the compound according to claim 10 or
[ 3It thereof. 25 20.An antibacterial composition containing as an active
ing

edient the compound according to claim 11 or a salt thereof.

Thus, the present invention provides novel
gquinolonecarboxylic acid derivatives as an effective
countermeasure against drug-resistant bacteria that are less

susceptible to conventional antibacterial agents.
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CLAIMS
1. A gquinolonecarboxylic acid derivative represented by the

following formula (I):

R3
COOR2

a8

PAN < (1)
R6 ﬁ/r/N A" N
R1

5 wherein R1 is an alkyl group that has 1 to 6 carbon atoms and
may or may not be substituted with 1 or 2 or more halogen
atoms, a cycloalkyl group that has 3 to 6 carbon atoms and may
or may not be substituted with 1 or 2 or more halogen atoms,
or an aryl or hetercaryl group that may or may not be

10 substituted with 1 or 2 or more substituents that are each
independently a halogen atom or an amino group; R2 is a
hydrogen atom, an alkyl group having 1 to 3 carbon atoms or
pharmaceutically acceptable cation, R3 is a hydrogen atom, a
halogen atom, a hydroxyl group, an amino group or an alkyl

15 group having 1 to 3 carbon atoms; R4 is a hydrogen atom or a
halogen atom; R5 is a fluorine atom; R6 is a hydrogen atom or
a fluorine atom; and A is a nitrogen atom or =C-X, where X is
a hydrogen atom, halogen atom, or alkyl or alkoxyl group that
has 1 to 3 carbon atoms and may or may not be substituted with

20 1 or 2 or more amino groups, cyano groups or halogen atoms, or

a salt thereof.
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2. An antibacterial composition containing as an active

ingredient the compound according to claim 1 or a salt thereof.

3. A quinolonecarboxylic acid derivative represented by the

following formula (I):

R3
R4/ COOR2
’}CX\ > l | (1)
R6 ﬁ/\QN A- N
R1

wherein R1 is an alkyl group that has 1 to 6 carbon atoms and
may or may not be substituted with 1 or 2 or more halogen
atoms, a cycloalkyl group that has 3 to 6 carbon atoms and may
or may not be substituted with 1 or 2 or more halogen atoms,
or an aryl that may or may not be substituted with 1 or 2 or
more halogen atoms; R2 is a hydrogen atom; R3 is a hydrogen
atom or an amino group; R4 is a hydrogen atom or a halogen
atom; R5 is a fluorine atom; R6 is a hydrogen atom; and A is a
nitrogen atom or =C-X, where X is a hydrogen atom, halogen
atom, or alkyl or alkoxyl group that has 1 to 3 carbon atoms
and may or may not be substituted with 1 or 2 or more halogen
atoms,

or a salt thereof.
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4. The compound according to claim 3, wherein in the formula
(I), R1 is a cyclopropyl group, 2-fluorocyclopropyl group,

ethyl group, or 2-fluoroethyl group, or a salt thereof.

5. The compound according to claim 3, wherein in the formula
(I), R1 is a cyclopropyl group, 2-fluorocyclopropyl group,
ethyl group or 2-fluoroethyl group, and R4 is a fluorine atom,

or a salt thereof.

6. The compound according to claim 3, wherein in the formula
(I), Rl is a cyclopropyl group, 2-fluorocyclopropyl group,
ethyl group or 2-fluoroethyl group; R4 is a fluorine atom; and
A is a nitrogen atom or =C-X, where X is a hydrogen atom,
halogen atom, methoxy group, difluoromethoxy group or methyl

group, or a salt thereof.

7. The compound according to claim 3, wherein in the formula
(I), R1 is a 2-fluoroethyl group; R4 is a fluorine atom; and A
is =C-X, where X is a hydrogen atom, halogen atom, methoxy
group, difluoromethoxy group or methyl group, or a salt

thereof.

118



10

15

20

25

8. The compound according to claim 1, which is selected from
the group consisting of:
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1, 4-dihydro-8-methyl-4-oxo-3-
guinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-8-
methoxy-3-guinolinecarboxylic acid,
7-1(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6-fluoro-1-(2-fluorocethyl)-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid,
8—chloro-1l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl—-4-
fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid,
7-1(35,4S)-3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6,8-difluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-
oxo—-3—quinolinecarboxylic acid,
8—chloro-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-
dihydro-4-oxo-3-quinolinecarboxylic acid,
5-amino-l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-
fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
gquinolinecarboxylic acid,

5-amino-l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl—-4-
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fluoro-l-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3—-
guinolinecarboxylic acid,
5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid,
5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-
dihydro-8-methyl-4-oxo-3—-quinolinecarboxylic acid,

or a salt thereof.

9. The compound according to claim 1, which is 1-
cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-

gquinolinecarboxylic acid, or a salt thereof.

10. The compound according to claim 1, which is 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-6-fluoro-1-
[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro—-4-oxo—-8-methoxy-3-

gquinolinecarboxylic acid, or a salt thereof.

11. The compound according to claim 1, which is 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-fluoro-1-(2-
fluorocethyl)-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic

acid, or a salt thereof.
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12. An antibacterial composition containing

ingredient the compound according to claim 3

13.

An antibacterial composition containing

ingredient the compound according to claim 4

14.

An antibacterial composition containing

ingredient the compound according to claim 5

15.

An antibacterial composition containing

ingredient the compound according to claim 6

16. An antibacterial composition containing

ingredient the compound according to claim 7
17. An antibacterial composition containing
ingredient the compound according to claim 8
18. An antibacterial composition containing
ingredient the compound according to claim 9
19. An antibacterial composition containing
ingredient the compound according to claim 10

thereof.
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20. An antibacterial composition containing as an active
ingredient the compound according to claim 11 or a salt

thereof.
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