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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-substituted-
3-cyc|opropylaminomethyl-I-pyrr%ﬁéi%%al}i%8&])necarboxylic acid

derivatives that fe ong. any j , Qut are
also effecZ\_/g aa_g%ar}?%%qé ﬁ?}%gﬁég%%ﬁéacteﬁg?gg&ﬁgé;@gﬂ;(—:-qptibIe
to con [ ibacteri e [ 0 to
Salts A oS OF Sch BSOS L S Jorhdleg, L L
C CKGROUND 15 [0002] Ever since the development of
TECnorﬁt?)%aﬁcirﬁks%%ﬁcam effort has been devoted worldwide to developing
inolone carboxylic acid-based antibacterial agents. These antibacterial
agents are now used as an effective cure for 20 infectious diseases.

[OOO%TT‘%rr%‘?s?e”%@”}er{%”%el8Rdrygif§§§£ar€oba§§e\!ieaz ACAING b st i tuted-
methicillin‘resistant Staph;ﬂococcus aureus (MRSA), penicillin-resistant

3-SHERIB %%%%Vfa’?ﬁ)%‘g%%@ a6 {PRSP) and 29V aneomyaintesistant 1 oxy1ic
enterococci’ (VRE), poses a serious threat 1

acid derivatives that are not only safe and strong

antibacterial agents, 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 guinolonecarboxylic 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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to the treatment of infectious diseases. Most of these drug- resistant
bacteria are gram-positive bacteria, which are less susceptible to
traditional quinolonecarboxylic acid-based antibacterial agents.
Apparently, these antibacterial agents 5 can no longer serve as an

o Sifective countermeasure to gram: positive drug-resistant bacterja, The
increase n the ‘occurrence o qumorcbne-re&s?anst Stap%yi%coccus adareu

(QRSA) resistant to quinolonecarboxylic acid-based antibacterial . agents
£t A T 6 T FSAMBRL o ICEGU L6 HRAckl fobd - Lo%°

While certain, quinolonecarboxylic acid derivatives havi .
Su§£8§§lgﬁe #% traa % X f necaék:x%ﬁagoﬁﬁéﬂﬁggﬁﬁg
ta

t %rug—

opropylaminomethyl-1-pyrrolidinyl group are kno

antibacterial ilctivit fthesg comlpoungs 15 _against dr gyresi
A I by oD Ll 5 HoMs e Saroyof T tbr

nt
C eréal agents
compounds

aterg;[ Documenet% 1 and 2)a Noe%uedigg,L have repocrted the sl%;nth sis and

(P
carn, no . longe S ve S ve cQuntermeasuyre O ram—
the bi ogl%a[ractlwty of ¢ qumglonecar oxylic acid derivatives aving 47

po Sgé’lsgtéﬂ%‘%'@'g’%osm opvaminomethyl L pyrrolidinyl group,. 20 _[L%Oo%ﬁ
(0]

atent Document 1] Japanese Patent Laid-Open Publication No.

oc A OLA0R [’ e%h'?%‘i@ﬁ@t-%]eg%@%t% Oé%!‘é%%%i%%o%'éleL%E’é{Fso'(:QRsm

THE INVENTION 25 PROBLEMS TO BE SOLVED BY THE INVENTION

reéﬁstant to guinolonecarboxylic acid-based antibacterial
agents poses another threat to the treatment of infectious
diseases.

[0004]

While certain gquinolonecarboxylic 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 W097/400

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION



[0006] Accordingly, it is an object of the present invention to provide novel
quinolonecarboxylic acid compounds that not only serve as safe, strong
antibacterial agents, but are also 5 effective against drug-resistant
bacteria that are less susceptible to conventional antibacterial agents.
[0094% NS FOR SOLVING THE PROBLEMS [0007] The
-(4-substituted-3-cyclopropylaminomethyl-1 10

pyrr%[igg:ngpg%\o{oneci;l{bolxgllic aci derivtati(\)/%s g{loevided bgt the present.

. an.opjec . resent Invention to
invention are sa?e ¥(5 use an eXIF\IbI s—ltrong anti acte]ﬁaFac IVity agains

©* RGP 20 VL [O00BT 1o THUS. (RE preshl g mion Camjoriias 717

1%K¥hl}8, tﬁé: prese%IPl?nov%% 10N comprises

ce t\k}e foallsov%igg:e 1) A 19%@{3'0”% arboxylic Pcidlderivative regre segteed bﬁthe
%oﬁowing gene’ralsformuI% (?): lOé%@%ﬁ% 0 R4 FEOORZ RB=N AT N ??)

5 erfRefLz0 dLOOalPJI fwherein R1Lis ap,alkyl %Sg%%éhrafaﬁ‘aéhla@ 6 carbpn,
atoms an ?nay or may n%t be su%stltute with 1 or 2 or more]ﬂalogen 3
susceptible to conventional antibacterial agents.
MEANS FOR SOLVING THE PROBLEMS
[0007]
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, 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 O
R4 COOR,
A\ A (D)
R5
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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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
heteroaryl group that may or may not be substituted with 1 or 2 or more
substituents that are each 5 independently a halogen atom or an amino

group; R2 isé Toh)‘/h rogen atom, gg&gltkykllggoug r%%vi%g % tog carbgn atoms,

t d
=AY pharmadeuticanyacceptable cation, oF a functional Group ‘acceptable™ e MY

or 35,3 Prodrug, Rg’digth%’g& e %to{“u.alha"’g%” atom,, 2 hydroxyl group, .,
an amino group or an alkyl group having £'fo 103 carbon atoms, R4 is'a

hydrogen atom or a halogen atom: R5 js_an alkyl group having.1 to 3
o g lorne, SHSTSAEN SO A TorBTTAtR G1atp Br 3 firine

~urfleTy RO.Is 3, hydrogen atom.or 4 flugrine, alom; ad Als anitrogen alom,,
or =C- ?Where is a hydrogen atom, halogen atom, or alkyl or

. O{ilkoxryl group that Qa 1to3c%rbon atoms and.may or may. not, be
independ D%VVY a ago?en atom Oor an amino roupg;, iLS a
substituted with 1 or 2 or more amino groups, cyano groups or halogen

hyg‘%8mé°'-r?)’a%”dms,a_"asma'}ﬁiE\ﬁzqorzgerso@f?q%k%}qgh% compoupd C&%?rdai]rt‘%%, a

above, wherein in the eneral formula™(l), R1 is a cyclopropyl group,

- yeC yl thyl gr . 2-fluorgethyl %504 rou
phafzrrﬁﬁ’gé%% Prep gg%@&%me@ 85{9;]%5, et gﬁgs%gnéﬂy&ra?es D

uorophenyl group or 2,4-difluorophenyl group, and

acctgg@'ﬁg'l@ Talge %0@9%%890%%“”%0 <‘}) ?1‘98%%@%@”&@0@9}*‘% %?alogen atom,
general formula (1), R1 is acyclopropyl group, 2 4

a hydroxyl group, an amino group or an alkyl group having 1 to
3 carbon 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-fluorocethyl 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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fluorocyclopropyl group, ethyl group, 2-fluoroethyl group, 4- fluorophenyl
group or 2,4-difluorophenyl group, and R4 is a hydrogen atom or a
fluorine atom, and salts and hydrates thereof. 5 4) The compound
according to 1) above, wherein in the general formula (1), R1 is a

cyclopropyl group,_.2- fluorocyclopropyl group, ethyl group, 2-fluoroethyl ~
L I BN 5700 oF B3 SR lonh o URERR 104, O%bup, 4

hydrogen atom or a fluorine afom; and A is a nitrogen atom or 10 =C-X
SRERS St A R i bt A

ifluoromethoxy group or methyl group), and salts and hydrates thereof. 5)
hyd?%oqugmﬁgﬁrrwnd %%cgrdlf(r)\lgut%rf)xaebo%%SMerein in the general formula (1),

R1 isa%gyclo!gjéosoyélg&o#g%g %:Stg%orgﬁggggrfopyl group, ethyl group,
p

2-fluoroethsy€f group, 4- oj enyl group or Z,4-difluorophenyl group; R4
4) is a JPMdrocqen atomdor a quorCipe atQCmO; Fﬁ isa% fluorine .atom or a. mettmél

ompoUu 1h ove,  wherein in
group; R6 s a%yd?ogen atom or a fluoriné atom; ahd A'is a nitrogen atom

or =C-X(where X is-a hydrogen atom, 20 halogen, atom, methgxy group,
I l?gro;fn%eﬁ g)?yagrgljp’or%r?et §’/I %réﬁﬁ?gﬁé Cs%ﬁsl aﬁé%%lfatgs thereof.

£1. Q)AL Bti%cé%%%) 139&9588?@@3%% 95@0%%\/%'&@%9@56 FPMRANE, 4
according to 1) to 5) above or a salt or a 25 hydrate thereof. 5

fluorophenyl group or 2,4-difluorophenyl group; R4 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.
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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[0011] With regard to the general formula (1), the term "pharmaceutically
acceptable cation" refers to sodium ion, potassium ion, magnesium ion,
calcium ion and ammonium ion, 5 and the term "functional group
acceptable as a prodrug” refers to pivaloyloxymethyl group,
alceioxymethyl group, phthalidinyl group, indanyl group, methoxymethyl
gro p and 5-methyl-2-oxo- 1,3-dioxolene-4-yl group. The term "halogen
ato ers to fluori hIorlne bro ne.and iqdine..10 [O 12] The term
"alky gr%hp hg{/afﬁég 1%0 6 carbg rrr?é ?fe &rs 10 ethyjf groghp propyrf1

._.aroup, 2-p ap oup, b royp, 2 utyl rou 1- dlmeth Ieth |
p%r%ﬁ%%&n yl%’lrg% é x%%%g%roup aEIth \épq %:t)ilgalky?g%upl#avmg 3

[0 6 carbon atoms" 15 refers to.c clopro rou clob tyl grou
cycfopentyjl group pAnd cyc%?wex%@roup%h% terEm alﬁflll gr%ﬂ%%a%}ﬁr& f ors

carbon atpms" refers t meth rQ roup Prop
amg B%opyj%arr&p,% c%copr%p groﬁ 51{ l%rm aﬁ<oxy gro% %aw refers
QBN%%§ oatométkef%rs o methoxy groy mth%th_?X Qroﬁ? %I%Xa}’lldmyl
roup, >f)r gro and- clopropy grou The ter group

grorS]ED rs{%BQﬁ% g%&%ﬁ%@%ﬁ;@%@%ﬁ ﬁ; "'}?&e@ar%tg@ P%-oxo-

ers to pyridyl group, pyrimidinyl'group, pyra roup, pyri
1, rgup,thiazolyl group, and jmidazey grayp, 2?&%%%‘@‘%05&’&;; to

INVENTION 6

fluorine, chlorine, bromine and iodine.
[0012]

The term "alkyl group having 1 to 6 carbon atoms" refers
to ethyl group, propyl group, Z2-propyl group, butyl group, 2-
butyl group, 1,1-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 "hetercaryl group" refers
to pyridyl group, pyrimidinyl group, pyradinyl group,
pyridadinyl group, thiazolyl group, and imidazoyl group.

ADVANTAGE OF THE INVENTION
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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 MRSA, PRSP and VRE. BEST
[00'\49 E FOR CARRYING OUT THE INVENTION [0014] Examples of the
guinolonecarboxylic acid derivatives 10 represented by the

above-described general formula (1) include . :
1-cyc oSro%@WQﬁégiS?-é-ct%?o ré)pe)y Sr%%n&rﬁé’ﬁn%ﬁfbo?gﬁreSe“ted by the

rralidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-o0xo-3- quinolinecarboxyli
o By T s A S e pr o Ry Ao, 15 e to

yrrolidiny]]-1,4-dihydro-8-methaxy-4-0x0-3- quinglinecarboxylic acid,
EERC L S el s kil bt SRy
o Prolidinyl]-6-flugro-8-difluoromethoxy-1,4-dihydro-4-0xo-3-

i) ria, in Bartlcu rug-reésistant bacteria such
guinolinecarboxylic acid, 2

s %ﬁ%c%%prgﬁ%g%@&,%ﬁ%—&cyclopropylaminomethyl-4-f|uoro-|-

pyrrolidi ifluoromethoxy-1,4-dihydro-4-oxo-3- quinolinecarboxylic

BEsaici%?BEy ORrOPY kLY RRS Gy CloproRylaRAamgthyl-4-methyl-l-
pyrrolidinyl-6-tluoro-1,4-dihydro-8-methoxy-4-o0xo0-3- 25

[0 dqlLﬂr]olinecarboxylic acid, 7

Examples of the quinolonecarboxylic acid derivatives
represented by the above-described general formula (I) include
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-—
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
gquinolinecarboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl—-4-fluoro—-1-
pyrrolidinyl]-1,4-dihydro-8-methoxy-4-oxo—-3—
guinolinecarboxylic acid,
l-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro—-1-—
pyrrolidinyl]-6-fluoro-8-difluoromethoxy-1,4-dihydro-4-oxo-3-
gquinolinecarboxylic 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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1-cyclopropyl-7-(trans-3-cyclopropylaminomethyl-4-
trifluoromethyl-1-pyrrolidinyl-6-fluoro-1,4-dihydro-8-methoxy-
4-0x0-3-quinolinecarboxylic acid,
1-cyclopropyl-7-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-1 5
_ pyrrolidinyl]-1,4-dihydro-8-methoxy-4-0x0-3- quinolinecarboxylic acid,
i B A S B S A e
Jyrrolidinyl]-1,4-dinydro-8-methoxy-4-o0xo-3- quinolinecarboxylic acid, 10 B
R Y S RS 5oy o Sy B SRy i 828R e oy
__pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3- quinolinecarboxylic
: a%lad,&l- é{:]]88&)%)%9%@%’25?}%%%%}3@6pylaminomethyl-4-f|uoro-|-
_ pyrrolidinyl]-6-fluorp-1,4-dihydrg-8-methyl-4-0x0-3- 15 quinolinecarboxylic . .
G AN R R e e e e
6-flugro-I-[(1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-0xo-8-
Py it e Eeng apiqe oy LS
-[(35,45)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]- 20
T uér%?l-[?er,Zg-zl-fﬁjgroéyélopropyl]-&difluoromethoxy-

1‘#%%%’419&%@ﬂ?%ge—c?ﬂ%%?%%ﬁ%yﬁam omethyl-4-methyl-1-

-cyclopropylaminomet -pyrrolidinyl]-

py:EDYQIR IR 25) 2 fusrorydoprapyllt. 4 linydigd-go-8-

methyl-3-quinolinecarboxylic acid,

qu i%g%%@ﬁ—k%gg@riogy(gaéqigpmethyl-4-f|uoro-|-pyrrolidinyl]- 8

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

7-1(3S,4S) -3-cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-
6—-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-8-difluoromethoxy-
1,4-dihydro-4-oxo-3-gquinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-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-1l-pyrrolidinyl]—-
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1-[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-8-methoxy-3-
quinolinecarboxylic acid,
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-
1-ethyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3- 5 quinolinecarboxylic

1o [gé:#% YE( S,45)13-¢ clogroz}ootlairrgg}grlogetwl -4- gu%rg %_rro_hg;{(yl]g methoxy—3-

Gorozl! (2 quoroe me‘[hoxy
uqolmecar acid
cyélopropy 27- %/ ER)I’I% cyclopropylaminomethyl-4-methyl-I- 10

I 6 fl 1,4-dih d -8- th -4- 3 I b
- %"1 oy R I S LA -
1 eoc)hroildléwyg -6- fluoro 1,4- %&é thoxx}4 0XO0- 3 q(um%hnecarboxyllc

acid, , 15°1- cycloprop cyc opropyl%\mlnomethyl 4-methyl-I-
qul rroildln % quorﬁ -1,4-dihydro- 8 -methoxy-4-o0xo-3- quinolinecarboxylic
aci fcyc oprop ‘}T(Bahil §-3-cyclopropylaminomethyl-4-methyl-I-

7- [gﬁ%%lllg\%ggr -qu éo%hxdrﬁl%@fég%)%é?xgl%ozroo l-pyrrolidinyl]-

6- 51g§§o4ﬁ)§§y%'§’ é’é%? efthyl-: %%‘%}%éi’é’r%g%ﬂyq—oxo—&

uoro-I-[(1R,2S)-2-fluorocyc opropyl] 1,4-dihydro-8-

qu l'HStPP%X A xes3:Auinolinecarboxylic acid,
-[(35,4S)-3-cyclopropylaminomethyl-4-methyl-I-pyrrolidinyl] 25

1 —c@g‘i%’ﬂoﬁ&%@ 29)-2rHuoregycloprapyll 1,4 diydro-8: et hy1-4-methyl-1-

pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid,
l-cyclopropyl-7-[(3S5,4S)-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
guinolinecarboxylic acid,
l-cyclopropyl-7-[ (3R, 4S)-3-cyclopropylaminomethyl-4-methyl-1-
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-
gquinolinecarboxylic acid,

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

-[(3S,4S)-3-cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-

6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-8-
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methoxy-4-o0xo-3-quinolinecarboxylic acid,
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-
1-ethyl-6-fluoro-1,4-dihydro-4-oxo-3-quinoline carboxylic acid,
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl] 5

-ethyl-6,8-diflugro-1,4-dihydro-4-gxo-3-quinolinecarboxylic acid,
e A 4y 0PIy ARGty tolcinyl.
_ 6-fluorp:-I-(2-fluoroethyl)-1,4-dihydro-4-oxo-3- quinolinecarboxylic acid, 10 B
REEUEEa e e e i e S
_6,8-djfluora-|-(2-fluoroethyl)-1,4-dihydro-4-ox9-3- quinolinecarboxylic acid, .
= S A eory ROt 4 oo Loy m A, e % acia,

_ 6-fluorp:l:(2,4-difluorophenyl)-1.4-dihydro-4-0x0-1,8- 15 s B
7 ﬁg%%ﬂgﬁm"%}gzgﬁgg%ﬁﬁiiiﬁlnoﬁé 8;& ﬁ %luoro l-pyrrolidinyl]

_ 1-[(3$,4S):3- (}: ropylaminomethyl-4-flyoro-I-pyrrolidinyl]- . .
B2 Py b G e e i e RBTE e
cf’}?id’ 1-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I- 20
pytrolidinyl]-6-fluoro-1,4-dinydro-4-oxo-1,8-naphthyridine-3- carboxylic

7- o0 I EXC—'%Q?% h‘Z%l@%é%{%i‘%’%&%%@%‘iﬂﬂ%ﬂﬂé{ '—"]li—fk's'%%!sl idinyl]-
pyrrolidinyl]-6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic™ acid, 25
6 £ G¥GBPrEPYL 74E3R,43) 3¢y clopronylaminamethyl-4fiyoro-1- 10
guinolinecarboxylic acid,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-
6,8-difluoro-1-(2-fluoroethyl)-1,4-dihydro-4-oxo-3-
gquinolinecarboxylic acid,
7-1(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,
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-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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pyrrolidinyl]-6,8-difluoro-1,4-dihydro-4-oxo-3- quinolinecarboxylic acid,
8-chloro-I-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-
fluoro-1-pyrrolidinyl]-6-fluoro-1,4-dihydro-4-oxo-3- 5 quinolinecarboxylic
acid, 7- [(38 4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-

6-flygr R,2S)-2-fluaroc cloprop []-1,4-dihydr 4oxo_- ~
py%QEnacg ;lnhlng gccgrgrc])?(y i€ Acid, s hycﬂyo RESE
3-Cc yIamlnomethyI -4-fluoro-I-pyrrolidinyl] 10
uoro |°{‘?f|5é’§5?21 uorocyélopropyl] 1,4-dihydro-4-oxo-3-
g_ uE(nollne arbo lic acid

§74s)-3-¢yc oBrop@Yarﬁ%o%ghyl4ff|aor6ﬁycylrp HaRpLeminomethyl-4-
6 8 df | | | ]-1,4-dih -4-
Sos. ;S]igr?orhneca %oxyyllc did %C QRIORY L &MY ox0-3-

acid
8 chloro 7 S 482 -3-cyclapropylaminomethyl-4-fluoro-I-
1
ulpny(?rm |ny Goro- ﬁ(f}% é) 2-fluorocyclopropyl]-1,4-

—@f%%ﬁ.?osﬁ-zéao (ISR chorggaggyrorsainyi) -
6— QLR qwr@hﬁmyﬂﬁ flyotor 1 4-Aibydro-8-methoxy-4-0X0331,28% o4 —oxo-
quinolinecarboxyfic

1, & ﬁ%%%%%@@?@%@@%é%% iGyclopropylaminomethyl-4-
fluoro-1-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methyl-4-oxo-3-

- @&@Olwga@%&ygﬁ 'Po ylaminomethyl-4-fluoro-l-pyrrolidinyl]-
amino-7-[(3S,4S)-3-cyc opropylamlnomethyl -4-fluoro-I- 25
6 - PYErolidinyll-6-fleorecy[(BR,25) - Z-flugroeyclopapyl-14-4 11 1y dro-4-oxo-3-
guinolinecarboxylic acid,
-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-pyrrolidinyl]-
6,8-difluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]l-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



dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid,
5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-1,4-
dihydro-8-methyl-4-oxo-3-quinolinecarboxylic acid, 5

. 7-[(3S,4S)-3-cyclopropylamingmethyl-4-fluoro-I-pyrrolidinyl]- .
L i RSB Py T acia,
naphthyridine-3-carboxylic acid, .
5 B oy oS A Luoro-1-

o RSO (L SImethyetl e 10 aunclnesarbgl

acid, S)-3-cyclopropylaminohiethyl4-flicro- i

..6,8-diflypro-1,4-djhydro-1-(1,1-dimethylethyl)-4-0x0-3- quinolingcarboxylic
e S A Ry chates hareot[0OTS] A5 5R8 oty

mﬁ xg e a$ ,
id, and salts esth ne exemplary process
5 7- 4‘?58","&‘?—5‘9—‘@2&@ dr%gp”dl%f th%i'”"ﬁﬁ“%“— lepresented Pqul?té/hd% Egoefh?éﬁ'nyl ] -
ormula (1) is describ ow% %O]e compound represe y the
H . * 1
6-4 ﬂ”%"%‘é‘g geperahformula, 2Q {IN) - [001 L1 RS AR, (GOPRIRIIAL AN
(I R1 12
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-
10 guinolinecarboxylic acid,
7-1(3S,4S) -3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]—
6,8-difluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-oxo-3-
gquinolinecarboxylic acid, and salts and hydrates thereof.
[0015]
15 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

20 (ITI)
[0017]
R3
R4 COOR,
S I l (ID
R7 A w
R1

12



[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 atom, an 5 alkyl group having 1
to 6 carbon atoms, benzyl group or a moiety represented by the following
[0(%6 eral formula (1l1): [0019] R9 -6 (lll) R10 [0020] 10 (wherein R9 and
are each independently a fluorine atom or a lower alkylcarbonyloxy

roup?rli eacted with a compound represented hy the followi enera

o T o1 e r (0 R AR S B G o e e S oo the
are fined.with reference to the .general formula (I); and R11lis.a .

T e oy R arsio . Bforine,
buthoxycarbony! grou r an acid-additi It.thereaf. If 20 necessary,

SR Al Sl it i U AL e LR

5 andiAmdhe fesuling product to give the, dlesired compound 130, o or &

moiety represented by the following general formula (III):

[0019]

RO
—B ()
R10
[0020]
10 (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” ‘r;l/\p"‘” (IV)
R11.J
15 [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. 1If
20 necessary, the boron chelate, ester or the nitrogen-protecting
group may be removed from the resulting product to give the

desired compound.

13
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[0023] The reaction of the compound of the general formula (II) with the
compound of the general formula (1V) is carried out in the absence or
presence of a solvent and in the presence of 5 an acid receptor agent.
Examples of the solvent are alcohols, acetonitrile, dimethylsulfoxide,
[Ool\i’ -dimethylformamide, N,N- dimethylacetamide, N-methylpyrrolidone,
tetrahydrofuran, dioxane, benzene, and toluene. Examples of the acid

recentor adent are carbonales or picarhonates ot alkalimefals apd 49, . (11,
alkaline earth metals and basic organic compounds such as

. triethylamine, diazabicyclp-7-undecene a ridine. reaction is.
1 ichly BAlTROBUT AT GHpeTLre B 06 Iempelatife f 2008 gt

in RURErablY )l g lemperalure of 250 10 150G, and comes fo gpendind . o
time penod of 30 minto 48 15 hours, Typically in a ime period of 30 min o

15 haours, [0024] If desir d,thE com oundstre esenteldb he generfll hol
an e e N S 98 Rbonon,

acdiauples of sugh salts are salts tormed with 20 inorganic acids such.as ¢ _
droc , d P alts

y oric acid, sulfuric acid and” phodsphoric acid, s ormed wit

dirfd Q%E}ifa%%clsa%g%‘e"i‘s @%@993%&'80 I6 acig., jactic acid, oxaliGacid,and

acetic acid, and salts formed wi lum, potassium, magnesium,

a1 SAlGlum, baéH’E‘é?%T)’ 1%4‘%{5* . GNQmIUM, £0DA1ICOPPSE 19N ZING: @9receptor

platinum and silver.

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



[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,
(0 [%:%gnent, injection, syrups, solutions, eyedrops and suppositories. [0026]
compounds of the present invention and the salts 10 thereof may

have ultiple optcal isomers with two ot more asymmetric carponalams,
and all of suc othlcaI ISOmMers an lastereomers as well'as mixtures an

racemic mixtures.thereof .in a given ratio are encompassed by the
= UERch, 0271 15 Exaipies TEUE perored oh CarmpoUnieoer (g

Xxamp perrorme compounads of the

resent invention and ex lary.processes for producing. the compounds .
Rl howt 68 deschibed in Getail Wit referehce 16 exarmples. 0026 20 ' *°

e ail wit erence to examples.
5 cariigleeiee Example 4> Suthesis of Ugns S-cydpropyiaminometvid ooger,
met%yl%yrroﬁ&lne Srtep 1: trans-¥-Benz§/7l-£met yl-3-pyrrolidine car oxﬁlc
tab Cei(% 52,5 @a%dégl %Vg,s déaancl\rﬁ%dni@,di%@llgreocrg%tggpeégg%l‘s)j% Eq%t]i‘r)ons ’
eyedrops and suppositories.
[0026]
The compounds of the present invention and the salts
10 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]
15 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]

20 <Reference Example 1>

Synthesis of trans-3-cyclopropylaminomethyl-4-

methylpyrrolidine

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

25 (4.04 g) was dissolved in dichloromethane (50 mL). To this

15
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solution, 1,1'-carbonyl bis-IH-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, cyclopropylamine (1.53 mL) in dichloromethane (15
mL) was added dropwise and 5 the mixture was stirred at room

sorgmperature for 3 hours, Subsequenty, the reaction mdre yas washed,
with water; ‘dried over anhydrous sodium suitfate, and concentrated unaer

educed pressure. The residue was crystallized from a hexane/diisopropyl
e e, AcAe orJelA Word 10 Aot WERTGH G ot 1 Tk

hexane/diisopropyl ether mixture, and. dried under reduced pressure to .
i e e L e Byt amine

(1 BV O): MG BiLRIC Qﬁssy'\l’_@éa%m’ ZZnf L I00ERL R,

-I-éenzfﬂ- -cyclopropyl-4-m yrroaIi%Iine carboxa

en )33 fyspendeddp anhydrows 20 tetrafydiofurane (85 mly) To fhis o
suspension, a@liﬂ tetraﬁy ro?uran SOﬁJtiOﬂ cﬁ‘%orane-tetra%ydro uran -

complex (]'_58.8 ng S c{d.ed and thce mixture was refluxed.for 8 hours.
sulf &X P & 3 LeIaixed o LS.
- ést%q’fueqrdenﬁy, a%mo /L%qu%e%ﬁs%lofﬁti%ﬁeof%%aiuvgn ﬁygrox‘fq e (35mL)

ar i3 added Q%ﬂ;}%‘% ppgure, was relluxed ior 4 hows. 23 1061635100 ynder

mixture was then concentrated under reduced 16

reduced pressure. The residue was crystallized from a
hexane/diisopropyl ether mixture, and the crystals were
filtered, washed with a hexane/diisopropyl ether mixture, and
dried under reduced pressure to give trans-1-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
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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

o S tertbuidicarbonate (353 g) and stiring gt oo temperature or 4
ours. The mixture was then concentrated under reduce pressure an

the residue was Eurified by silica gel column chromatokgr%pwi(&exan :

" ethy ACetaE 2 AT > 17 f0 give 10 * 0 e Aaord PR aEer

trans-1-benzyl-3-[[(N-tert-butaxycarbaonyl-N-
e L I ROGEE . an6 s e hirads wder
Icd for

S(FAB\ m/z: 345( ) HRM (FAB\ 15 C ) :
re Qe L b N o S i e, ggogved i
. trans-1-Benzyl-3-[[(N-tert-hutoxycarbonyl-N 20 Lo . B
A R P RO b0 aig i ome s it

buéﬁﬂ?@%é%?r%%kéquﬁ%§0|Pogﬁésg%P?@%ﬁ?nhgag§$4%9g{ng%g@sre for
g ed and the mixture was stirred at room temperature for 6 hours under

e T e e R N
pré%%%ygg%ﬁgmkﬂg residue was purified by silica gel column
chromatography (hexane: ethyl acetate = 4:1 -> 1:1) to give
trans—-1l-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 Cp;H33N,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
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residue was then dried under reduced pressure to give trans-3-
[[(N-tert-butoxycarbonyl-N-cyclopropyl)amino]methyl]-4- methylpyrrolidine
as a pale brown oil (2.12 g). MS (FAB’) m/z: 255 (MH") 5 HRMS (FAB)
Calcd for C14H,7N,02(MH"): 255.2073; Found: 255.2079. [0031] Step 4:
10 trans-3-[[(N-tert-Butoxycarbqnyl-N- .
res&y%Po%ré”&y);tl\nl%li%]r%éth‘_\? -4%% ¥y|6ﬁ961fa*?r?e 67 3y Wast HisdoiRd if s>~
iIchloromethane (10 mL) . Whijle the solution was_chilled in an ice bath,
B Ro (8 ThEy Was LG8 R T A b A St Bt oo
e ggn%perartugel%)é gngo%rg. 15 Tgferegcr:t(i)%nnm(i)xt re \é/a% éherp concentrated
under Yedlce pressure.aTﬁDe resulting residuie V\Sas' fssolved in
t ydrof ra.n(? L) and the solution was allowed to stand at room
MS tzgn%gergtur?z or §Eo %ﬁfh’e resulting crystals were filtered, washed
ith tet ydrofuran, and dried under reduced 20 pressure to give 2.47 g
of trans-3-cyclopropylaminomethyl-4- methylpyrrolidine trifluoroaceate.
This salf (2.3 was, dissolved | (5 mL) and a 20% aqueous
calds sl (2 3 éé?ﬂ? e in water (5 mL |
@ s%ﬁ!utf%n of 0 |2(t;’1)trqn2 ﬁy( ro;}lde was added to adjust the solution to pH 14.
ou}t}g ixture yvas then extracte.d with o!iethyl ether (2 x 50 mL) and 25 the
iethyl ether [ayers were combined, dried over anhydrous 18

0031]

HR
F
[
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, trifluorcacetic 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
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sodium sulfate, and concentrated under reduced pressure. The resulting
residue was purified by distillation under reduced pressure to give
trans-3-cyclopropylaminomethyl-4 methylpyrrolidine (660 mg). 5 'H
NMR(CDC13): 5 0.30-0.37 (m, 2H), 0.41-0.45(m, 2H), 1.04(d, J = 6.3 Hz,

H), 1.6 -%.76§m, 4H), 2.08-2.13(m, 1H), 2.46(dd, J =7.3 Hz, 10.7 Hz,
SOC%—‘!%H%&( G°7= 3RS TR THT 2 83(6d, 63955 ff 7z Ry, The
2.80(dd,J=5,4Hz, 11.7 Hz, 1H), 3.10 (dd,.J =6.8 Hz,. 10.7Hz, 1H), 3.14
e S Eo R A ) Aottt Calitior " beed

C9Hﬁf8N2J;2CF3COOH: C; 40,84 H'15.27bN; ¥.33. Forhmgf.uc.lé .90, H;
preﬁilf, ﬁ; .%79@%%2} 5 gRefeCrgrclcéj %(a% ea%%)yn?hes\/s 0
(3R,4R)-3-cyclopraopylaminomethyl-4- methylpyrrolidine Step 1:
met(%f—%fl% -fﬁzﬁ%&in@tﬁyl-?ﬁyfrolidine carboxylic acid 20 (6.27 g) was
1 in dichlgromethane (250 . Ta,thjs suspension,
. cyclo%pggglsgrﬁin%e (@'%gamt% gic_l%f?ét%ﬁ@- OO_'hsl GRS 2, 1.040a, g
= @.l@egpg!ar?moprqpyg)é:g bogiimide fydrochlqyide,(12-2 @) were | 2.46
sequentially added and the mixtlre was stirred at room femperature or
7 huis: Sibsequenty the reaction tyixture 25 g wgsheghwih pater,

ied 0ver anhydrous sodium ‘sulfate,” 19
2.63(dd, J =6.3 Hz, 10.7 Hz, 1H), 2.80 (dd, J = 5.4 Hz, 11.7

dd, J
4

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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and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate: methanol = 10:1) to give
(3R,4R)-1-benzyl-N-cyclopropyl-4- methyl-3-pyrrolidine carboxamide (3.32
g) as white crystals. 5 MS (El) m/z: 258 (M"). Elemental analysis (%)

o Calcd for 16IE|2 N20: C; 74.3%1H; 3.58, N; 10.84 F%%nd: C; 7,4d46, H;
B.67N10. 725 0033 K0 step 2 UsingT°sure-  the residue was

3R,4R)-1-benzyl-N-cyclopropyl-4-methyl-3- pyrrolidine carboxamide (5,52
D1 e L DIGcRind e Tl S PSR O Rl Buit Exrig v+

e same proce t ence Example
to give (3R 4R)- 1-benzyl-3-[[(N-tert-hutoxycarbonyl-N 15 L
e oAy I b e e O CE 18 o) 8 L b
il. MS, (FABY) m/z; 345 (MH) HRMS (FAB") Calcd for .
e S SRB0AIH 50 D545 A0 Eovind: 345 2ods (003445 £ UGG -
( R)-1-benzyl-3-[[(N-tert-butoxycarbonyl-N-
M3 c@%ﬁépr%)ngﬁ)'an%i%g]rrg[le(qmyl]-&methylpyrrolidine (4.00 g), the 25 same

El eolﬁgg%%lireavyl%ayg%veg%a)s in Step 3 of Reference Example 20

Calcd for CigH,N,O: 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 C1Hj33N,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
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1 to give (3R,4R)-3-[[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]-4-methylpyrrolidine (2.88 g). MS (FAB’) m/z:
255 (MH") HRMS (FAB’) 5 Calcd for C14H,7N,02(MH"): 255.2073
Found: 255.2070. [0035] Step 4: Using

3R,4R)-3-[[(N-tert-b rb -N
t(:yc%p%pyg)ganﬁlgg ngt?l?I/C@q m%n ytIpyrrcglldX NS 78 g)’ $he “same

d foll 4 t
SRR R BPOy Rometty 4 OO (56 ) SHecifc

74.6( 648, methanol). 15 Elemental analy5|s (%) Calcd for
ns e s e oo g@ 40.84, H; 5.27, N: 7.33 Found: C; 40.73, H;

HR%ZQ g) Z 36. [0036] <Reference Example 3> 20 Synthesis of
f 3-cyclopropylaminomethyl-4- methylpyrrolidine Step 1: Using

Cal(§§ @J 1(@erﬁz¥k &h y -3- pé/grgllgstgfarboxyllc acid (14.5 g), the

same procedure Was owed as’in Step 1 of 25 Reference Example 2 to

rodive (35,4S)3-henzyl-N-cyclopropyl-4- 21

[0035]
Step 4:

Using (3R, 4R)-3-[[ (N-tert-butoxycarbonyl-N-
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 CoH;gN, *2CF3;COOH: C; 40.84, H; 5.27, N; 7.33
Found: C; 40.73, H; 5.26, N; 7.36.

[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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methyl-3-pyrrolidine carboxamide as pale brown crystals (6.33 g) MS (El)
m/z: 258 (M"). Elemental analysis (%) 5 Calcd for C16H2,N,O: 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-methyl-3- 10 pyrrolidine

arboxamide (6.13 q), the same procedure was follgwed as in Step 2 of
meé%%%ééigyé%%%ﬁeg%ﬁjaﬁg g iﬁbge as pale(£rown crység%s (6.33
1-benzyl-3-[[(N-tert-butoxycarbonyl-N-

9) ‘cyclopropyl)amino]methyl]-4-methylpyrrolidine (4.67 g) as a pale brown

o]} MS (FAB.),m/z:.345 (MH) HRMS (FAB") Calcd for
MS égﬁsﬁﬁ%}z( ‘):@4 2542 Found: 345.2547. [0038] 20 Step 3: Using

3S,4S)-1-benzyl-3-[[(N-fert-butoxycarbonyl-N-
Ele((%]/% (A)}Cpar‘)%pﬁflaaré%g rrLl[et yl]-4-methylpyrrolidine (4.47 g), the same

co ST DA 1 4 ol lercs il 11oohe
FouY§'orropy aminolmethyll-dsmeffylpysrolidine (3.05 g). 22

[0037]

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 Cp1H33N,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
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).

22
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MS (FAB') m/z: 255 (MH") HRMS (FAB") Calcd for C14H,7N,02(MH"):
255.2073 Found: 255.2075. 5 [0039] Step 4: Using
(3S,4S)-3-[[(N-tert-butoxycarbonyl-N-
cyclo%ropyl)am;ncl)]methyl]-4-methylpy;rolic]icine (2.85 Q), thle same
p re was ed as in Step 4 of Reference Example 10 1 to give
MS (ég,%ﬁsiﬁg/chop%é%gjla{j%%n&r’nethyl-4-methylpyrrolidine (1.21 g). Specific
R ta}_{?g'%;y.S(c = 0.62, methanol). Elemental analysis (%) Calcd for
9 2'2CF3COOH: C; 40.84, H; 5.27, N; 7.33 15 Found: C; 40.80, H;
5.18,N; 7.39. [0040] <Refere E le 4> Synthesis of
Calc?éB%yﬁélo%r‘bﬁﬁﬁ?n?n%%e&h’yl- %%neﬁ% pyrrolidine Step 1: 20
cis:I-Benzyl=3-hydroxy-4-methylpyrrolidine (6.81 g) was dissolved in
For |gﬁlor%§r§ét 3912% {70 mL) . While the solution was chilled in a dry
[Od'd% jacetone bath, triethylamine (5.21 mL) was added, followed by
ropwise addition of methanesulfonyl chloride (2.89 mL) and stirring for 1
JDouy.. Subsequently, 25 water (50 mL) was added and the mixture was
allowed to warm to 23

Using (3S,4S)-3-[[ (N-tert-butoxycarbonyl-N-

St

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 qg).

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

Elemental analysis (%)

Calcd for CoH;1gN,"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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room temperature. The dichloromethane layer was separated and the
aqueous layer was extracted with dichloromethane (50 mL). The
dichloromethane layers were combined, washed with water, dried over
anhydrous sodium sulfate and concentrated under 5 reduced pressure.
The resulting residue was dissolved in_acetonitrile (180 mL) . To this
o T T R am R S5 S oS B W St o e rated and
the" %‘%SPV&%S Eeé'g‘é(%d &%(;J e%°t“rr%c%%%ﬁ%ﬁg§”“¥rf£'§f 8%%t}n°e}ﬁl‘éxr§‘ére B85 mL) .
concentrated under reduced pressure and the résidue was dissolved in
rr SUAO acetate, (G00.mi ), This solution was washied with water.dried, . .,
OVer an yérous sodium suffate, and concentrated under reduice

arPressure. The res%unl%%gvast enrﬁ’ué'ﬂ‘f‘%ab esng:gop_ecl column

an SO oncentrated unde
rlc%rom\é?orgrapﬁ)}/ lexane: et ly\lacetate =171)to give cis-1- * - *

[-4-methyl-3- lidi itril b il (461 1509). IR.
wodfIRt ST L prjSrEsRLe S a4 O
ithium alumi ide (80%, 3,89.9) in_diethyl ether .
o NIR AT G 595,755 e B T

cySHTHRENEL AT PUERIn copbanilrie (e @) DAehykehet %o

mL) was added dropwise and the mixture was stirred at room

hod® Q‘Pe@%iig dof.L byt 25 fubsequently, a faturated qoueous solyliop.fe

sodium

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 mlL) 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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bicarbonate (8 mL) was carefully added dropwise while the reaction
mixture was chilled in an ice water bath. The reaction mixture was then
diluted with diethyl ether (100 mL) and the insoluble material was filtered
and was washed with 5 diethyl ether. The filtrate and the washings were

s Sombined ang,the rganic layer was poncerajed under reduced,
pressure. he “resu ting residue was pdrified Dy silicagel column

refomatonraphy (hexane: ety agetate = 1:1 2 ethyl acetate:, methanol =
.i) to - enzyl-ﬁ-me y-3]1rb [

give cis-I amlnometﬁylpyrrro dine as a pale

Il il (2.35g). 1H NMR(CDC13):50.94 (d,J=.7.3 Hz, 3 1.09-1.
re S T SEUEE T T Te SHA O 11 S ol B e by 4500 mL)
1H). 2.5 d,J=8.3Hz, 12.2 Hz, 1H),.2.82 (dd, J=5.9 H 2.2 H
and[bidh BRI L Rt BE A2 e DI AR S s st Wy
. Cis-I- |-4- [-3-ami thyl lidi 1Q00 di d
L ) s CloafYBled ana

tnlathoenzaldenyde (9.50 ml) wasadded, dropyise and the mixture was. = 7p,¢
stirred at room temperature for 1 hour. Subsequently, sodium

re SYAPORGroYAride (184, Q‘%ﬂ%sf%‘%%?%fngf (‘]? ﬁix%§ was, sfipred at

room temperature for 1.5 hours, followed by addition of a second portion

chrg%ﬁggmééh%yafoﬂ@%%@”g%}(%3 medanddhen fugher stting forR-3 ate :

methanol = 10:1) to give cis-1l-benzyl-4-methyl-3-
aminomethylpyrrolidine as a pale yellow oil (2.35 qg).
'"H NMR(CDC1l3): & 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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hours. To the resulting mixture, a 2mol/L aqueous solution of sodium
hydroxide (5 mL) was added and the mixture was refluxed for 2 hours.
Subsequently, the reaction mixture was concentrated under reduced
pressure and the residue was 5 extracted with toluene (2 x 30 mL) The

toluene layers were combined, washed with water, dried over anhydrous
obium SUTE, 518 CoRCRrALGA TR rEHeBe B aifes THe rREhitGC™ %

sodSoue Was g“@.fé‘?dé%y r%'ﬁ'i‘?adgslsc%'%‘é‘d chromatography, (hexane: eyl 1 uxea
tate= 4145 1 giv 1

ho

acetate 0] cis-
b I-3-benzylaminomethyl-4-methylpyrrolidine as a.pale yellow oil (690
A B G S e s e
294.2096 15 Found: 294.2110. [0043] Step 4: .
cor L O R e e eBo iy e
diss

Ilved in.methanol (7 mL) Jo this.solutjon, malecular _sieves 3A
= L T b BL A Es dho wore

corfGrL) %ng%’gi“wm tWaﬁQPQQQhV%iQS44%%&9)51"}’1%%%%%9 ndithe,

mixture was refluxed for 4 hours.’ Subsequently, the insoluble material in

sulb§ ii‘t“a(?lgf‘]/?éofﬂ@é%@?gg %O“A’éé ed.with methanol, The 25 filtrate
and the washings were combined and the organic layer 26

resulting residue was purified by silica gel column

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

benzyl-3-benzylaminomethyl-4-methylpyrrolidine as a pale

yellow oil (690 mg) .

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

HRMS (EI)

Calcd for CoHzeN, (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)oxyltrimethylsilane (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
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was concentrated under reduced pressure. To the resulting residue,
water (5 mL) was added followed by a 2mol/L aqueous solution of sodium
hydroxide to make the mixture basic and then the mixture was extracted
with toluene (2 x 50 mL). The 5 toluene layers were combined, washed

with watertdri%d gver C?nhydrocuils so(glium sulfate, and conc entrated Ender
a5 eH00ET bréssire. ThE Fésuifig fesidde Was purified By Silica §&r Coluniiy

o= SRRy (I iyl scgtate 2 4UOANE, - 2011 aquecs

cis-1-benz N-cyclopropyl)aminome

methylpyrrolidine .as a colorless oil (648 mq). El).m/z: 334 (M").
oo R A CH BF OBt oRAR § S 3 2505 Bolid S Hi i nd
0044]_Step 5: cis-I-Benzyl-3-(N-benzyl-N-cyclopropyl)amjnomethyl-4
the[r%efhy pyrprloﬁ |lﬁree(6%85mg v%gé %Fs%%lv\xclaﬁﬁlr} e%ﬁaﬁ)ﬁloﬁorxf)o K%_). %H:hllnsm - The

tolsé’e“%}'eog_ déoé/"rBa”aed%‘émc%arE on (300 m”ﬂgqéﬁé‘g Cﬂ%rgf%k 20 007 mb) e v
were a and %e mixture was sfirred at 50C for 7 hours uhder a

anifdiogen respiie 0139105 o, The catalyst-inthe, mix

1% U g¥e¥gg%ced
washed wi anol. The filtrate and the washings were

pr&ompined and.the argapic jayer, wag, congentrated.ynder r%‘}“%elﬁica gel

pressure. To the resulting 25 residue, water (2' mL) was added followed by

cofﬁ%moythW§988£%£hy (hexane: ethyl acetate = 4:1) to give
cis-1-benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4-
methylpyrrolidine as a colorless oil (648 mqg).
MS (EI) m/z: 334 (M).
HRMS (EI)
Calcd for Cy3H3N, (M) : 334.2409
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 aqueous
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solution of sodium hydroxide to make the mixture basic. The mixture was
then salted out with sodium chloride and was extracted with diethyl ether

(2 x 25 mL) . The diethyl ether layers were combined, dried over

anhydrous sodium sulfate, and 5 concentrated under reduced pressure.

The, resulting rgglloluI(;T was Lpurlfl d by silic %eltc[%)(leumn chroma%)%raphy The

SO L Ex&he: CthylCadetite 'Y 41 % Qichictofiethane: méthAnal < 1875 15 give
. _cis-3-cyclopropylaminomethyl-4-methylpyrrolidine a ale brown oil
ml%ﬁﬁn&ﬁ?‘{)o%%?cﬁlolrrg/%ﬂ%lg\nﬁl)%F?ﬁé[l(ﬁ?‘)]%;cgé%&e 25 ras
COHI9N,(MH"): 155.1548 Found:; 1 .1553,.[0045] 15 <Reference
* facmg:é 55" g}nt le%%s,%dzf Sﬁq,cj'ée)%-igclop%py%&ihor&&%yé&-e tﬁyl ether

methylpyrrolidine Step 1: ( R.4S<%-1-Benz I-3-hydroxy-4-methylpyrr Iifdine
12300 4 70 A e ShIcr e AR 0 ) OIS Ing SR 7

was chilled in a dry ice/acetone, bath, triethylami 3.06m %.Was added
o B B R e Snbraa T e PdEthue was

pursjl.:ifrji.neqif%gl naur, Sybsequently, m"}’latgﬁ]@%%g]c'%i"r%s %g%i&%&%hee: ethyl

S
mixture was aljfowe to'warm to 25 room temperature.

acedé%mgr():m%tb?ngla@f%%.so§%%&e&%qd n?eachanol = 10:1) to give
cis-3-cyclopropylaminomethyl-4-methylpyrrolidine as a pale
brown oil (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 g)
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

28



the aqueous layer was extracted with dichloromethane (40 mL). The
dichloromethane layers were combined, washed with water, dried over
anhydrous sodium sulfate and concentrated under reduced pressure. The
resulting residue was dissolved in N,N 5 dimethylformamide (120 mL),
followed by the addition of tetrabutylammonium cyanide (%.5 ) and
he R R (505 %] aP T ot BOE dor £ AOTHe R bEdhforty? ™) -
the .reaction mixture was concentrated under reduced pressure. .\Nater
T R TR A dod £ M et 1EMMAE St (16 T oo fine wag e
extracted with diethyl ether (2.x 200 '(ghe diethyl ether layers were
s AL Wi <SR ol DE=ied Boer S RE St e
re l%fa_gg, and concentra{%de under{%q%cedrpres(%ure. M-',_Qe r §idue was

ressure. resu sidue S Sssolved in N, N-
purﬁled%y Sifica gel column cﬁromatoarap%y exane: ethyl acetate =

o 2 L IR D 13 & 12 (5 <7 A . 42 fa,
=.8. 3 Hz 2.45-2. 2.60-2. m 2. d,
ce R B ST (2 Yer 2 T B8 T B

) Sal_rll)dl\@§( XP}/%gZQQ (MO)@C[OQéQ] %?ph%u %ng Subseguentl

(3R,4S)-1- enzyl-4-methyl-3-pyrroll inecarbonitrile 25 (3.20 g),¥ﬁe Egr%e
reéggﬁ%%”ﬁﬂ%%ﬁggowggz%%ﬁé%ﬁ@f%%%%?under reduced pressure.

Water (50 mL) was then added to the resulting residue and the

10 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

15 (3R,4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile as a brown
oil (3.32 g).
'"H NMR(CDCl;3): & 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, 1lH), 2.99 (dd, J

7.3 Hz, 9.3 Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.25-
20 7.35 (m, 5H).

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

[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
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Reference Example 4 to give (3S,4S)-1-benzyl-4-methyl-3-
aminomethylpyrrolidine (2.98 g). 1H NMR(CDC13): 5 0.94 (d, J = 7.3 Hz,
3H), 2.03 (dd, J = 7.3 Hz, 59.3 Hz, 1H), 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,

H), 2.97- 2H),,3.60 (5,2H), 7,22:7.33 (m, 5H). [004 3:10
Re sﬁ)ﬁg f@s%ﬂggenzyltﬁom%%hﬁB érznsi’hom t_hyl_pyrro ?ﬁlne (g‘ %%thg%) thé

amlsr%?n duge was oIIoweci ag én Sc}ep 3 of Reference Example 4 to
?fglé%f 4 6enz R %el%zylamlr(? methyl-4-methylpyrrolidine (3.49 g).
MS (El) m/z: 294 (M"). 15 HRMS (EI) Calcd for C20H26N2: 294.2096
Found: 294.2072. [0048] Step 4: 20 Using

g g\%ﬁﬁ§2}& EzzyéS b%;%zy\ﬁgmngmet I4 eth)él I’r0|édl %(3%$ %f)hg 7.3 Hz,

same procedire was ed as in tep fRe rénce Xam

b -35
3gI\}é‘te)é(nzy‘? )cjy?d%g%%)yﬁammomet%yll metll'lyl%oyrroho(lne (§H7)2 g§2g%\/lédd J
_ {FAB)YM/Z: 335 (MH) 3O HRMSLEN 4y 5 = 5.9 1z, 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 CyoHoeNo: 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 (MHY).
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Calcd for C23H31N2 (MH"): 335.2487 Found: 335.2503. [0049] 5 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
HR% R,45)-3-cyclopropylaminomethyl-4-methylpyrro|idine 10 (1.29 g). MS
INff2: 155 (MH") 'HRMS (CI') Calcd for C9H,9N2: 155.1548 Found:

155.1539. 15 [0050] <Refere E le 6> Synthesis of
Ca]@g,}%%-%ﬁ?c‘{ég%p)(/@m}nbn%étqﬁyé%%:n?ethylpyrrolidine Step 1: 20 Using
Fo u(§§54 )é%-pfgég-:%-hydroxy-4-methylpyrro|idine (4.62 g), the same

procedure was followed as in Step 1 of Reference Example 5 to give
[O(ﬁ@ 4R)-1-benzyl-4-methyl-3- pyrrolidinecarbonitrile (3.07 g). 1H

Mh(CDClS): 51.22(d,J=6.8 Hz, 3H), 2.13 (t, J =9.3 Hz, 25
5 Ste1H)52,.45-2.55 (m, 1H), 2.61-2.65 (m, 1H), 2.99 (dd, J = 6.8 Hz, 31 9.3 Hz,
fH), 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.27-7.34 (m,

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
10 (1.29 g).

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

Calcd for CoHi9Ny: 155.1548
Found: 155.1539.

15 [0050]

<Reference Example 6>

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

methylpyrrolidine

Step 1:

20 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,

25 1H),2.45-2.55 (m, 1H), 2.61-2.65 (m, 1H), 2.99 (dd, J = 6.8 Hz,
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5H) . [0051] Step 2: 5 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

(Em/z; 204 (M), 10 HRMS (EI) Calcd for C13H20N2(M") - 204. 1626
5. 43l 354 16 4.0[81()%2]5%&6%3: f%%singg' sr A 2 o,
5H)(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
[OO(E%ﬁR)-l-benzyl-B- benzylaminomethyl-4-methylpyrrolidine (1.20 g). MS
(EN'm/z: 294 (M"). 20 HRMS (EI) Calcd for C20H26N2: 294.2096 Found:
Ste29422.106. [0053] Step 4: 25 Using
(%S,4R)-1-benzy|-3-benzylaminomethyl-4- 32 methylpyrrolidine (1.40 g),

the%§g¥%g09§gy%§wgfjggyg§{§%—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 (EI)
Calcd for Ci3HzoNp(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 CyoHoeNo: 294.20906
Found: 294.2106.
[0053]
Step 4:

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

32



10

15

20

25

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
(FAB’) m/z: 335 (MH") HRMS (EI) Calcd for C23H31N2: 335.2487
Found: 335.2498. [0054] 10 Step 5: Using

3S4R -1-benzyl-3-(N-benzyl-N-
e S Bl ity 5o TS (RO HE st ToLLowed as

d f d S 5 fR f E |
in p% %%R) rff cyc?%.f))ryoopvfam?ﬁé%eattﬁ§|  th ool (215 1o M >
Clm/z: MH HRM CI') Cal 9HI9N 15 .1548
(1188 T4 o SOD0L5 ZREeA S EXEmpIS 7> YNNG B -0 ALt (1,55

) trans-3-cyclopropylaminomethyl-4- trifluoromethylpyrrolidine Step 1: 25
d ‘Using trans-I-benzyl-4-trifluoromethyl-3-pyrrolidine 33 carboxylic acid

MS (%EOAOBg; tlp]g ngn‘gejgro&gigu{g was followed as
HRMS (EI)

Calcd for C,3H31Ny: 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 (CI')

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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in Step 1 of Reference Example 1 to give trans-1-benzyl-4-
trifluoromethyl-3-pyrrolidine carboxamide (3.32 g). 1H NMR(CDC13): 5
0.42-0.46 (m, 2H), 0.75-0.79 (m, 2H), 2.64- 5 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),

.68 (d,.J =12,7 , 6.34-6.53 (br, 1H), 7.26-7.36 (m, 5H), [Q056
o2 3ep 550 Gand rhhs L behoot-4 BHUBmOF IR [ hed as

t?a}f) zYl- uoromethyl-3-pyrrolidin
in RIS (210 e same prosedup s loved SIS0
oS (537 By SEME (FABY Az 565l HRMIS
e el ran L bary & ([ teA Bty ebmbary AL (7 T 214

5 ﬁ/clprﬁ)roama,mi?o@g@yg-é-t iquogmgthglpygrolégine §3:27,9), the samg

procedure was followed ‘as’in Step 3 of Reference Examplé 1to giv

3. 11 ?%[('#' entputoxycatbony-N25 1 3 5y, 1m), 3.68 (4, J = 12.7
cyg?opropy amlno]methyl?-4-tr|fluoromethylpyrrollélne (2.38 %4 g%

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-1l-benzyl-3-[[ (N-
tert-butoxycarbonyl-N-cyclopropyl)amino]methyl]-4-
trifluoromethylpyrrolidine (3.37 g).

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

HRMS (FAB")

Calcd for C,1H3gF3N;0,: 399.2259
Found: 399.2254.

[0057]

Step 3:

Using trans-1-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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MS (FAB') m/z: 309 (MH") HRMS (FAB") Calcd for C14H24F3N202:
309.1790 5 Found: 309.1783. [0058] Step 4: Using
trans-3-[[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]-4-trifluoromethylpyrrolidine (2.30 10 g), the

) same procedure was followed as in Step 4 of Reference Example 1 to

1 (CDC13): § 0.29-0.33 (m, 2H), 0.42-0.46 (m, 2H), 2.10- 2.15 (m,
MS 1&)&%{15035%9 (%P%H)@ﬁ-’l% (m, 1H), 2.62-2.71 15 (m, 2H), 2.83
HRP{gd,(ﬁﬁ@ Hz, 11.7 Hz, 1H), 3.10 (d, J = 6.8 Hz, 2H), 3.18 (dd, J= 7.8
z, 11.7 Hz, 1H). Elemental analysis (%) Calcd for COH15F3N2

2CF3COO0H: C; H; 3.93, N; 6,42 Found: C; 35.82, H; 3.90, N; 6.59.
ca JZCOd[O%OC%]é] g #fgf?él?es%%% 2E’xa?mé;pgl’é %/ﬁg

e ynthesis of
Fo 3R,4%)0 -c¥glggropylaminomethyl-4- fluoropyrrolidine (Process 1) Step 1.:
(E)-3-Benzyloxypropenyl-(1R)-camphorsultam (21.6 g) was 35
[Oocg%s]olved in dichloromethane (300 mL) containing

Step 4:

Using trans-3-[[ (N-tert-butoxycarbonyl-N-

‘give trans-3-cyclopropylaminomethyl-4 trifluoromethylpyrrolidine (992 mg).

cyclopropyl)amino]methyl]—-4-trifluoromethylpyrrolidine (2.30

g), the same procedure was followed as in Step 4 of Reference

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, 1lH), 2.62-2.71

(m, 2H), 2.83 (dd, J= 6.3 Hz, 11.7 Hz, 1H), 3.10 (d, J =
Hz, 2H), 3.18 (dd, J= 7.8 Hz, 11.7 Hz, 1H).

Elemental analysis (%)

Calcd for CgoH;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 1I)

Step 1:

(E) -3-Benzyloxypropenyl—- (1R) —camphorsultam (21.6 qg)

35

6.

8
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trifluoroacetic acid (0.116 mL) . To this solution, N-
methoxymethyl-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

. satyrated aquequs solution oihsodiu icarbopate (2 x,200 mL) and
R o S L e M s i A M S Ve v Bl

under reduced.pressure. The. resulting pa llow oily material was
R e i (5B ) it 2 BB f R A e
tand at rqo mperature for.18 hours, The resulting cr Is were
me e e P S At DR Ceim Butegs 2dded
This gave N-[[(3S,4R)-benzyl-4-benzylaxypyrrolidin-3 .
ar Qs S8 8 N ] S RSOEY i PE RPN N e vps FEiT TR or 2

filtrate and the washings were combined and .concentrated under reduc

o e THE B A Hor BIVNAT Ly SHEAET chlnt e Ay
hromatograph luant: cyclohexane: ethyl acetate =-4:1) to give._ .

o oA TS A by Beacios by, S gy 2onate

(2 30 %W%ﬂﬁ;loa%'éué&%@e( 488h %NM%&C%%l%l;éro-%M% 492 41 um
(s, 3H), 1.32-1.45 (m, 2H), 1.86-1.96 (m, 3HJ), 2.00-2.10 (m,2H), 2.57

sul(ﬁgtézﬁér!éz’éo%éé%)n 2:8%.(fd, )38 %éa%é'lﬁég'%’s%?é (ddyyl5 10.3

Hz, 6.3 Hz, 1H), 3.20 (t, 3=9.3Hz), 3.42-3.51 (m, 3H), 3.69-3.74 25 (m,
reae 3 1%9%&51&'5% 434 (A 5 -1 H2), 4 6346636 4W, 1) qietny

7.22-7.

ether (150 mL) and the solution was allowed to stand at room

temperature for 18 hours. The resulting crystals were filtered,
washed with diethyl ether, dried over anhydrous sodium sulfate.
This gave N-[[(3S,4R)-benzyl-4-benzyloxypyrrolidin-3-
yl]carbonyl]—-(2’S)-bornane-10,2-sultam as white crystals (11.5
g). The filtrate and the washings were combined and
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 g).

'"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 (4, J= 11.7 Hz), 4.63-4.66
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[0060] Step 2: Lithium aluminum hydride (80%, 5.56 g) was suspended in
5 tetrahydrofuran (170 mL) . While the suspension was chilled in a
salt-ice bath, N-[[(3S,4R)-benzyl-4-benzyloxypyrrolidin-3-
ylJcarbonyl]-(2'S)-bornane-10,2-sultam (19.9 g) in tetrahydrofuran (300
m as .added drgpwise and_ the mixture was stirred for 1 hour at -5C or
(m’be%\\f/l.’sfbsgegq_u_gh%@, vglﬁfer %34 mL) was carefully added dropwise
the insoluble material was filtered and washed with ethyl acetate (2 x
mL). The filtrate and the washings were combined and extracted
eWitfb Imol/L hydrochloric acid (2 x 500 mL) . The hydrochloric acid layers
ere’combined and a 30% aqueous solution of sodium 15 hydroxide was
added.to make the extract basic (pH 14), The hydrochloric acid extract .
oS T tactat itk et Sths (43 800 fuj Thb ity S raed i
cedBURIsaere compined and, concepiraied ynder reduced pressire. Ty cq 1n
resuﬁ]lng residue was purified by silica gel columnc romatograpahy
g&;cale: he@ng' 20 ethyl ac taﬁ-_]bzl)nto gi\_/ﬂ%R 4R -%-benz}yl-4-l.d. 3
2 enzyfbi(ye/pyrarlol?din- -&)En?et%hnofas a pale yeIIov(\? 019, ﬁ%flﬁo ren
1 NMRIGDE13): 3 2:39-2,34(m, 1H) 124094, J510,3 41z, 4.4 Hz,, 1H), 2.68
](d%l, J:Qgil—f;, Ya Srzfz, 1H). 275%(%(1 =98 Hz 6.5 25 Hzg,ﬁlH "3.18 (dd,
tee;f%%%f%%% %&'803&%1)(15%%@)'a?aééééﬁ%wfég-%ﬁa’ 87 M re

d, J=10.3 Hz, 4.4 Hz, ,

was stirred for 1 hour at -5°C or below. Subsequently, water

[00

St

(34 mL) was carefully added dropwise and the insoluble
material was filtered and washed with ethyl acetate (2 x 400
mL). The filtrate and the washings were combined and extracted
with Imol/L hydrochloric acid (2 x 500 mL). The hydrochloric
acid layers were combined and a 30% aqueous solution of sodium
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:
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

Hz, 1H), 3.18 (dd, J= 9.8 Hz, 6.8 Hz, 1H), 3.61 (s, 2H), 3.65
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4.07 (ddd, J= 6.3 Hz, 4.4 Hz, 2.0 Hz, 1H), 4.48 (s, 2H), 7.25- 7.35 (m,
10H). [0061] 5 Step 3: Process A:
(3R,4R)-(1-Benzyl-4-benzyloxypyrrolidin-3- yl)methanol (9.80 g) was
dissolved in ethanol (100 mL) To this solution, 10% palladium carbon

d éZ.OJO:%)OVE%S l%ddeg .aérfd P}he g%ture W%_?chﬁ%d a%yg?&fg}r %1 hohlfszlurﬁder 1H)

¥ hydrogen 107gressdre 613.9'X 105°P4."THE Catalyst i the Hixtdre was ’
itered through elite pad, and the catalyst and the Celite, pad wer
4 O\f/L\}as(hdg#\/vit#Eth%'r%ol. e %tr%téql &nd 'egwgéhinqgé)\iveé’ (%mg%bdgz@d’ 7257
- 3g&lon entﬁﬁg under reduced pressure. The resulting residue was
" dissolved in éthanol (100 mL), followed 15 by addition of 10% palladium
[Oocg\fion (2.00 g) and stirring at 50C for 20 hours under a hydrogen
pressure of 3.9 x 105 Pa. Subsequently, the catalyst in the mixture was
St efilte%?d through a Celite pad, and the catalyst and the Celite pad were
Washed with ethanol. The filtrate and the washings were combined and

20 C%ch”éréée‘ix?”Q%ﬁare&’HE‘ig ff%%sr%‘%%lme—E%%%‘é@%‘@?ﬂ%%r"é’ﬁ frieds

under reduced pressure’ to give (3R,4R)-(4-

roljdin~3- anol le brown,qil (347 Ho1y . o Qs
R DM 4] 60 56208 (s 1) 3 61 fad JEL 8 o L6 T, 2k ° 7

s012:88 {dd. ﬁ%l-%s'ﬁ 3 52 %YL (@, ol7 111 2HZ 8 HZ )y o

3.06 (dd, J= 11.0 Hz, 7.3 Hz, 1H), 3.26 (dd, 38°J=10.4 Hz, 7.3 Hz, 1H),

miﬁ%élédQMﬂfngif?eﬁjagzk6%%0for 21 hours under a hydrogen

pressure of 3.9 x 10° Pa. 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 concentrated under reduced pressure. The
resulting residue was dissolved in ethanol (100 mL), followed
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
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-d¢): & 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

Hz, 5.5 Hz, 1H), 3.06 (dd, J= 11.0 Hz, 7.3 Hz, 1H), 3.26 (dd,
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3.93 (m, 1H). [0062] Sodium hydroxide (2.70 g) was dissolved in water (25
mL) 5 and dioxane (15 mL) was added to the solution. (3R,4R)-(4-
Hydroxypyrrolidin-3-yl)methanol (1.00 g) was then dissolved in the
solution. While the mixture was chilled in an ice water bath, carbobenzoxy

_ chlaride (0.97 mL) was added,dropwijse, The reaction mixture was stirred
= 1a$54c (P)‘Frzbe%\’/vg?olgi’holu%r%la’nci13 a foé)ségghd f)eBrﬁ(lsohéloch%’rbc%befnz%%(?/’ 1%
3 c§1|o<l%je (lOH 7 mL) was added dropwise, followed by stirring at 5C or

" below for another hour and dropwise addition of a third portion of

[Oocéa%fobenzoxy chloride (0.97 mL) . The resulting mixture was stirred at 5C
or'below for 1 hour and then at room temperature for 1 hour. 15

Sub ently, the reactipn mixture was extracted with_dichloromethane

2% SO0 s Gehlerom i 1y i et Sombira drisd oxor (25 ™)
5 anfMiydioys sodium sulfate, concentiated #ngrsroe HE‘E%IE’YeSS(%ﬁ]; 105 (4-

resulting residue was puri |edaby silica gel column chromatography

luant: hexane;.ethy},20 te = 1:1 -> ethy| acetate: methanol. = 20: .
1 e O R T b oo A by o 3 et anat "=

th@?53 dli(%’}‘lh'te%ﬁﬁ'ﬁ(g rpﬁree”r‘ﬂgt%§ )'V\Mg @1@%%&5 (M;l)i %.%e xalater

NMR(CDC13) : 52.08-2.40 (br +m, 2H), 2.58-2.79 (br, 1H), 25 3.20 (d

batdr 1 Hao 2, bH) 131 30 (e JTBL- 37,25 Hza SAHLB-39F(A 0. The
4H), 4.23-4.33 (br, IH), 5.12 (s, 2H7),
reaction mixture was stirred at 5°C or below for 1 hour and a
10 second portion of carbobenzoxy chloride (0.97 mL) was added
dropwise, followed by stirring at 5°C or 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.
15 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
20 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 g).
MS (EI) m/z: 251 (M').
'H NMR(CDCls): & 2.08-2.40 (br +m, 2H), 2.58-2.79 (br, 1H),

25 3.20 (d4d4, J=11.0 Hz, 7.3 Hz, 1H), 3.32 (dt, J=11.1Hz, 5.5 Hz,
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7.28-7.36 (m, 5H). [0063] Process B:
(3R,4R)-[1-Benzyl-4-benzyloxypyrrolidin-3- 5 yljmethanol (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 mixturg was then reflyxed for 4 hours while bej
1H)s’tir:ged§al'h}e’?ga%tal Bt b ro Action ?n'lx fre Bs ihdred ré%héﬁ Lol
elite pad, and catalyst and the Celite pad were washed with a
7 Z%ix?u'rg%f %néthé?l%l'and water (80:20). The filtrate and the washings
OOV%%rF combined and were concentrated under reduced pressure. The
resulting pale brown tar-like material was dissolved in
N,N-gimethylformamide (100 mL) . While the, 15 solution was chilled inan .,
co AL BT, Sty A (040 AL Wi oA PN etEy drobies
1 ffsition. of carbgbenzpyy, chioride (6 00.mL) The mixture weselinedyfor oy,
1’5 hours in the ice water bath and was subsequently concentrated under
reduced pressure. Jhe resulting resi was dissalved in ethyl 20 acetat
niredugsd pressure. cthe resylling, residue,was dissg % y},2Q acgtalg
B l(40% ml5, tv%she W|thpé31atu?atealﬁrine 5?( 100 mL), }Iieg% Foooo
wa VYIRS RO Sulalse a1c cTGeRIAled B SRINEPIRERINE. (21.2 o)
The residue was purified by silica gel column chromatography (eluant:
Théﬂﬂwﬁ%E¥¥eW5§ﬂ@ﬁ§§eyg%iQ%gga@ggzgoﬁ%&%gmﬁhile being stirred.
(3R,4R)-[1-benzyloxycarbonyl-4 25 hydroxypyrrolidin-3-yljmethanol as a

Thénwg%gmyégnﬂwetﬁgF%Q@é%f%@@ﬁpxture was filtered through a

[

Celite pad, and the catalyst and the Celite pad were washed
with a mixture of methanol and water (80:20). The filtrate and
the washings were combined and were concentrated under reduced
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)-[1l-benzyloxycarbonyl-4-

hydroxypyrrolidin-3-yl]lmethanol as a milky white tar-like

40
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This compound was identical to the compound obtained by Process A.
[0064] 5 Step 4: Process A: (3R,4R)-(1-Benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yl)methanol (3.19 g) was dissolved in N,N-
dimethylformamide (91 mL) . While this solution was chilled in an ice
water bath, jmidazole (6.05 g) and then tert 10 butylchlorodimethylsilane

pro(%lf7c4tg)a(lvt\;/]érét;g a Ejézt-:fd. The reaction mixture was stirred at room
tempﬁqatur%(f% 3 h%lé{s aansd was o o.ngeTtrgtedt nderored%ceddpr ssure. .
The residue was then: dissolved in |eﬁ1yl et%erl%foﬁ mr?_% "The cﬂeﬁﬁﬁ Y

ether layer was washed with saturated brine (2 x 100 mL), dried over 15

OC%SS . .

anhydrous sodium sulfate, and concentrated under reduced pressure.

[OOT&ﬁ 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

Stefo édtyldimethylsilyl)oxypyrrolidine as a colorless oil (5.46 g). MS (CI")

Mz 40} 14 NMBCOCIS) £ 5003 5,310, 005,51 3, 0.05 s

3H), 0.07 (s, 3H), 0 Y, 2.17-2; ,1H), 3.21- 3.28

hyo%%%ﬁﬁ%%@%r@b AN, 423:4.28(M 1H) 6543 (55 L9930 o (3357 3L w, n-

41 [0065
dimethylformamide (91 mL). While this solution was chilled in

Pr

an ice water bath, imidazole (6.05 g) 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 qg).
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, 5H).

41



10

15

20

25

(3R,4R)-1-Benzyloxycarbonyl-3-(tert- butyldimethylsilyl)oxymethyl-4-(tert-
butyldimethylsilyl)oxypyrrolidine (5.46 g) was dissolved in 5
tetrahydrofuran (23 mL) . While this solution was chilled in an ice water
bath, water (23 mL) and acetic acid (68 mL) were sequentially added and
t inixture was stirred at room temperature for 8 hours. The reaction

L0 Ongwg re was concentrated under reduced pressure and the residue was

gggtf;gl by |<-:;3111%€el cglg}rpyccéq:rg(r)nﬁﬁgr?pwé%lgf_ant: hexane: ethyl

but( er?%l:\rée[e% erlJLI) I%jarbon %W@x}/@et?w 4-

pyrro idine as a colorless oil (2.74 g). MS (CI")

butzvﬁf% L oL 2 BRSO Thea 4

tet(lé XSI%:L%% r’a]hH) ?31 % lHY)T %zc%? yFZ?)Jt[QQGG]waS chilled in an

enzyloxycar onyI 3 hy roxymet tert

but etg %yl %) rrol |Ie ghYBaQQ&N%s glg,sglvgfdr§l were

dICh orome ane is solution was chi in an |ce water

seﬁﬁéﬁtt{'sihlyrgny@cgﬁ%r%%@Q%as Addag lowedby crapwise adddfion of

methanesu 0.71 mL) at - 5C or elow The mixture was

ng!;'érregtfﬁ?% houE ak -3, QF 25 belpw af%da‘é@% sheqnasned withy %@ﬁé%%trated

5 mL), dried over 42 anhydrous sodium sulfate, and concentrated under
un&ggug%auced pressure and the residue was purified by silica

gel column chromatography (eluant: hexane: ethyl acetate =4:1
-> 1:1) to give (3R,4R)-1-benzyloxycarbonyl-3-hydroxymethyl-4-
(tert-butyldimethylsilyloxy)pyrrolidine as a colorless oil
(2.74 qg) .

MS (CI") m/z:366 (MH").

'H NMR (CDCl3): & 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, 1H),
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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pressure. The resulting residue was dissolved in N,N- dimethylformamide
(60 mL), followed by addition of sodium aside (1.14 g) and stirring at
100C for 2 hours. The reaction 5 mixture was then concentrated under
reduced pressure. Water (30 mL) was added and the mixture was

anhexctiracted Wltg dleth)élu‘f@er 2x100mL). The d'%thél %tgcei[e layers were

rous s iym T an conce ratce educed
mbined,” dried dver anﬁy rbus sodium Sulfate, an cOREEHtrdted Unddr

reduced pressure. The resulting residue was purified by silica 1Q gel
T e e S ARy 1 arE FLTAR e ot At o N
._(8R,4R)-3-azidomethyl-l-benzyloxycarbonyl-4-(tert- . . . .
i CoTia aeos oThde b (06 GRS feppdiom
m/z:391 (M), 1H NMR(CDC13): 5.0.07-0, 3H),.2.23-2.34 (m, 1H), . .
a2 it S%A.éjzs‘}em,a ,%ﬂ‘f-ﬁ? (rﬁ,tzﬁu)?@.%g%“% ?m,hfﬁ)r,%tllfﬁf? Haceion
513 (s, 2H), 7.31-7.37 (m, 5H). [0067

. 1H)
ml}%g]&?fR)"A-]g-sAz% omet ?/?F%gﬁzry oxycalrjbonylf-ﬁ téjrltl-Ced pressure. Water

(3Pyty! imeathy%%?%%@%‘ﬁ%‘gﬁ§)§ e""%%giség%l’f‘?eg 020 ith diethyl

tetrahyadro?uran is solution was in an Ice water

et AN, (@”Qb'fd%ag?r@)o .r',i“’%‘kﬂel“)#?&(f{%'/ L. B lahydrofuran QSMO% ﬂi'm%-f’ ed,

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

ar A0ANeN of, samrated bung (40 mi) anddhe mixiuge was expracted Wite
25 ethyl acetate (150 mL, 100 mL) The ethyl acetate layers were 43
re&&@@§”5Q6§¥ﬁ¥%Yef%E@W¥QH%§99WS1§Q§¥8u%”%as purified by silica
gel column chromatography (eluant: hexane: ethyl acetate =4:1)
to give (3R, 4R)-3-azidomethyl-l-benzyloxycarbonyl-4- (tert-
butyldimethylsilyl)oxypyrrolidine as a colorless oil (3.06 qg).
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 (Imol/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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concentrated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (eluant: ethyl acetate) to give
(3R,4R)-3-azidomethyl-I-benzyloxycarbonyl-4 5 hydroxypyrrolidine as a
milky white syrup (2.01 g). MS (CI")m/z:277 (MH’). 1H NMR (CDC13) : 5

118-2.30 (br, 1H), 2.32-2.40 (m, 1H), 3.24 (dd, J=11.6,Hz, 6.1 Hz, 1H),
ST 365547 (N3P, 5186 375 (MDA, 14614 24T TR 46, 40,

7.31-7.37 (m, 5H), 10 [0068] Process B: (3R,4R):[1-Benzyloxycarbonyl-4-
RTINS IHEMATd! (505 9. Wum Hoas (3 ap g o Lave was

triphenylphos %%3.43 ) and N,N-dimethylformamide (60 .mL) were
A R R

aceraed] tectrabr‘ir\'z‘éd?(%?‘lug? '—”3‘1'59'{3&%59%% a”f—(ff‘b@%)zwi‘égddggg nyl-4-
ropwise. (%h% reaction mixture was stirred atroom temp raturg?or g

ours and then at 60C for 2 haurs, Subsequently, me (5 mL) was
h U Y methang] (3 m
ycgrcjjcféydpgﬁ the Orginrgt%real Was concentratec (uéncFe)F rg uct(ed presgtg?e. The 20
MS r?éliltgnrg /rzeggyg V\(%djssolved in ethyl acetate (200 mL) and the solution

was washed with saturated brine (2 x 50 mL), dried over anhydrous

' RpAlum syifate. and congentrald ypder sgduced miessu, The resiling, 5,

residue was purified by silica’ gel column chromatography (eluant: ethyl

(afcetater hexane=2:1) 2810 GiV6 3 30-3.47 (m, 3H), 3,68-3.75 (m,
(3R,4R)-3-azidomethyl-I-bénzyloxycarbonyl-4- 44 ﬁydroxypyrrolldlne asa

2m)Palg brown Syip (294 @) 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-1-benzyloxycarbonyl-4-
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This compound was identical to the compound obtained in Process A.
[0069] 5 Process C: (3R,4R)-[1-Benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yljmethanol (150 mg) was dissolved in
dichloromethane (12 mL) and 2,4,6-collidine (0.79 mL) was added to the

n olution. Whi!Le, this mixture was chilled in an ice wath bgtﬁp

Y hethaRésaifonyT thioride (462701 wAS SHdEd 10%rdpwise. The mixture

was siired for 2.nours in the icg water hath andwas sioredna . oq 3y
refrigerator??@f)f)orrl hours.” Subsequently, the Feaction mlxﬁjre was

ovgashse sequentially with water (2 mL), Imol/L hydrochloric acid (2 x 2

mf)sand ‘saturated brine (2 x 2 mL), dried over anhydrous sodium 15

fate, and concentrated under reduced pressure. The resulting residue

[Oo\jvé{é purified by silica gel column chromatography (eluant: hexane: ethyl

acetate 1:2 -> ethyl t 1o give 38.7 of o

(3R, ﬁ)oi Sesnzﬁoxﬁgrab%&ﬁg/l-gg Betizy Sk Fearbonyl-4

n t}pane%l(f) niyl xy-4-methan uh;g)(gl lo thylpyrr Ijsdi ] 20 allerl
hyc{)?e lo rup%ngq(gR%ﬁ]ﬁT-raBe%n%ﬁoxgcaggcggll%ﬁyg%xy%:- B35ivel
diJH%‘?QI%%HE%%OXMG%%PVQF?W'E‘?4}%3819913§ﬁwg't‘?o$}’w-m59>079és

(3R, 4R) -1-Benzyloxycarbonyl-3-hydroxy-4-
aadpgthapesyifonylaxymetiyipygolidine (122 mg)was then, 25 dissolved in,,

N,N-dimethylformamide (3 mL) and sodium aside 45 (50.0 mg) was

i cdded. The mixturg was stircedh 2. 100C fo111 i ge  (46.2 pL) was added

Pr

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
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
pale yellow syrup and (3R,4R)-1-benzyloxycarbonyl-3-hydroxy—-4-
methanesul fonyloxymethylpyrrolidine (133 mg) as a white syrup.
[0070]

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

dissolved in N,N-dimethylformamide (3 mL) and sodium azide
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hour and was concentrated under reduced pressure. The resulting
residue was dissolved in ethyl acetate (5 mL). The solution was then
washed with water (2 x 1 mL), dried over 5 anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified by silica

el column chromatography (eluant: ethyl acetate), to give (3R,4R)-3-
(5 R RO Dy S A e Ty S A ity 6o 1

s%rup 1.0 mg) . This cor%po nd was idengcal t% 10 the comepouriqle

houo tgﬁedvb%/spro%ggse’ggr[ﬁ s? §{ép%r F;r%cgscse pressur

ce IRARES AeldomettLbenaineaan4: pydroprolting,596)

L3
was n dichloromethane 1 (4b m ile this solution wa

sogled in g salfcs bath, digthyiaminosyiurryorde (1,20 miiwas, oo,
a edn dropwise and thé mixturé was stirred at room temperature for SQ
urs. The rgaction v%fstsejc\évas arggincghilled jcn a tsal fice g%tp, Jgg%vé’ee

ho
ambvy gr%%\sfvisseoaé&ﬁor? of a‘sechn portlonngfe 20 5%tﬁy aminosulfur

prddfiygride Q7 mb).and, stiving %! [QQrp; temperatyre for, 2 hoyrs, While,
the reaction mixture was kept ¢ lfled in the ice’bat , a satutated agueous

cn:3Ad1ORLA, sRgumLbicatonale (1 mh)asaddec,diopyise 3nC 188 s

oromethane layer was separated. The dichloromethane layer 25 was

az iAgRNashed with.a satyrated gqueaus splytion, of. sadium 46 bicarbonate
(2 x 20 mL) and then'water (20 mL), dried over
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

46



10

15

20

25

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 5 give
(3R,4S)-3-azidomethyl-lI-benzyloxycarbonyl-4- quoropyrroIidine as a pale

b il (72 CIhHm/ 9 (MH’ CDC1
l%% e o ) 2o, JERE i3 o AT 1 O B ézfn%efover
4369 2H 2 105.1 2H 5.16 (dt, J=53.2
- 21:39171)?-; d %{thu?lgz%mﬁﬁq;a)[ﬁb IAE% (r:]Sezs ungefrd (f (;:d
idome enzyloxycar r rrolidine
prevﬁassl,”1 |ssol\’%a%en]ioﬁ1gnej(gg n%l_e) gfgl\?\/hvfl\éesth%&/ ?gér?ywag cﬁﬁea ina el
ice water bath 1,8 dia ab| yclo| 5, 4C0]u£1dec -7-ene 1@10 m?) adge ,
“° Yollower rby élropg\nséD aafdﬁion 0 perfluo?c}f ?octanesuﬁonyaf uor| & (2.

mL) rrln for 1 our. The i oluble material in the r action mixture
glvWas ??erg an% wash (5] Wlt oILTgnieDe‘Pﬁg?fa}fﬁd[rcéatg and't eiwashlngs

were combined and concentrat nder_reduce S The resulting
flur%gé%rﬁgﬁpgﬁfn ed by silic gf% LIgg)ifumn cﬁro%ngt%%zgﬁ({? eluant:

e: ethy] aceta 2:1) to give
MS :%fi&) fiyl ace 9}1{

3-azidomethyl-l-benzyloxycarbonyl-4- fluoropyrrolidine as a pale

'n RESWIESEYD, (1.58 9). ?5"522%&0’?99“@% was{dentical fo the ampoynd 5 4 g,
obtained by Process A. 47 [0

1H), 3.39-3.49 (m, 1H), 3.54-3.69 (m, 2H), 3.73-3.91 (m, 2H),

1) to

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-l-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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Step 6: (3R,4S)-3-Azidomethyl-I-benzyloxycarbonyl-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 balloon) . The catalyst
(0 Oig %}e reaction mixture was filtered through a Celite pad, and the catalyst
and the Celite pad were washed with ethanol. The 10 filtrate and the
waséwjngs were then combined and concentrated under reduced pressure.
“fhe resulting residue was purified by silica gel column chromatography
(eluant: ethyl acetgte: meth OHF 0:1) to gjve %38 4S)-3-aminomethyl-I-
benz&#&éﬁ?bggy%ﬁ%%?“%@% |d#1ebe%§l 5%?5{ rco%\}:r}? éﬁq (1.13 g). MS
(ClN) m/z:2 H [(i/?é% tep 7: . .
e R ARt bendy ods e S8 nddtoByabe (2407
). was dissglv q in methanol }g é_[) To this solution, molecular sieve 4A
amgﬁv(\g%gl)nélrﬁnd &e\z} bgﬁzlggehgy 66? 221 mL SWé‘ir%yojfae ded. The mixture was -
th Srglrrggiatrre%?n%%erggg@t%reeﬂ é% hc015'1£’ fog%qvfleg Wo%drdétlounn%fea a stream of
orane/f)yrl ine complex (0.44 mL and further stirring at room 25

hy&?g‘&gﬁataé%foég’l%ﬁ%sy, Subsequently, Smalll, hydroghloric 48 agiel(7.3

mL) was added and the mixture was stirred at room

St

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:

(35,4S)-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 mlL) 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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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 anhydrous sodium sulfate, and concentrated under reduced
pressure. The resulting residue was purified by silica gel calumn
2CHR At Ny LA ROXES Qe AbERE Ca 1 25 15 16 Tgige st FoOm
3S,45)-3-benzylaminomethyl-l-benzyloxycarbonyl-4 10 fluoropyrrolidine
terfey B TR T TR e (e a2 Ry e
3S,4S)-3-Benzylaminomethyl-l-benzyloxycarbonyl-4 15 fluoropyrrolidine
S e e W v S et dh i et
. sieves 3A (1.05 acetic acid, (1.92 Ié;
e A e T o 56085 LBaobl ™) - The
angboEq{]%(grigg g%%?é mvgg were aqgled aﬁpd the. m'xtg\rfe was rgflu ed for
urs whi e material in t%e reactio
CInix ure was gl(gere tcﬁlr%%glh %eli di. Tlae oIIecéed in&olubl martgr.ial Th
S0 e et e LG i et £ R LTS e
ashings Vel sauiined g Aok, fausouesolgion aksodi™
reshydrogi%se was a(gi)l(%;d to m%ﬁe ?he o] uLﬁgn asicc(pH%14 . Zg Methanol

ch g then evaporgted under reduced pressyre,and the, 49 regidue was; . 1)
extracted with diethyl ether (2 x 100 mL) . The

give (3S,4S)-3-benzylaminomethyl-1-benzyloxycarbonyl-4-

dlegélﬁ S e bein stirredfﬁe%%n}nsl&ﬁl di e e rea Cﬁrous

fluoropyrrolidine as a colorless tar (1.18 g).
MS (CI') m/z:343 (MH').

[0075]

Step 8:

(35,4S)-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)oxyltrimethylsilane (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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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 = 4:1) to give (3S, 4S) -3- (N-benzyl-N-cyclopropyl)

aminomethyl-1- benzyloxycarbonyl-4-fluoropyrrolidine as a cqlorless tar
re LU o NI (&) wil5: 582 (1. 10 [007] Step'B’ (35 45) 50 103 - The
. (N-Benzyl-N-cyclopropyl) aminomethyl-1- .
S o Lo/ eSS of S e T ethan

sodL4 L) To this solutign, 10% pallagium catben, 15,450 ma)was added
and the mixture'was stirred at room temperature for ours unaer a

stream of hydrogen gas blownjcp a,balloon) . The catalyst in the reaction
e Tt St & ol pid, S e catayes S s Celit
hrpad ere washed With etr%a:ln%l. The flljtrat% ang the V\éashlng:s %O, recthen.
<t com |ﬁg5%%%ycoﬁ%eﬁt?§ted unecf(earl?gduceecjn ressure. “The resultm; 0 grve

(3d28idpe s ouifisd by siica gel colum, ehiomateganpy (pluant: ethy)

acetate: methano 0:1). The eluate was under reduced

berP£§§%l§!§éQ1%‘6%%%5}'?&8%‘3%9&0%& ningmethyl-A-flugropyrrliding . (1 ;¢
(414 mQ) as a 25 colorless oil. 50MS (CI') m/z: 159 ?MH )

g) .

MS (EI) m/z: 382 (M').

[0076]

Step 9:

(35,4S) -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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HRMS (CI') Calcd for C8H16FN2: 159.1298 Found: 159.1316. 5 [0077]
<Reference Example 9> Synthesis of
(3R,4S)-3-cyclopropylaminomethyl-4- fluoropyrrolidine (Process Il) Step I:
10 (3R,4R)-(4-Hydroxypyrrolidin-3-yl)methanol (1.18 g) was dissolved in
MS\,\{ n I%Z mL)l '(I}'os}hl olution, triethylamine (1.40 mL) was added and
fife |xture wa lled in a salt/ice water bath, benzyl bromide
: g qm?) was added dropwise. The mixture was stirred at room
ature for 1 15 hour and was concentrated under reduced pressure.
esul ue rified by silica gel column chromatography
cal (% an(tj et& ﬁé?:etéte \r%%aeéth%%gflbe 20:1) to give
9514%5%1 q [-4-hydroxypyrrolidin-3-yl)methanol as a milky white
syrup 2 g% 0 MS (EI') m/z: 207 (M) HRMS (EI') Calcd for
[0d ﬁHl?NOZ 207.1259 Found: 207.1237. [0078] 25 Step 2: 51
,4R)-(1-Benzyl-4-hydroxypyrrolidin-3-yl)methanol (1.36

<Reference Example 9>

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

fluoropyrrolidine (Process I1I)

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 (EI')

Calcd for Ci1,H17NO,: 207.1259
Found: 207.1237.

[0078]

Step 2:
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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 30 min. Water (10 mL) was added and the reaction mixture

was allowed to warm to ro t erature and as diluted with
0 g%ané 26 A %‘l%ﬁ \5\1“2l Lf E)ara%élc?ml (1.38

dlchlérom fordmethane ayer was $

washecg with Yvaterg %9 mL qcrgad ove[lﬁfh%g ous %%dlf %%fate and

concentlratsed f(?un erreduced p pressure e resulting residue was SO u ion

ur b silica gel column chro atograph hexane thyl acetate = 1
was& ehﬁ;% a%etéte r%e é/nojl 2/0'El ff e%f?a]gc %:)él elutrede 1hexane/e hyl
wa 2CE 30{1 1?3/ Ided 4R 1benz I-3 n of methane nol

méethanesul ony oxy- -m hanegmflonyloxyme%hﬁpyrroll Ine as a ig ?kyy

AP INB6S3: S5 0810 Foinet 5540505 30 [0075] Th naction Sid =
adc%&[; gthc){l_g_?h%tateémg aonoII(‘ZO %)}ﬁ/lel% %(g‘ﬁ Rgd warm Lo room

-benzyl ydroxy-4- methanesu onyloxymet ypyrro ine as white

renfh¥SiAlS(820.ma) MS (BL) ¥z 287 M) 2HRMIRIDRALAI k) . The

13H19NO04S: 285.1035

dichloromethane layer was separated, washed with water (2 x 10

%3 mL)

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 (EI')
Calcd for Ci14H21NOgS,: 363.0810
Found: 363.0804.
[0079]

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

HRMS (EIM)
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Found: 285.1045. [0080] Step 3: 5 (3R, 4R) -1-Benzyl-3-hydroxy-4-
methanesulfonyloxymethylpyrrolidine (835 mg), sodium aside (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
redquced pressure. Water (10 m as then 10 added to the resulting
Calr(ésid%gran%lf e°mittre %V%BS o r%%\;ed with diethyl ether (2 x 30 mL) The
Foudril%thyE%tgeEH;t ers were combined, dried over anhydrous sodium sulfate,
and” concentrated under reduced pressure. The resulting residue was
0 iLied by silica gel column chromatography (eluant: ethyl 15 acetate:
methanol = 20:1) to give (3R,4R)-3-azidomethyl-I-
Stebengyl-4-hydroxypyrro|idine as a pale brown oil (576 mg). MS (EI')
miz:232 (M) HRMS (EI') Calcd for C12H16N40: 232.1324 20 Found:

232.1309. [0081] Step 4: .
(3R,ié%fs-igzgdémgﬁ%-{%e%zﬁyﬁﬁ%%xépyrrolidine (566 mg) was

= SR ARSI D0 e 18 5 v o,
(3§¥0Qg§efggtﬂ?ﬁmégﬁgyﬁ§ﬁformamide (12 mL) were mixed together,
and the mixture was stirred at 120°C for 1 hour and was
concentrated under reduced pressure. Water (10 mL) was then
added to the resulting residue and 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 CioH16N4O: 232.1324

Found: 232.13009.

[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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stirred at room temperature for 2 hours. While the reaction vessel was
chilled in an ice water bath, a saturated agueous solution of sodium
bicarbonate (9 mL) was added and the 5 mixture was diluted with
dichloromethane (15 mL) . The dichloromethane layer was separated,

washed, sequenti Iéywit asatura%?da eous solution of sodium
tr i ibbhate (10me) BhA Waker (L0 L) arad bo&r Ay chals Sodinhee #2°

Sulfate, and concentrated under reduced, pressure. The resulting residue, .
oy SR 8T e sty TR e MR e o
ethxl_ a}A]caetate =, f% O1The first half fractlgrel X'%%%%(BRA@&u

a

Vesf-gmdomsetﬁ)}ﬂ-]l- enzylﬁl-fl%rolp%/?ro‘ﬁaine as a pale brown oﬂfa(sg.dl r%aﬁl.eous

<o ME{ED I3 00) S HEMS (BL) Calefor CI2MATENS: 294 1281

ound: 2 e secon fraction y?elae
sk R,4S -%—azéijd ectg I-.I‘ZIZ benz }l_;‘é-flugro rrorlliginﬁl%s agﬁle b V\én oil
(556 m&ﬁ/l %FJ) m/z: 2]34( )L Ms'(E1Y) Ealed for CLOH15FN4:

dié%%%%%%%gﬁ%gg:gg%égegaésgg%%ﬂé%é%Fpégshed sequentially with
a saturated agqueous solution of sodium bicarbonate (10 mL) and
water (10 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). 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').
HRMS (EI')
Calcd for CioHisFNy: 234.1281
Found: 234.1263.
[0082]

The second half fraction yielded (3R,4S)-3-azidomethyl-1-
benzyl-4-fluoropyrrolidine as a pale brown oil (220 mg).
MS (EI') m/z: 234 (M').
HRMS (EI')
Calcd for CioHisFNy: 234.1281
Found: 234.1269.

[0083]
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(3R,4S)-3-Azidomethyl-lI-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
of hydrogen gas (blown by a balloon) . The catalyst in the reaction
st mixture was filtered through a Celite pad, and the catalyst and the Celite
eﬁja Wwere washed with ethanol. The filtrate and the washings were then
combined and entrated under reduced pressure to 10 give .. .
(55,49 Bt heyed R B it S Pve rdddaRe (219
(191 m?. MS (CI").m/z: 209 (MH- HA%%M?(CI‘ alcd for C19H;j 2, .
S5 LA YRS SO0 TAEE O0El] S G LA (20) “oxide
3 ,4?-3-Amino thyl-I-benzyl-4-fluoraopyrrolidine. (186 , mg) was
o R et asor(a ML T T Sau6R, 20 HolGChIAr seedian

+{B0.0.16) and hen berzaigenyde

(90,8 g} Juere added, The e WaS 0.
irred at room temperature for %our, 6] oweﬁ] by a d¥t|on gfea

oy torans/ouiine camplex (02 L) andpuoneraliring 2O, e

e
temperature for 3 hours. equently moﬁL rochloric 5mL)

fil"’é%%%gd%%%ﬂ ,thﬁg'g!Hf% %%Sds,t"é%ddfogéleh%ﬁté CmQl/L, AgUeQUS o1t
solution 55 of sodium hydroxide was then added to make the mixture

pa&xﬁg%e washed with ethanol. The filtrate and the washings

were then combined and concentrated under reduced pressure to

give (3S,4S)-3-aminomethyl-1-benzyl-4-fluoropyrrolidine as a

pale brown oil (191 mg).

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

HRMS (CI')

Calcd for CioHq1gFNy: 209.1454

Found: 209.1465.

[0084]
Step 6:

(35,4S) -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
MWL) 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 aqueous solution
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The mixture was extracted with diethyl ether (3 x 10 mL). The diethyl
ether layers were combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The 5 resulting residue was
purified by silica gel column chromatography (eluant: hexane: ethyl

acetate = 4:1) to giv . .
of it ALk SRt e BB oS s i aige Pasic.

brown oil (179 mg). MS (C|') m/z:.299 (MH,), 10 HRMS (CJ’) Calcd for.
The DN, S8 Rbat teh. 34 Tootiboke) Giliss. 18 = 10 AL). The
Sl i o e

ng), acetic acid (0.36,mL), [(1- ethoxycyclopropyl)oxy]trimethylsilane
o B e e R IS D eGre. e
m'%ure was 20 é%ﬂuxed for 3 hoyrs &/h# beinlgistirred. The iTsqubIe

ilt

" materiaf in the reaction mixture was filtered throucgah a %‘,lelisr.:eo p%%l.lThe

chr?ﬁ%%ﬁgﬁ%%%um?erygg%?l aﬂ%%@ﬁlg?”%et%gﬂwgr%t"% shed with )+ give

e'filtrate and the was Ings were combined and a 2mol/L

(35%%?}’9%—58&%@1‘3—“@%% 5‘]{9%%%’%&5— @‘—j%g&&%ﬁ?ﬁ eselytion. o 4
ethano

basic (pH 14) was then 56 evaporated under reduced pressure
palaé']%tpgv{rqsgjyf V\fals79 mg) .
MS (CI") m/z: 299 (MH").
HRMS (CI")

Calcd for C19H24F Ny : 299.1924

Found: 299.1960.

[0085]

Step 7:
(35,4S)-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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extracted with diethyl ether (3 x 10 mL) . The diethyl ether layers were
combined, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The resulting residue was 5 purified by silica gel
column chromatography (eluant: hexane: ethyl acetate = 4:1) to give
3R,4S)-3-(N-benzyl-N- .
Ve y%ﬁ)ap%rgpylfa%d%gmre?ﬁiﬁﬁ%%rf%l?f-ﬁﬂg fopyoliliRe 48 1CBisHé s tar
(172 r%g% MS (CI). m/z:339 H‘% 10.HRMS (C ‘}qCagqfor 2,H28FN2:
AR IRL Yo el 336 525" 10086] Stef 8 L5Tok, 495, SLSL RV Seher
N-Benzyl-N-cyclopropyl) aminomethyl-1-benzyl-4- fluoropyrrolidine (17
L oo A i 120 e RSt . 100 B o anc

corfAPR.290,ma) and chloroform (0.7 miLwere,added and the mixtre o o
was stirred at For 23hours under & hydrogen pressure of 3.0 x 105

Pa..The 20 palladium car%oni the reaction mixture was fijtered through .
P B e et L it e NNy i S e

The fi d the,washings were t ined an nirated
ethgr'}ge%geé‘éea%% the,wasp '{‘Qsﬁ"’e&S 'T;%’&?%‘P'@e (‘i‘ﬁ”%%cr?z”g?”%ae

_ uced_pressure. '_I'ot & resu ting residue, a 30% aqueous _

cs SEUNE DL AL nrpe i s P o 0 e
codigthyLether layers were,)

MS (CI') m/z:339 (MH').

HRMS (CI')

Calcd for CyoHogFNy: 339.2237

Found: 339.2285.

[0086]

Step 8:

(3R,45)-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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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 obtained in Reference
. Example 8 (Process I). [0087] <Reference Example 10> Synthesis of
1 RS SRS Blobomymirbhety A 18 Ty itie SRPE Pere
(3R,4R)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-_yllmethanqgl (2.50 g),
oS ST (o34 5] B o B (o 5b & Wte BfSolved n
co tgtrag %rogu?{aﬂ %% @Qe\é{h"% 5thiésssolllurti60ntwas ggille é@ia @{tﬁge_
rba?ﬁl, ieﬁ1y azo |carboxylllacte 46% toluene so?ut(?on,eg. mL) was
oy fiddied. dropwise. The miture was slired.at 0 g polowfor Lhopr and,.,, 5
then at room temperatu?/e for 2 hours and was su sequently oricentrated
nder r ducq#lgressure The resulting re iduelw s2 lg)urified by silica .
(6%'5?88 (?rﬁn c ror%a?o@?ggﬁy (evfﬁiasnt:l%)I&e’lgnlec:aeth%/f)ac?etz?ltecéj Iﬁpl%u?ﬁ((\e obtained
. uted pale brown tarslikejmaterial, was dissolved in ethanol (60 mL) . To
H teﬁis o) l?t?onef poPtiéas um car%oﬁat%e(il.w g) in water (30 mL) was added
the mixture was refluxed for 3 hours while being stirred.
Subsequently, 25 the reaction mixture was concentrated under reduced

<rI¥ESSYIE 58 and the regjdue was dissolved in dichloromethane (200 mL).

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

58



10

15

20

25

This 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 5 gel column chromatography
(eluant: ethyl acetate :methanol = 10:1) to give
3 ,4S)-%1-be zyloxycarbonyl-4- hydroxypyrrolidin-3-yllmethanol_as.a
AW iE R, (51 G WG (BRI P Stdg B0 T -
(3R, 49)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3- .(I}jmeth nol (2.33 g),
I G B (BT o - FIRnybrasaRnE (D7 prard = (2 % oo,
N,N-dimethylformamide (46 mL) 15 were mixed together. While tge
SR Wad SR i an 168 Wiler bath- carboR {Brablomis 13 36 e
reliciiarqmethane (10 ml) was.addeddropuise, The reaction miXUe was. 1 o,
stirred at room temperature for 13 houts ‘and tﬁen al 60C for 3'hours. Y
ge SubsEguenily, mehanol (L) s added and e mpdurewas 20, o) -
concentrated under reduc ressure. The resutting residue was
issalved in ethyl.acefate (200,mL) and.the solution was washed with
10 455¢ ethylacefate (200 d& i HUQR, Wz _
saiitura(t)ec?tl)ﬁne >((2 X5 r)ﬁL)F dr%%e over an ?/%rrou%ngodium sulfate, and
ny fOEERY Rl undar redyaad piessire The tespling regidus was purfid o
y sifica gel column 25 chromatography (eluant: ethyl acetate : hexane =
2:1) to give 59
(3R,4S)-3-azidomethyl-l-benzyloxycarbonyl-4-hydroxypyrrolidine

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

=R

g)

[0088]
Step 2:

(3R, 4S)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]methanol (2.33 g), sodium azide (1.81 gqg),
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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as a milky white syrup (2.18 g). MS (FAB") m/z: 277 (MH") [0089] 5 Step
3: (BR,4S)-3-Azidomethyl-I-benzyloxycarbonyl-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

ad C#O wise 10 mlxture as stlrred at roo erature for
oﬁ% hgzréé?&%ena\g sseiwas cﬁ'ﬁv &M GRTice W, ierb hHrgypyrrotidine

Satur equs solution of s um bicarbonate (6 mL) was added.

%% the'd eﬁ g’rﬁl}e%eanséyl v(\?/gs%n eparated, washed with saturated
{) (%[ 2 mL), anhydrous sodium 15 sulfate, and

concen raIPé un rre uced pressure. The resulting residue was purified
9'Tllca gel column chromatography (eluant: hexane: ethyl acetate = 2:1)
give a mixture of (3R,4R)-3-azidomethyl-l-benzyloxycarbonyl-4-

quo%prrroIidine and 3-azidomethyl-I-benzyloxycarbonyl-3 20 pyrroline

Ste(]%1 mg). [0090] Step 4: Platinum (V) oxide (50.0 mg) was suspended in

ethaQ%IR(7 gBL)gngt ggﬁ?ﬁ_oq sstlrr d at ggwo emperature

under a 25 stream othy rogen gas own by y a ba oon) ) for 30 min. 60

hycﬁ%@%&'??%ﬁ%@“r&(ﬁ?wg) 8&@%?}@% (’)31%%0@1%“&/1'&11 oromethane
(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 agqueous 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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benzyloxycarbonyl-4-fluoropyrrolidine and 3-azidomethyl-I-
benzyloxycarbonyl-3-pyrroline in ethanol (3 mL) was added and the
mixture was stirred at room temperature under a stream of 5 hydrogen
gas (blown by a balloon) for 5 hours. The catalyst in the reaction mixture

was filtered and was washed Xg@letha ol. Thﬁfilt@&i and the washings .
ed

Subsequent,l a ture m of = omet.t
URvéré combined and concentr UHder fedutdd prédsure STRE rESUM]

residue was purified by silica gel column chromatography (eluant: ethyl
oo S by etk SRR L1011 o VR S rRAGHL (A3 My &7

acetate’m nol = ve a mixture

(3S,4R)-3-aminomethyl-I-benzyloxycarbonyl-4-flugropyrrolidine _and
e O at P Ben 5 caatorf Sy ol [0boL] Sish S138 Thgied =nc

mixture (310 mq) of (3S,4R)-3-aminomethyl-I-
end U0 MO M petly A Ao Mo racure under a stream of

enzyloxycarbonyl- 3-pyrroline was dissolved in methanal (4 mL) To thi .

h y ul & .

ycgro L?t%}l %r%ﬁec?tﬁa?gi%véﬁui%i% rﬁg)ngnd%%%ngnbeﬁgglaehyg%%o.i Erﬁ )ySt m

th W‘%rga%dcdfgna?n%thceurPéX“v'JaesW%%i Ired 20 at yoom temperatyre fnd oy oo
our. Subsequently, a borane/pyridine comp ex“(8.19 mL) was added and

11, feqGlan. mityre yas, furiher STe(aLr00m [eMpeIaIu farA NONIS, .. o
ookl ol and

6mol/L hy oric acid (2 mL) was then added and the mixture was

unddiFrefa) [oam tsmnergtuce forl hop Jolwed by 25 addition, of 3_&”9;{%}9@ by

agueous solution of sodium hydroxide to make™ 61 the mixture basic.

sifﬂ%Q”Séﬁa%%ﬁﬁwﬂd%ﬁ¥%%ﬂ@8é@%@%& (eluant: ethyl acetate ->
ethyl acetate: methanol = 10:1) to give a mixture (313 mg) of
(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 mlL) 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

61



10

15

20

25

ether (3 x 10 mL) . The diethyl ether layers were combined and
concentrated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (eluant: 5 dichloromethane:
methanol = 10:1) to give (3S,4R)-3-

the AT E PP THEE Mo At A b B R 1 AN teAe s o Eeh rgiechy
B a3 B i S e R DR S TLaFSoyi Pl and
o S e B sk 10 1hS R MY due was
P e S S o o for

a o e el
e P I PE R e MRl R e s

paﬂyd& xide was. §dq§q1§o ke the solution basic (pH > 12) . Methanol

was then 25 evaporated under reduced pressure and the residue was 62
Ms erasted with digthyl gther (3 x 10 mL) . The diethyl ether
HRMS (FAB")

Calcd for CooH24FN,0O5 ¢ 343.1822

Found: 343.1815.

[0092]
Step 6:

(35,4R) -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)oxyltrimethylsilane (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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layers were combined, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (eluant: hexane: 5 ethyl acetate =
2:1) to give (3S,4R)-3-(N-benzyl-N-

cyclopropyl)amingmethyl-I-benzyloxycarbonyl-4- fluoropyrrolidine as a
eXt idTess fv‘él’)rlaé?ébgr%% I?'l%é (%géé mf%: %fﬁﬂﬁl)gHR ée( By 18 cacder
for C23H28FN202: 383.2135 . Found: 383.2119, [0093] Step 7:
layers, we mbln?% rleg ver aﬁh%d# soéaum sulfate, and
(§§,4I5€7)-§-?N§I§enz I-N-¢yc opropyﬁammome y-Iof§
benzyloxycarbonyl-4-fluorppyrrolidine (160 mg) was dissolved. in ethanol
oy e TS SO o VB SAIEE 5 Saron (30,0 5 e S "=
the mixture was stirred at.room temperature under a stream-of hydrogen .
o by 2 baltock) Tor § Hoirs o e ARt Aokt 1RO et e

was 20 filtered through a Celite pad the catal nd the Celite pad
h QL {h = % :gl ,H ataly - l—?\}— p
et ere-Was aetde with ethgno “rhe |I?ra§‘e51 gn %")le %as |%§n\%re combined

alnd concentr %ed %nd rhregg g% pressyre, The kg%sulg'rlgl residue was
Cycpuorﬁig(c)ipb%/ s}iﬁ:alae ce(?[u nc romgtzokérgmycfeﬁuarﬁ%thyl acetate:

£1JRgia00L 5 20 == 2a5sdi§h'85‘1'8?$£i9§3 methangl = 1 1) to give _
(3R,4R)-3 63 cyc?opropylammomet yl-4-fluoropyrrolidine as a colorless oil

MS (FAB') m/z: 383 (MH').

HRMS (FAB")

Calcd for Cy3Hy5FNyO,: 383.2135

Found: 383.2119.

[0093]

Step 7:

(35,4R) -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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(50.7 mg). MS (FAB’) m/z: 159 (MH") HRMS (FAB") 5 Calcd for
C8H16FN2: 159.1298 Found: 159.1286. [0094] <Reference Example
11> Synthesis of (3R,4S)-3-[(N-tert-butoxycarbonyl-N- 10
cyclopropyl)amino]methyl-4-fluoromethylpyrrolidine Step 1:
(1S,SR -7-[%1R)-1-Phen et y_I]f -0xa-7- azabic, l'O:LS'B'O octane-2-one .
Y GG AR S oW PO (BT P ié Stogee o1
(50157c3§§:k3propylamine (46.3 ml) was added and the mixture was stirred at
80C 101’44 hours and was concentrated under reduced pressure. The
resi was disspolved | yl acetate (300 mL), washed with water (2 x
MS 5%?%%)e> dIr?Z& i)vgr\!3 gnh Mﬁégé sodium sulfate, and concentrated under
HRD{gdLg%%%gressure. 20 Diisopropylether (300 mL) was added to the residue
and the solution was heated to form crystals. The solution was
2 Cé)é]c%ntrrat@s Eofq@pr%%qtﬁ 9}ggalf the original volume and the (_:_rystals
ormed weré filtered. The collected crystals were washed with diisopropyl
rother and were dried under reduced 25 pressure to give
(%R,4 -N-cyclopropyl-4-hydroxymethyl-I- 64
[0 dgzﬁ)-l-phenylethyl]pyrrolidine-3-carb0xamide as white

<Reference Example 11>

Synthesis of (3R,4S)-3-[ (N-tert-butoxycarbonyl-N-

cyclopropyl)amino]methyl-4-fluoromethylpyrrolidine

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-
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crystals (4.41 g) . The filtrate and the washings were then combined and
concentrated under reduced pressure. The resulting residue was purified
by silica gel column 5 chromatography (eluant: hexane: ethyl acetate =1:1
-> ethyl acetate) to give additional (3R,4S)-N-cyclopropyl-4-

th - h th lid 3-carb id 5
e i é%%%@ R AR TIS® i)
cryﬁlgfgmg%zgf 20,555 1 .15, 954 PO £, 198,152,
| -4 h thyl-I-
o A Y o el eessug on o

dimeth Ifor amlde 180 m hile thls olution was_chilled in an
reSlcleN\C/vat((aqr ba%tﬁ ?nlgazgl (5%5 le\é((j ti}%n tejfst ﬁutygc%oroalmetﬂylsnane

ch I(gf 7a2c%) Wg%%ﬁdd(%%lja%go e|>><<t<LiJIr1e was slalrrfd at lo (%m ten?e{atuge far
S Su

h 1
min sequently concentrate un er reduced pressure. ?—

scd Ogoggi) cﬁs dlssolvecg in.ethyl acetate (g%a ny__)(b ngd with,water (2 X

ied over ¢ an y rous sodium’ te, and enﬁgted under

hyc[ﬁ?%%%%%eﬁ“ﬁe TPEsfesylting e %98%%% g;?ci%‘gﬂ?&%s'ﬁc%g%oxamde

column c romatography (eluant: ethyl 65 aceta give
1 ,(§52!‘!;§),N cyclopropyl-4-(tert-

MS (EI) m/z: 288 (M').

Elemental analysis (%)

Calcd for C;7H,4N20,:0.2H,0:C; 69.93, H; 8.42, N; 9.59
Found: C; 70.16, H; 8.32, N; 9.60.

[0095]

Step 2:

(3R,45) -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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butyldimethylsilyl)oxymethyl-l-[(1S)-1-
phenylethyl]pyrrolidine-3-carboxamide as a pale yellow tar (7.05 g). 5 MS
(El) m/z: 402 (M"). [0096] Step 3: (3R,4S)-N-Cyclopropyl-4-(tert-
butyldimethylsilyl)oxymethyl-I-[(1S)-1 10

se é;)éwaetnr%/gt.t%]p%{r‘sjlidingé?,-ggggﬁﬁ%ggﬁ %I%g( F%é)]\g%ls _r;{issolved in toluene

botane/dinethy! com 1S¥&s added and

by thﬁ é’rl%tetqcr% V\iassirfflg\}(%% I(OITE@Stpl&T—Sl\MﬂF% egr%(?inlg_stirred. Subsequently,

e reactiorrwas atlo 0 coot to roo péerature, followed by

addjtign of.a 10% aquepus 15, solution of sodium carbonate (42 an
P i B 1066 TG0 LREUTC TR (OGS Tyt et epar i, Nased Wit
ter zz x 30 mL), dried over anhydrous sodium sulfate, and

7. . . ] .
( \(l:eg%c% trated under reduced pressure. The resulting residue was purified

by silica gel column chromatography (eluant: hexane: 20 ethyl acetate =
5 o Te s %) o
[0 dq%ﬁldimethylsiIyI)oxymethyI-3-cyc|opropylaminomethyl-l-[(IS)-
1-phenylethyl]pyrrolidine as a colorless oil (4.78 g). [0097] Step 4: 25
st e(88 .S)-4-(tert-Butyldimethylsilyl)oxymethyl-3- 66
cyclopropylaminomethyl-I-[(1S)-1-phenylethyl]pyrrolidine(4.70

(3R,4S) -N-Cyclopropyl-4- (tert-
butyldimethylsilyl)oxymethyl-1-[(1S)-1-
phenylethyl]pyrrolidine-3-carboxamide (7.00 g) was dissolved
in toluene (70 mL). A borane/dimethyl sulfide complex (2.20
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% agqueous
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 qg).

[0097]
Step 4:

(35,4S)-4- (tert-Butyldimethylsilyl)oxymethyl-3—
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g) was dissolved in dichloromethane (70 mL) To this solution,
di-tert-butyldicarbonate (2.77 g) was added and the mixture was stirred at
room temperature for 2 hours. Subsequently, the 5 reaction mixture was
concentrated under reduced pressure and the resulting residue was

ified by silica gel t lua

o R N SR LR S .
lop thyl-4-(tert-but thylsilyl)o thyl 1

D Sy LTﬁpy¥ro oY st o (). o0oB] Eg5srt 1o

a1 B9eesS ¢ (BRASLN. Cyclopropyt4) éroxz%get%'gls %hismxwre

1- pﬁeny pyrroli 3 Carboxami yWwas dissolve

wa toluener(l% IE) Tothl%soIugggt%gor%ne/dlgw%%sulﬁd %Sb Iexg1 q5

mE) was a and the mixture was refluxedfor 6 hours w

stirred, After,tche reaction _mixture wa aYllowe%to cool 0 rogm

reaction was concentra er 1 uce r re and
temperature, a f&y 0 agueous solution or sodium carbonate (1 fmﬁl was

endidedand e 2000ure was sied AL 100G for  hour. The toluons,,

re Sé
ayer was %arate was Water over

cnAMYHRHS, é?R?'“Pé%HE%tE - fallowed by a q{‘}‘i“ gtditert butyldicarbanate ;)

(1.13 g) and stirring at room temperature for” 30 min. The mixture was

g1i-J0en alowed tq Jag@l | Qvernight. 25 §HQ§%WI3( \the reaction mixture

was concentrated under 67 reduced pressure and the resulting residue
cyé@%@?gg@%%Q%ino]methyl—4—(tert—butyldlmethy151lyl)oxymethyl—

1-[(1S)-1-phenylethyl]pyrrolidine as a colorless oil (5.28 qg).
[0098]
Step 5:

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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silica gel column chromatography (eluant: hexane: ethyl acetate = 1:1) to
give (3R,4S)-3-[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl-4-hydroxymethyl-I-[(1S)-1 5
phenylethyl]pyrrolidine as pale brown crystals (1.50 g). [0099] Process B:
3R,4S)-3-[(N-tert-Butoxycarbonyl-N- . , .

reof:%?o%réﬁ%asrﬁiﬁ%]rﬁé& yF-E- terEBUy iRty TSIy oRyMiathyRur H£2ed by

.. 1-[(1S)-1-phenylethyllpyrrolidine (3.02 g) was dissolved in 10
T B TS RANS B St e Sl A foc ik
acebcaé%eteira uﬁg}amfgomwg f'g'?ﬂd%' 0L tﬁu‘r—%hé@{‘lf%{%”oSﬁg;al%‘;bggﬁrém—

ml) was adde dropmﬁslg and thé mixture was stirred at roo

for 2 hour ,followe(i by addition of saturated brine (60 mL).and extraction
ey ] B L R e g e

combined,,washed with saturated brine (2 x 100 mL). dried oyer
hSRRIDED ¢g oyer )
P S e T el Cob et ] IVt (et

[0 oUlﬁ residue was dissolved in ethyl acetate (10 mL) and the resulting
crystals were filtered, washed with small 20 amounts of ethyl acetate, and

dried.under reduced pressdre to_give - bonyl-N-
(3R,4S)-3§ N-tert'-bl(JtoxS/caeronng{I- FertrButoxycarbonyl-N

cy SYEIoPY 3&'?%5‘815‘?%@%k?yi‘y&’m&%@%h}éﬂéﬁ%}i%t hylsilyl)oxymethyl-

phenylethyl]pyrrolidine as white crystals (781 mg) . The filtrate and thé

1- fashings. é%%%%?@(???&?i‘ﬁ%@e%(§9'@%e’3r)at%%é‘”8{%%ecﬁii‘\988 in

pressure. The résulting residue was 68 purified by silica gel column

teé%%ﬂ@@%%%é?@%(%%%”%ﬂ?%anﬁhi1e the solution was chilled in an

ice water bath, tetrabutylammonium fluoride (Imol/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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ethyl acetate = 1:1) to give additional (3R,4S)-3-[(N-tert-
butoxycarbonyl-N-cyclopropyl)amino]methyl-4-hydroxymethyl-I-
[(1S)-1-phenylethyl]pyrrolidine (1.43 g). 5 MS (El) m/z: 374 (M").
Elemental analysis (%) Calcd for C22H34N203: C; 70.55, H; 9.15, N; 7.48
Found: C; 70.56, H; 9.29, N; 7.52 [0100] 10 Step 6:
pu?égéﬁ%i&%@éﬁ;ﬁ%%&%@%aﬁ%ﬁ%-N éﬂromatography (eluant: hexane:
cyclopropyl)laminolmethyl-4-hydroxymethyl-I-[(1S)-1- o ~
o AL Mot (0 66 S ae HRoet i AR nb (iotsE)
While this solution was chilled in a 15 salt/ice bath, triethylamine (1.05.mL) .
o S04 Tolowed by aFoiie AGEUN bF metbAncsay S T
(0,58 mL). The reaction mixture.was stirred at -5C or below for 30 min,
[ utf%—:‘nSlw seg&]e&vﬁﬁ%y%oéﬁ%?@%%v\%%%enh ?Irb%é sodium sulfate, and

concentr ted ler ﬁd ced pressure. The resulting residue was 20
M3 d?sé]soﬁvén(? %'te%]fhy(;rofﬂfan (21 mL) and tetrabutylammonium fluoride

Imol/L tetrahydrofuran sqglution, 21.3 mL) was added. The mixture was
El %é %9 5) . . .
Then refluxec o?/ilhsbuésc\}/vhlle being stirred. Subsequently, the reaction

then refluxed
A rgt%d ug?g%ged ,ed9qr? surlg_anp.tg@ residue was

ca RIS Was congeptrated SUlg;
2 Esso ved in22etﬁ§/§]e§53 acetate (200 mL) The solution’'was washed with

roliater (2 x50 69 mby), dged ovef;anhydrous sodium sulfate, and
concenfrated ' ' S

[0100]

Step 6:

(3R,45)-3-[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl-4-hydroxymethyl-1-[(1S)-1-
phenylethyl]lpyrrolidine (2.66 g) was dissolved in
dichloromethane (40 mL). While this solution was chilled in a
salt/ice bath, triethylamine (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 (1lmol/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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under reduced pressure. The resulting residue was purified by silica gel
column chromatography (eluant: hexane: ethyl acetate =4:1-> 1:1) to
give (3R,4S)-3-[(N-tert 5
butoxycarbonyl-N-cyclopropyl)amino]methyl-4-fluoromethyl-1-

[(1S)-1-phenylethyl]pyrralidine as a pale brown tar (1.13 g). MS (EI) m/z:
mL )37636\}[% Oi%if 5‘%§p )?8%@'??&}@%\&%\@/ -@%tedxyégr o%‘f/f-lﬁ-gn% rated
clopropyl)amino]methyl-4-flygromethyl-J-[(1S)-1- phenylethyl]pyrrolidipe
o PR e GeRE it et ol (20 ). T thiSatfon 20y St Tied by

. .palladium carbon (230, mqg) suspended in w. teré4[n and then
o Gh i ToiBiE (9L W) were-Adtod 1S4 the HLFe was e
n nrﬂcxgure was

for 90 mi il [ irred. Th lyst,in th [
= Sitare it a. Cote pac a1 datayat hnd e Cerle pad were

tered through a~ Celite’ pa atalys
washed with 20% aquepus meth§ al. The filtr te apgl4tb%l\/vashin ere | _
o binGA At CoNGerirAd Uder Teqiced pressire. WVAter (30 90 mij
W s_tlh_e %ddezld ttohth§r sidug n&l.while the solut'ion was chil{ed in n 'Tg )
(et bath, & 40%% Bubous Samtion 6 sadicm hydroxiae was added o~

the salution bagjc, (pH 14) and the basic solution was extracted with
MS !
S?g%%rorﬁethane (53l meﬂ X 2). The dichloromethane layers were

bined, washed with water (2 25 x 20 mL), dried over anhydrous
sodium sulfate, and 70 concentrated under reduced pressure. The
st 6rgse;lging residue was

(3R,45)-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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purified by silica gel column chromatography (eluant: dichloromethane:

methanol = 20:1) to give (3R,4S)-3-[(N-tert-

butoxycarbonyl-N-cyclopropyl)amino]methyl-4 5 fluoromethylpyrrolidine as

a pale brown tar (684 mg). MS (El) m/z: 272 (M"). [0102] <Reference
conEchantJ.plgtledfﬁil> %}lln heSI?eOCELgSE’dA' R ige_cg_clzllggr.op%l%renInroerg%qjgli_?@lq_”esidue was

methyfpyrrolidinetiffuoroacetate Step s

1-Benzyl-4-(R)-meth I-3-(]1R)- -‘§§”2“-ph nyl-2- .
pur&x%z%édiﬁ n-%%y}cca%gﬁy]pﬁ[ééﬂ mei%%%?%a%rﬁggglvé& llHant'

. lopropylamine, (650, mL) The mixture was stirred at room 15 B

i B S5 R i 2 ted ifor TAER Frebdlierere

Diisopropy! ether (800 mL wasa:)&i ed to trle residue and the solution was
S e et ST O30 el THe TS Liltg ystals were

filtered.. The collected. crystals were then dissolved.in dic{% romethane
ah il ekt PRt st R GO o

MS \(/%/ﬁcl_ﬁognmL) ;1; I:megs of Imol/L hydrochloric acid were combined.

e the combined layer was chilled in an ice water bath, a 30%
(07 ous NaOH solution was added to make the solution basic (pH 13) .
The resulting crystals were filtered, washed 25 sequentially with water and

<rMiisopropyl ether, and dried under 71 reduced pressure to give
(SR,4R)-1-benzyEN-cycIopropyl-4-

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% aqueous 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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methyl-3-pyrrolidinecarboxamide as white crystals (52.2 g). [0103] Step 2:
5 (3R,4R)-1-Benzyl-N-cyclopropyl-4-methyl-3- pyrrolidinecarboxamide
(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)

as gdded dropwise. The mixtgggdv%alé then stirred for 15 rg% was 10

Feefiixed and was allowed tdco Gom tempBratdre. AY09 RqIEdUs 4~

re 23003 solution (400 ML) was added. and (e mixture was stinedat,
or2’hours and was then aflowed fo cool to roorr?]tsemperat re."lzhg )

[01t8%§ne layer was separated, washed with water (2 x 250 mL), dried over

anhydrous sodium sulfate, and 15 concentrated under reduced pressure.

SteThle,esulting residue was purified by distillation under reduced pressure
o give (3S,4R)-1-benzyl-3-cyclopropylaminomethyl-4-methylpyrrolidine

as a rless ojl (62.1 9), [Q104] 20 Step 3:, , A
(38,4%—91@;2%- -ecr)ll%:%%%)r%q:_)yﬁ r%zlln%prﬁec%%ﬂ ?né%ﬁ&l%%lroﬁdine (25.0 g)
was dissalved in ethanol (200.mL). To this_solutjon, trifluoreacetic.acid
. 7
ey Lot 1% o) e S S haibe (700

m1,)MIXIEE, was @%isé”@gjh%t{ o8 R?Qéoeéﬁ@ﬁ é*ﬁd%h%‘?{o%@ Rressyedly, 4
3.9 x 72 105 Pa for 9 hours. The catalyst in the reaction mixture was
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
(3S,4R) —1-benzyl-3-cyclopropylaminomethyl—-4-methylpyrrolidine
as a colorless oil (62.1 g).
[0104]
Step 3:

(35,4R)-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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filtered and the collected catalyst was washed with a 25% aqueous
ethanol (300 mL) . The filtrate and the washings were combined and
concentrated under reduced pressure. The 5 remaining pale brown
crystals were suspended in tetrahydrofuran (100 mL) and were filtered.
1o77he Spiecled, cnisials yere washed it lenalhycroturan and dried upder ..
réduced pressire to give (3R4R) 3-Lyclopropylaminoniethyl-4-
e: 1Petyipyoldinetrfiuorqacetate as whie crvstals (344,2. 10104081 s
<Reference xamplce > §ynt esSIS 0
xR A yopromiamnaetyd 1orepeidng B1ross RSP vere
enzyloxycarbonyl)amjnomethyl-1,2:5 6-di-§-iso ropylidene-1X-D-
coé§%$¥é)¥n%(ﬁf¥g érﬁgeg under ué?ﬁﬁ%ﬂrﬁﬂ). %%hB

n re uae
uranose g? was dissolved in tetrahydrofuran

remsg%tiiogl ImgI{L h%dr(%ghlorig ascé% élSmeé_g was, agd%% gng I;[he mixture
was stir?eé) at 50 For T.SCh&/urs. (.')s Su%sequentfi/, Itwhe reaction mixture

te%%ﬁﬁgggﬁ%ggg%gggﬁﬁré.?w§%%9%é§gﬁ(gf¥%e8&¥°“TH9359¥?$§¥§%

rown foamy material (9.64 g) was mixed wi

cryfl QQQ“WQPQ”%éggéﬁrﬂi%ﬂd#@%?&ﬁgﬁ%%ﬁkg%ﬁ;ﬁgggéT 2 under

trifluoroboron/die er complex (3.8 e’3

redGACHOR IRAUE Was stiged at {aemJemperature 91 2 A0S i nomethy1-4-
methylpyrrolidine-trifluoroacetate as white crystals (34.1 g).
[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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refluxed for 1 hour, and then concentrated under reduced pressure. The

residue was dissolved in a mixture of ethanol (300 mL) and water (100

mL), followed by addition of sodium 5 periodate (13.9 g) and stirring at

room temperature for 1 hour. The insoluble material in the reaction

mixture was then filtered and washed with ethanol (30 mL) . Th filtrgt
reac%ﬁ%n mixXgure was stﬁfre aa room tem e%ﬁt r, T, ours,

and the washings were combined and sodium borohydride ﬁ g) was

dded to the combined solution. The mixture was stirred at 10 roo

e AR eTatl e foh THOUY, tOerT5y ad N oshir BOIORycinds (581

and further stirrin,tgi%turé)o“rpatser%ple 1.5 hours. The insoluble

rature for
e S T BT BhE St 3oL

L) . The filtrate and t ashings were combined and,concentrated ..
(3qﬁu%%xeéﬁhedﬂﬁ?er Efd%.ﬁ%) %%fiowe U%XNa gl%lon E% %$1um

@)
e pressure. The fesulting resi &s dissolved i eth

perafeé%t e(3993“?5)’%35£‘88 V@%hi%aé‘f%":‘?}e%“%% %Xé%ﬁ%”ég)aé’&'?g OV§Y 1 nour.
anhydrous sodium Sulfate, and concentrated under re ed pressure.

Thel NG, ESHtINg regidue, was putified by %L!%g@fé £alumo ghromatography
(eluant: ethyl acetate: methanol = 20:1) 20 to give

filg’ %%)'Qﬁge%y%%%. Ooew'-éﬁ%q{gﬁvpafg%pliﬂg& yhmethandl 258 ang the

ale yellow tar 107] Process B: (3R,4S)-4-[(1S,2R)-1,2,3-

wa sﬂi‘!%’%é_o%}’@{%pléMH PHQ@'%‘QIB(%%% 9_?11"?}”(3 é@%tﬁ)ié'ﬁi‘ﬂ ne 23 (080 #ﬂ Dyas

were-dissolved in N,N-dimethylacetamide (12 mL). 74 While this solution

adJ4es E%i”%%@ @%&ﬁ%‘f‘f@&?@@ﬁ‘z&%}%w The mixture was stirred at

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 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-ol (0.76 g) and triethylamine

(0.60 mL) were dissolved in N,N-dimethylacetamide (12 mL).
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chloroformate (0.58 mL) was added dropwise and the mixture was stirred
for 1 hour, followed by addition of tetrahydrofuran (12 mL) and further
stirring for 30 min. The insoluble 5 material in the reaction mixture was
then filtered and washed with a 1:1 mixture of N,N-dimethylacetamide
an 8 tettahydrofuran, The fitraje and the washings were combined and, .,
concentrated under reduced pressure. Thé résu ing residue was
dissolved ina mpétuge8 pf a%hanol (32 LéaS d water g ngilg followeqC

Chléjdrd‘ftloonrg\fa soedium'perlo e&?@S% Cail% |Fr?r$gw%1? room em%%ré%?{e

.1 hour. The insoluble material in the, reactign mixture was filtered and

Stlv5ars ed with etr%aon%f’Tr?eoj;iﬁPa g%n%yth%é\;\gals%}r?gns v?/g\:zt%ﬁ%iﬁn%gréjnf rat

(1598ym borohydride (242 mg) was gfdodredz his, was fgﬂ%wel% E’gé PHEng at
room 1§tempera ure for ]hour, addition 6 acetone (2 mL) an

matSOREERITAion Hader redueed pressure. The esulting residue. W8S, g yasned
dissolved in et yl acetate (%o mf), Washed with saturated brine on x 20

wit L)Y died qyer anhydrous,sodiym sulfate, QQ%%%%%‘"%%%H under
reduced pressure. The resulting residue was purified by silica gel

t et%oé%?%r_cak_‘?i)? alpdrapiy «%’Ei"ﬁ%iﬁ@' a%%?t%‘t‘?'? meth y%%' g 52%% 0 986 ined

(3R, enzyloxycarbony ydroxypyrrolidin-3-yl)methanol as a

an%QQSh¥gﬂ%¥§@%%(%%%QQ)HQ&Q§L§5§¥§QéqZ§. The resulting residue

,4R)-(1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-

b¥e was
or

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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yl)methanol (503 mg) 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)
was added dropwise. After the reaction mixture was stirred at room
temperature for 5 hours, methanol (1 mL) was added and the mixture was
COnCEAMALN drer et ERREN b e AT LU St
acetate (5 ashed with saturated brine (2 x 10 10 dried over
R s STt Bk o BE Rt et Pt bl g e e
. The resultant resjdue was purified by silica gel column chromatography
i R e o) AR R A7 T Geal, T CWRTFLOYRRS
4R):-1-benzylox c:allrgo yl-3- bromomethyl-4-hydroxypyrrolidine as a mil .
o o T B S EABS TA-E S (M 1 MRS kg romsce
aled for. C13H17BINQ3(M;+H): 314.0392 Found 314.0346, 20 [0109]
7 A Af
T Bt A S U 1 Benmyiony A S rmomeigar~  2<°
hy. [OXYPYIT lidine,(2.70 wa%gi.sl§ Ivgd ig dichlgﬂromeh n (69m ).
th t (o t 5
P T S s R ks

noJiifiuonide (2,30 mLywas added. dropyise 76,apd, Ihe, Mbtyre.wag stirred

at room temperature for 20 hours.

concentrated under reduced pressure. The residue was dissolved
in ethyl acetate (50 mL), washed with saturated brine (2 x 10
mL), dried over 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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Following addition of a saturated aqueous solution of sodium bicarbonate
(30 mL) in an ice water bath, the dichloromethane layer was separated.
The dichloromethane layer was washed 5 sequentially with a saturated
agueous solution of sodium bicarbonate (30 mL) and saturated brine (30
andy g%grgﬁ’xot"% anh %?"%‘%Si %t%%' Hma%“'fraé%’ma”tde%%%%e%%@%%d &‘gﬁff 29, pours.
uced ‘pressure. The Tesulting residue was purified by silicagel Column

romatography (eluant; hexane: ethyl acetate = 2:1) to 10 give .
o R DaNOR eaboryi o b S EIS RGBS 2 SOdium

. yellow-brown tar. (2. ). [0110] Process B: (3 .
0P b A bomyEs BlomomelIZE MBS 1462 R e
was dissolved in toluene ( hrgL)dil o this s

Jution,
Ly HE SR AR (L o [8 IR EPNIRD Laver ras washed

erfll,éoro-l-octanecs}yIfonglfljilorid% é0.42 mlé) was Slibsequentl adde
11y : : T #
SeCﬁlr%BWfsae while the mixture was. chlﬁeg Th an'ice water bath. Ifwesrgaét%?l

bi @%‘%%"%%5 5(%’5‘99'&%5 ZQ{LQ S0 minand,then, afroonptemperature Ior 5.,

ours. Subsequently, 20 the mixture was poured on a silica gel pad and

ant¥aS §lited with, gthyl acetate (BQnrHLQToIQ%ﬂ & 1S G2 9”%8@9 ed
ting residu

under reduced pressure and the resu e was purified by silica

prJel column-ghromatggranhy, (eluant;hexane: ethyl ;acetate 5 2.1) 10 give, . |
(3S, 4S)-1-benzyloxycarbonyl-3 25 bromomethyl-4-fluoropyrrolidine as a

cofHMQIWHQ%ﬁg%%b@%%h§7ngyuant: 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: (35S, 4R)-1-Benzyloxycarbonyl-3-bromomethyl-4-
hydroxypyrrolidine (492 mg) was dissolved in toluene (1 mL).
To this solution, 1,8-diazabicyclo[5.4.0]Jundec-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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MS (FAB’): m/z=316 (M'+H) HRMS (FAB+) Calcd for C13H16BrFNO2
(M"+H): 316.0348 5 Found: 316.0362. [0111] Step 4:
(3S,4S)-1-Benzyloxycarbonyl-3-bromomethyl-4 fluoropyrrolidine (415 mg),
cyclopropylamine (0.91 mL) and 10 acetonitrile (3 mL) were mixed
together. The mixture was stirred at 80C for 6 hours and was

mg subsequently concentrated under reduced pressure. To the resulting

residue, cyclopr amine (4.55 mL) was added and the mixture was
15 S Linid &T80C 101 B

rre hours and was concentrated under reduced 15
eﬁjﬁrﬁ The residue was dissolved in ethyl acetate (15 mL), washed
with'sa uréted brine (2 x 5 mL), dried over anhydrous sodium sulfate, and

concentrated under redu ressure. T esulting residue was purified
ca Cydsi ica gglélg}ﬁ%n%iﬁgr%%c%répﬁﬁ ge1§a§r?téhexane: ethyl acetate = 2:1)
to giv élS)-l-benzyloxycarbonyl-3-cyclopropylaminomethyl-4-
Fo%fb%’ro%y%?dl%%e as a pale brown oil (239 mg). MS (FAB’): m/z=293
[Ol(MTH) HRMS (FAB+) Calcd for C16H2,FN,02(M +H): 293.1665 25
Found: 293.1698. 78 [0112]

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
(35, 4S)-1l-benzyloxycarbonyl-3-cyclopropylaminomethyl-4-
fluoropyrrolidine as a pale brown oil (239 mg).

MS (FAB"): m/z=293 (M'+H).
HRMS (FAB")
Calcd for CigH,,FN,O, (MT+H): 293.1665

Found: 293.1698.
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Step 5: (3S, 4S) -1-Benzyloxycarbonyl-3-cyclopropylaminomethyl-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

(0 9 The catalyst in the reaction mixture was filtered and was washed
with ethanol. The filtrate and the washings were combined and

concentrated under reduced 10 pressure. The resulting residue was

Ste %: .
distilled under reduced pressure to give

(BR,4 gs-S- lopropylaminomethyl-4- fluorgpyrrolidine as a.colarless oil .
L D o R G 1o e A e =4
Reference Example 852(P cess I). 15 113%1<Ref rence Example 16>

L AL 5T R 80) 2 erlog oA R Sty 4 b covh e 12 2 -
(Process 1Y) Step 1: 20, 1 . 5

Toy Fz?sz)S-&-t%e?tl-%%foxy%é oy iy droxypyrrolidin s yIiethanel (364 g) 27
and. triphenylphasphine (4.41 g) were_dissolved in

the ﬁ%égu%ﬁ RAgsR r§§§}nL roﬁwéﬁgg Tature for hours

] 1.5
N,N-dimethylacetamide . W e solution was chilled in an ice

uno‘[ég teg, b %&%P%ﬁeﬁr@ﬂ%&? G279 ﬂﬂedi%ﬂ%@f&@éa@% (180 WA i on

ded dropwise. The mixture was 25 stirred at room temperature for 13

mi SO fgliawed by additiony, £9,pf methanal (8, i), and GoREaNration. ¢i1+rate

under reduced pressure.

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) - (1l-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 g)
in dichloromethane (16 mL) was added dropwise. The mixture was

stirred at room temperature for 13 hours, followed by addition
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The resulting residue was dissolved in ethyl acetate (300 mL), washed
sequentially with water (100 mL) and saturated brine (100 mL), dried over
anhydrous sodium sulfate, and 5 concentrated under reduced pressure.
The resulting residue was purified by silica gel column chromatography

eluant: ethyl acetate: hexane = 2:1) to give (3S,4 %)-B-bro omethyl-I-tert-

o o AR A Do s uea e iSre
MS (EI'): m/z=279 (M,) HRMS (EI') Calcd for. C10H18BrNO3(M)):

The) AT PRl 5 0TIt 117 Tl Sith 3 PreReE e Fas e (300 mi),
R)-3-Bromomethyl-I-tert-hutoxycarbonyl-.4-hydroxypyrrolidine (1.97 .

wa B AR e i 2d i

illeg)ina ice yvater batarl\ %tpggsmigg li'f;urtrsifxlﬂ%adcee(l'%% L) was

di
(1 added drop\%lsee 20 and th(E:-‘1 lﬁﬁxture Wwas stirred at room temperature for 19
hour%.

Subae%u%pt!y, thi{e the reaction mixturer\ﬁlas chilled.in anice _ .
concen Ea S nae ecduce ressure. e resu tlﬂg estdue was
water bath, a saturated aqueous solution of sodium bicarbonate “(40 mL)

pur 3 %%d%‘g/aé‘&‘P}[%Qic%ofor{]‘&%”ne '&Xd%ég’né%éeﬁﬁg%ﬁi- E;T Sant: ethyl

ichloromeéthane layer was then washe 5 saturated

acdgueous;solution of SP?'?%”‘ picarhonate {20 fal,) and, 8 safurgted brine .,
(20 mL), dried over anhydrous sodium sulfate,

butoxycarbonyl-4-hydroxypyrrolidine as a milky white syrup

(3.17 g).

MS (EI'): m/z=279 (M').

HRMS (EI')

Calcd for CioH1gBrNO;(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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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)-3-bromomethyl-1 5
tert-butoxycarbonyl-4- fluoropyrrolidine as a yellow-brown tar (1.64 g).

0115] Pr cess B omo ethyl-I-tert-butox carbon |-
A hydre rox;rk?yrrcr)]lrdrné bng) Was sso\féed in ttlgﬁfuc(}ene (305hE) 4B Tattate

C}hrs solutron 1,8- Cdirazactirc clo %r (%%ndec -7-ene (0 5% mL) Was(?gded 4
an per?luoro Foc anesti ony ﬁ[Jorr e (8]@% mffwas hen adde |§§Sl ue
wa Whl{lerthg m&d re was chilled i |rian |cle Waterhbath After strrredvj

ﬁw(ﬁjr the reaction mrxf‘ure as pourea on & silica ge?gaa% as el?ffled

with 15 eth cetate 00 m The eluate was, gan trate under
he reauce(?pr sgure anéwlfhe resL%ltrng resro%e was %%r. l?é/ % H]ethyl -
ter ol% g)é:hrocrg%g)(gna ry Le%Liant hexane O]yl acetate = 2; &2 ‘gr\brown far

3-bromome hyl-I-tert- “butox car on fﬁuoropyrr ine as a
y éow oil (447 mg). 20 MS (EI'): m/z=281 (M"). HRMS (EI") Calcd for
Hci)78rFN02(M‘)' 281.0427 Found: 281.0470. [0116] Step 3: 25
[0 (§§ 4S) -3-Bromomethyl-I-tert-butoxycarbonyl-4- 81 fluoropyrrolidine (1.91
g) was mixed with cyclopropylamine

sSa

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]Jundec-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 CigHi7BrFNO, (M'): 281.0427
Found: 281.0470.

[0116]

Step 3:

(3S,4S) -3-Bromomethyl-1l-tert-butoxycarbonyl-4-
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(23.6 mL) . The mixture was stirred at 80C for 23 hours and was

concentrated under reduced pressure. The residue was dissolved in ethyl

acetate (100 mL), washed with saturated 5 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,
LGl AR HeKaha iyt motatd = 237 Gigried vieh Cyelopiopy tanine

35,49)-1-tert-butoxycarbonyl-3- , o
iy o SN A Sos e a8 s S0 e oA 180087

oo SRR EL IR HEIE A o L SN

. -1-t§rt-B toxycar oqu-B-c clopro y in metrevyl-zlﬁ flyoro, lrlrolidiner(l 81
Ollsg Was isé&v%aég tet?a%ey)(éj?gfﬁra% 10 m 3Tot is s%%ut%ﬁ%ltriffuac)?gaczae%ﬁ:d

b .acid @40 mly) w 20.added. The mixture was then stirred at ropm
rine X @?i{ drie oveﬁ andydrous o) 1uw]su ate, and
temperature tor ours and was allowed to stand overnight.

corinequently. (hg rea g%g@étﬁé%gvgggclogcen}r .éedﬁﬁg%%rtrlelq el 53 due was

pressure and the resulting residue was dissolved in trifluoroacetic acid

e {10 TS ot 04 SOOI B0 e

etH?%mgge@£@éuge§t9yg%%OBWJghq%%Q%S)—1—tert—butoxycarbonyl—3—

cyclopropylaminomethyl-4-fluoropyrrolidine as a pale brown oil

(1.67 g).

MS (EI'): m/z=258 (M').

HRMS (EI")

Calcd for Ci3H;3FN,0,(M'): 258.1744

Found: 258.1756.

[0117]

Step 4:
(3S,45)-1-tert-Butoxycarbonyl-3-cyclopropylaminomethyl-4-

fluoropyrrolidine (1.81 g) was dissolved in tetrahydrofuran

(10 mL). To this solution, trifluorocacetic 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 trifluoroacetic 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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tetrahydrofuran was added and the resulting crystals were filtered.
Washing the collected crystals with diisopropyl ether gave
(3R,4S)-3-cyclopropylaminomethyl-4 5 fluoropyrrolidine di-trifluoroacetate
(2.19 g). [0118] (3R,4S)-3-Cyclopropylaminomethyl-4-fluoropyrrolidine di-
tri Il,éoroacetate Q.OQ gg was dtissolve in d\/,vatecrjé‘S mL landt 30% g
TS A4uenus softtion of'sodidim hydfoxide was addied 16 make the™ 10'Solution
basic. The mixture was then extracted with dichl romethane% x.15mL).
e O Ethat e AT WaTe. Colbingd e G sHTyarg s < e
. .sodium sulfate, and concentrated under reduced.pressure. The resultin
£ (R ol “aaSh o 1RA G Bibsere o g (I jig TE0r P 1
cyclopropylaminomethyl-4-fluoropyrrolidine.as a colorless oil (785 mg) .
et lis S%F%O?Eg]’w{?g idgntclgaﬁ gg%%%&m%rg Ir}a%%%alﬁefd 2|n Reference
nthe

1
u
Example S.iE ample 1] 501.191 20 Synthesis of
fl — 2.1 .
5 gﬁgﬁ gﬁ%%yﬁ§#8§i2§% i uorogcetake ( 9 qg)
[0 1g}lghopropylaminomethyl-4-fluoro-|-pyrrolidinyl]-6-ﬂuoro-1,4-
Ihydro-8-methoxy-4-oxo-3-qunolinecarboxylic acid

BIS(a@gtgg@nggxg)8&&9@%‘!5%%‘3‘;}199%%%%@‘1@' uoropyrrolidine di-

methoxy-4-oxo-3-quinolinecarboxylato-03,04)boron (73.0 mg), 25

£ r BRI 3 cyclopropylarginomethyl-A-fluaropyroliding (39.0.09)s831) ang a
triethylamine (29.0 TL) and acetonitrile (2 mL) were mixed

30% aqueous solution of sodium hydroxide was added to make the

10 solution basic. The mixture 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-

15 cyclopropylaminomethyl—-4-fluoropyrrolidine as a colorless oil
(785 mg) . This compound was identical to the compound obtained
in Reference Example 8.
[Example 1]

[0119]

20 Synthesis of l-cyclopropyl-7-[(3S,4S)-3-

cyclopropylaminomethyl-4-fluoro-1-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-0°,0%) boron (73.0 mg),

25 (3R,4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine (30.0 mg),
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together. The reaction mixture was stirred at 60C for 3 hours and was
concentrated under reduced pressure. The resulting residue was purified
by silica gel column chromatography 5 (ethyl acetate: methanol = 5:1) and
the eluate was dissolved in 5% aqueous acetic acid (2 mL), followed by

stirring at 80C fi ours. Subsequently, the reaction. mixture was .
A et e e r et P aE e

aqueous solution of sodium hydroxide. The crystallized 10 salid wa
EodibiiRrS S SO0 iTonlce. The CoRahael A) SRl tiPor 3 hours

ressure to give 1-cyclopropyl-7-[(3S,4S)- .
ORI P an ot Iy G, T sesuiting
-dihydro-8-methaxy-4-0xo0-3-quinolinecarbo aci ale brown

e A CR e o 28 e PRI IO

308: AaddBRn Toung 230 Lt (Relg Al L0 A sso1vea

22H26F,
Civale LA o o R AL Ty

1 n Ygloptopylaminomethyl-4 flugrockpyrrolidipyli 1 £-difydio-8: 5 . 5y at so°c
metho y-4-oxo-%-qumollnecar oxylic acid Using

forbi5(3198{?%%'9)%‘8%“&8859%’9(53}",“%%‘%%Q%Q%%‘#Efni ture was washed
8-methoxy-4-oxo-3-quinolinecarboxylato-03,04)boron (70.0 mg) 84 an
witBRA8,3-cycloprorylaminomethyls4-fijarapyuolidine (300, ¢4 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-1l-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—-1l-pyrrolidinyl]-1,4-dihydro-8-

methoxy-4-oxo-3-quinolinecarboxylic acid

Using bis (acetato-0) (l1-cyclopropyl-7-fluoro-1,4-dihydro-

8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (70.0 mg)
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mg), the same procedure was followed as in Example 1 to give
1-cyclopropyl-7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-1,4-dihydro-8-methoxy-4-o0xo-3 5 quinolinecarboxylic acid as
a pale brown solid (41.0 mg). MS(EI) m/z: 415(M") HRMS(EI) Calcd for
C,,H26EN304: 415.1907 Found: 415.1881 10 [EX le 3] [0121]. ..
enm%ﬁgﬁéégiﬁ Rﬁ%ﬁmﬁgﬁﬂﬁﬁ ggﬁﬁsgithfﬁ—géE{w%roéjrro£1d1ne (30.0
cyclapropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-flupro-8- .
0 OO R 0T Ch Sy o TS T e Carbiy R ABR S Bty 91V
_ bis(acetato-0)(1-cyclopropyl:6,7-difluoro-8- . L L
A e S el R B AN
79.4. and (3R,4S)-3-cycloprppylaminomethyl-4- fluoropyrrolidine(30.0
rﬁS)—L lth%l]e](‘J Péglr%ﬁtje grbgeé?&?éngg fc%?o%/(v%gg as in éxg%%ltley 1 to give

.1-cyclopropyl-7- ,4S)-3 .2 .
o reors By BB cg b (41-0 ma)
iflyoromethogxy-1, 4-dihydro-4-oxo-3-quinolinecarboxylic acid as a white
us (LS (@?ﬁ'm%y}ﬁ\]%(é

) m/z: 469(M") HRMS(EI) 25 Calcd for
urfs (H43F4N304: 469.1625 85 Found: 469.1642

Py

Calcd for CyHy6FN304: 415.1907
Found: 415.1881

[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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[Example 4] [0122] Synthesis of 1-cyclopropyl-7-[(3S,4S)-3 5
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-8- difluoromethoxy-1,
4-dihydro-4-oxo-3-quinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-7-fluoro-8
- difluprg tch -1,4-dihydro-4-oxo-3-quinolinecarboxylato- 03,04)boron
OU(I}%A m%l);ea %%R,4S)-3-cyc|opropylaminomethyl-4- 10 fluoropyrrolidine

(30.0 mg)l, he same procedure was followed as in Example 1 to give

t
LB Spropyl-7-[(3S,4S)-3
opropylaminomethyl-4-fluoro-I-pyrrolidinyl]-8- difluoromethoxy-1,
[0 1?’%

dihy‘ﬁf&’%&“%‘i‘%"(ya%'eoe‘gﬁ%gH5?‘9?%%%%’%{%@8%%} 3-,Q)boron (300 86
mg) and trans-3-cyclopropylaminomethyl-4-methylpyrrolidine
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 C,H,4F3N304: 451.1719

Found: 451.1681

[Example 5]

[0123]

Synthesis of 1l-cyclopropyl-7-(trans—-3-cyclopropylaminomethyl-

4-methyl-1-pyrrolidinyl)-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-

3-quinolinecarboxylic acid

Using bis (acetato-0) (l-cyclopropyl-6, 7-difluoro-1,4-

dihydro-8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (300
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(135 mg), the same procedure was followed as in Example 1 to give
1-cyclopropyl-7-(trans-3-cyclopropylaminomethyl-4-methyl-
1-pyrrolidinyl)-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3 5
quinolinecarboxylic acid as pale yellow crystals (208 mg). MS(EI) m/z:

S AT A

ynth sis of 1- c clo prop |-7- grans 3-c pyla momethyl

P btort By B G Sats s 4 Qg a0 T Example 1 to

. _me 4 oxo 3 n lin carbox ¢ acid,15 Usin

glvbelsérI 3} orc;/rogyl €9 dlfll! OI’% Ilzprop;?lamlnomethyl 4-methyl-

8met XYz4+ 0-3-guin rbgoxyla 0304 horo 1300
o p&/n trans§8§/ oprop ammgomét% %3(% ﬁ)érggnet pzf/rr\éll meﬁ?

the sa edure way s follow d as | n Exam Ie 1.to Plve 5
u%ﬁcycSSﬁﬁ%k#%ﬁaﬁgs%ﬁf as pa e Oow ékysta 08 mg) .
MS f opr pylar;pénj) hyI -4-trifluoromethyl-I-pyrrolidinyl)-6-

uoro- 194 -dihydro [%%methoxy 4-0x0-3-quinolinecarboxylic acid as white

£ 1 &hystals, (129 ma) MS(FJ m/z: 483(M°) Elemental analysis (%) 25 Calcd
for C23H25F4 04 C;57.14, H; 5.21, N; 8.69 87 Found: C; 56.95, H;

ca2@ 884k, FN,0.: C; 64.32, H; 6.57, N; 9.78
Found: C; 63.95, H; 6.57, N; 9.69

[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—B—quinolinecarboxylato—o3Af)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 Cy3HysF4N30,: C; 57.14, H; 5.21, N; 8.69
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[Example 7] [0125] Synthesis of 1-cyclopropyl-7-[(3S,4R)-3 5
cyclopropylaminomethyl-4-methyl-l-pyrrolidinyl]-1,4-dihydro-8-
methoxy-4-oxo-3-quinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-7-fluoro-1,4-dihydro-
8-methoxy-4-0x0-3-quinolinecarhoxylato-03,04)boron (300 mg) and
FoU@gﬂI%—S%%/C%%fopﬁﬁargmgo%met {/I-é-mé’oe hylpyrrolidine(137 mg), 10 the
[Exsgnrlnq_gra};edure was followed as in Example 1 to give 1-
cycipoprop [-7-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-I-
00 o rolidinyl]-1,4-dihydro-8-methoxy-4-o0xo-3- quinolinecarboxylic acid as
ye Ig)w crystals (181 mg). MS(EI) m/z:411(11) 15 Elemental analysis (%)
:67.13H; ')1_032_1 Found: C; 67.11, H;

—4-methyl-1- r
me tNEHOXY-450%0-3-quinolinecarboxyic acid,Using; 4

B-mefhoxy-4;0r0:3-auinalinecarboxylaior03,04)horon (309 me) and, 25 aro-

(3S,4S)-3-cyc|opropy¥am|nomethyl-4-methylpyrrolld_ine j%137 mg), 88t
g-rSAMme precedyre was followed as in Example, 180 9vedy, o ron (300 mg) and

(3R, 4R) —3-cyclopropylaminomethyl-4-methylpyrrolidine (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—
gquinolinecarboxylic acid as yellow crystals (181 mg).
MS(EI) m/z:411(M")

Elemental analysis (%)

Calcd for Cy3HyoN304: 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-quinolinecarboxylic acid

Using bis(acetato-0) (1-cyclopropyl-7-fluoro-1,4-dihydro-
8-methoxy-4-oxo-3-quinolinecarboxylato-0°,0%) boron (300 mg) and

(35,4S) -3-cyclopropylaminomethyl—-4-methylpyrrolidine (137 mg),

88



cyclopropyl-7-[(3R,4S)-3-cyclopropylaminomethyl-4-methyl-I-
pyrrolidinyl]-1,4-dihydro-8-methoxy-4-o0xo-3 quinolinecarboxylic acid as
yellow prism crystals (162 mg). 5 MS(EI) m/z: 411(M") Elemental analysis
(%) Calcd for C23H29N304: C; 67.13, H; 7.10, N; 10.21 Found: C; 67.04,
th%:%é%gbg%é%%_ Engtg?%Lf{g8%57£%w¥ge%§égple 1 to give 1-

clopropylaminomethyl-4-flyoro-I-pyrrolidinyl]-6-fluoro-1.4- L
o R o Kok 3 G L B Gk Uty 1 ~4-methy1 -1
bis(acetato-0)(1-cyclopropyl-6,7-diflugro-1,4- 15
pyrdﬁﬁ;&%@%éﬁ@&%% -aaingc()jlirﬁg%ag%%yléto%g, 8) boron (73.0 mg)
and (3R,4R)-3-cyclopropylaminomethyl-4- fluoropyrrolidine (30.0 the
quls%(?drllél Bréoccae} u(rjéy %//\Iiaé oﬁév&gj Hs i?ﬂel':i;(haorﬁ]pI]grllt%))%gi\cler ysgﬁs m% mg) -
-cyclopropyl:7-[(3S,4R)-3-
M3 (gg/%l{oprpggy'lar%?nloﬁ%hyM-ﬂuoro-l-pyrrolidinyl]-6-f|uoro-1,4 20
dihydro-8-methoxy-4-ox0:3-quinolinecarboxylic acid as white crystals
Ele(I?IS.dcmb).al\r/ll%??]géi n?/z) 434(MH’) Elemental analysis (%) Calcd for
ca 2 REINA0NCH 0098, 1783, Ni 69, 25 Found; 6: 0.76, Hi 572

N; 9.32 89 [Example 10
Found: C; 67.04, H; 7.15, N; 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) (l-cyclopropyl-6, 7-difluoro-1,4-
dihydro—8—methoxy—4—oxo—B—quinolinecarboxylato—o3Af)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-1-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 C,yH,sF,N304: C; 60.96, H; 5.81, N; 9.69

Found: C; 60.76, H; 5.72, N; 9.32
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[0128] Synthesis of 1-cyclopropyl-7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-fluoro-1,4- 5
dihydro-8-methyl-4-oxo-3-quinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-6,7-difluoro-1,4-

E dit%irg)-& ethyl-4-oxo-3-quinolinecarboxylato-03,04)boron (200 mg) and
X(% ) -é@/clopropylaminomethyl-4-f|uoropyrro|idine (85.4 mg), the

[0 e procedure was followed as in Example 1 to 10 give
1?Eg:gclopropyl-%[(SS,4S)-3-cyc|opropylaminomethyl-4-

PO o s pen o0
cyd L for &, HIOF N393:14181942 Founds 1 4-

dihydro-4-0x0-8-methaxy-3-quinolin
e T e

il CYel -1A-dibydro-8:met B35 v1ato-0°, 04) boron

e o pg ey Las gl 0% boron (200

mg)CYEIRRrqRylaminomethy Eﬁ?ﬁ%‘?&%ﬁ)’f%%‘&n@%ﬁﬁ% the ﬁ%‘?&p?? rolidine

procedure was followed as in Example 1 to give 7-[(3S,4S)-3

(85.4 mg), the same procedure was followed as in Example 1 to

C'?8éwgﬂ¥¥qé¥wlﬁifluoro—l,4—

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 C,oHoeFoN3O3: 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,4S)-3-

cyclopropylaminomethyl-4-fluoropyrrolidine (118 mg), the same
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cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-fluoro-I- [(1R,
2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-8-methoxy-3-
quinolinecarboxylic acid as a pale yellow solid (145 mg). 5 MS(FAB") m/z:
452(MH‘) Elemental analysis (%) Calcd for C22H24F3N304 0.5H20: C;
9, H; 5.47, %I ?131 F und C; 57 45, 8, N 9. 06#5%3 Ig 1%;5
prof(? 150] E9fthesis of 7 [{3849) - cy@IoBropy anfinofet ro 4k

yrrolidi 6f|uoro I[l 2 ) fluoroc clopro 8- dlfl omethox
<Y 8@1%?(?—1 %oxo- i?qwl(1 :?’L]ecz?ar oxyllc aéd Pgﬂldmy f 6" %h'L S/ro -
at 0)[6,7- dlfluor 1R,2S)-2
u’orocjclé}prc%[gyiag dcf)(uorohge?ﬁaa %oéllhy&ro- -oxo-43-OXO g-methoxy-3-
ollnecar oxylat 0_03 O4]boron (334 m 3R, 4
qul 1nec 93 oﬁetﬁyﬁijﬂu i Q{aa%WO(AI %Eg é145 mg) .

cyc opropylamin oropyrroEﬁ ine (122'mg), e s5m

MS &rg&egure Was %I Wﬁg s in Example 1 to give 7-[(3S,4S)-3-
cyc opropylamlnomet yl-4-fluoro-I-pyrrolidinyl]-6-fluoro-1 20

51 dER §§i 2-fluorog clop(rppyl] -8-difluoromethoxy-1,4-dihydro-4-
0XO- qumo inecar oxyllc acid as a pale yellow solid (84.0 mg).

o A e o] P e e B gt Phimel- & 530D, B 3,

Foddd®O8; 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-1-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 CyHyFsN304: C; 54.21, H; 4.55, N; 8.62
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[Example 13] [0131] Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I- 5
pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-1,4
dihydro-4-oxo-8-methyl-3-quinolinecarboxylic acid Using

bls(ac tato-0) 7 difluoro- (1R 2S)-2
Ufﬁljoroéé‘ycI(()%pgo[gyl] 14 dﬁ%yéﬁd 8-met yPZ? -0x0-3-

anInTIneff%l boxylato-03,04]boron (213 mg) and (3R,4S)-3 10
cy opropy

ﬁedure was followed as in Example 1 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-fluoro-I-

sydRaPl Zfuofo _V@%pf&’QY'lzl +-dinydro-4

minomethyl-4-fluoropyrrolidine (94.9 mg), the same

QxS )
0x0-B-methoxy- %‘%JB a{%’[’%’“‘% a&!@f%%&’?!ﬁgl (1R, 28) -2~
bis(acetato-0)[7- quoro-- )-22 92
£1.JIwoocyclopropyl-1 A-dihydro-&:methoxysd=04Q:3- 4 o x0-3-
quinolinecarboxylato—o3,O4]boron (213 mg) and (3R,4S)-3-

10 cyclopropylaminomethyl-4-fluoropyrrolidine (94.9 mg), the same
procedure was followed as in Example 1 to give 7-[(3S,4S)-3-
cyclopropylaminomethyl-4-fluoro-1-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 (15.8 mg).

MS (FAB") m/z: 436 (MH")
HRMS (ET)
Calcd for CyoHysF3N3O3: 436.1848
Found: 436.1878
20 [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

25 Using bis (acetato-0) [7T-fluoro-1-[ (1R, 2S)-2-
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quinolinecarboxylato-03,04]boron (199 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (81.7 mg), the same
procedure was followed as in Example 1 to give 7-[(3S,4S)-3 5
cyclopropylaminomethyl-4- quoro I pyrrolidinyl] -1-[(1R,2S)-2-

fluorocyclopro 4-dihydr ethoxy-3- quinolinecarboxylic
fluor&a iCP %)é\%f} s%h g]io SEABYY /2%4 “) Elemental

qulglg ylsli—llzeun(% %’@é@% & G,%%ng %84[@)1%%%06 ?5]61?65123&?%?/ EZI:?eS|s of
I hI fl -
ey T et a4 S At Pt 7 m9)/ the same
n

uinolinecarboxylic acid Usi .
Q% étcetato %?[1¥e%? %I Iﬁuoro 1?%?%?&%-81— to give 7-[(35,4S)-3-

th -470%0-3- I lat -03, 4]b . 88 ) an .
ST °X%%?og'y”f%l'|”.l§3?nr2f°€¥0‘i‘fju RS e
same. procedure w. W xample 1 to gi
éré.) cg% ég ggylgn%ng%e% f-4- f%o(?o pérrrgll IT{_}

qulerIQX' %LHQ%‘&Q I%Qr%g’ ethoxy-4-0x0-3; gyingling %%IP8XV'I&%C'II]$§.
brown crystals (135 mg). MS(FAB') m/z: 422(MH") 25 Element
MS (%I’}@éy§lsn(%2 93&@%4@{ C21H25F2N304: C; 59.85, H; 5.98, N; 9.97

Elemental analysis (%)

Calcd for C,HysF,N30,-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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Found: C; 59.89, H; 5.90, N; 9.97 [Example 16] [0134] 5 Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6-fluoro-1-(2-fluoroethyl)-1,4-dihydro-8-
methoxy-4-oxo-3-quinolinecarboxylic acid Using
bis(acetat -O)ﬁ?,?- ifluoro-I-(2-fluorgethyl)-1,4- ]
Calo%ﬁycfr%%-%fé 6% -i—g 4x'o-§-’qu%ngdlf%ﬂc%eba%ox§la%§-03%4]t%dr%7n (300 10
mq) and (3R,45)-3-cyclapropylamingmethyl-4-fluoropyrrolidine (122 mg),
Fo Hg 'sa?ﬁe %%bgéme%\iva% fo%F%ﬂNaé@ag |"n8 xample 1 to give
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
[Expay‘[épo%%i%ﬁ:j&ﬂuoro-l-(2-fluoroethyl)-1,4-dihydro-8-
0118 oxy-4-ox0-3-quinolinecarboxylic acid as pale brown 15 crystals (112
mg). MS(FAB") m/z:440(MH") Elemental analysis (%) Calcd for
1.0.25H20: C; 56,82, H; .50, N: 9.47. Found: C56. 99,1 -

(2-fluoroet y,—1l,4-dihydro-8-

ne YOO MENON4-010,3 guinolinecarboxylc acid 25 Using
dihydro;8:nethaxy:4:0x03-ayinplinecarbexylatos03. Q) beran@12e 1) -1, 4

dihydro—8—methoxy—4—oxo—B—quinolinecarboxylato—oa(f]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 Cy1Ho4F3N3040.25H,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) (l-cyclopropyl-6, 7-difluoro-1,4-
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mg) and (3R,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine (84.8
mg), the same procedure was followed as in Example 1 to give
1-cyclopropyl-7-[(3S,4R)-3-cyclopropylaminomethyl-4 5
methyl-1-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-

.-quinoli haxylic acid le yellow, solid (123 mg).. MS(EAB’) m/z:
AR o ndiyei (o8 Caled for CRSLomNAGA: & ba Ao gron (212
6.57, N; 8 F d: C; 64.04, H; 6,53, N; 9.72 [ 8] [013 .
nmﬂsﬁ%ﬁe§§%fi%g%éﬁggﬁégﬁﬁggzigminomeé%y%—§K%QQE§%JyLrofldlne

cyclopropylaminomethyl-4-methyl-I-pyrrolidiny/]-6-flugro-1,4- 15
O AR RO b Al e A BRI S e L0 Example 1 to

. bi tato-0)(1- -6, 7-difl -1.4- )
i O e oy oprgoyd aminemsrhvd d-
(3R,4S)-3-cycl laminomethyl-4-meth lidipe (84.8 mq) the .
e e B Y ol Ben AR My Do

1-cyclopropyl-7- ,4S)-3-cyclopraopylaminomethyl-4-. - .
T O Tear oI -y T B ey 3 2keds. (123 m9)

Ms Guinelin ﬁgbm%ig a@g s a pale yellow solid (106 mg). MS(FAB")

m/z:4 O%ﬁ/IH‘) EIementaI)aanalysis (%) 25 Calcd for

Ele%%lﬂ%%ﬁg%gﬁgg@—lzp% )C; 62.36, H; 6.71, N; 9.48 95 Found: C; 62.65,
H; 6.53, N; 9.44

Calcd for C23H28FN304Z C; 64.32, H; 6.57, N; 9.78

Found: C; 64.04, H; 6.53, N; 9.72

[Example 18]

[0136]

Synthesis of l-cyclopropyl-7—-[(3S,45)-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—B—quinolinecarboxylato—oa(f)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-1-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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[Example 19] [0137] Synthesis of 1-cyclopropyl-7-[(3R,4S)-3 5
cyclopropylaminomethyl-4-methyl-I-pyrrolidinyl]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo0-3-quinolinecarboxylic acid Using
bis(acetato-0)(1-cyclopropyl-6,7-difluoro-1,4-
dlgydr -8- ett%%xy -4- oxg-%—gumﬁlm oxylato-03,04)boron (212 mg)
d'(3S,4S)-3- cyi:lop‘ropy1amlnor(1e -methylpyrrolidine 10 (84.8 mq),
E the Sﬁlme R cedure was followed as |n Example 1to give
Xf‘c;? clopropyl-7-[(3R,4S)-3-cyclopropylaminomethyl-4-
[01@% yl-1-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
qui ollnecarboxyllc acid as a pale yellow powder (131 mg). MS(FAB")

=63 : Found: C; 63.77, H;
Cye Oplqopxﬁ‘g Eé%ﬂé’;%%&lﬁ%3e%&%im ' $9idiny1]-6-fluoro-1, 4
I=CYCIOPIopYyI-7-[(oR4R)=-5-
§yslopropylaminomethyl4:methyllipyrialidinvll: g
ﬁ-%&%@%&@X‘%Y ﬂ% 8 éro —-difluoro—

bis( el s
d|h ro-8-methoxy-4-oxo-3-quino mecar oxyla 03 O4)boron (212 25

dﬂﬁ)@r@”% (FRAR):3;Cvelopr QQX'a%?JE‘%’ES‘ﬂWé éa%ﬂlyrﬁy&oé'%ﬁe, 86¥4:8n (212

mg), the same procedure was followed as in Example

ro-1 4ac

gl d

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,gFN304:0.25H,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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give 1-cyclopropyl-7-[(3R,4R)-3-cyclopropylaminomethyl-4-
methyl-1-pyrrolidinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid as a pale yellow powder (85.3 mg). 5 MS(FAB")
m/z: 430(MH") Elemental analysis (%) Calcd for C23H28FN304.0.5H20:
C; 63.00, H; 6.67, N; 9.58 Found: C; 62.89, H; 6.43, N; 9.58 [Example 21]
(4113 syApesis fzr@,é,ewf.cva%p;fo%lr&%%“maewi&nxe% yias 1 o
. _pyrrolidinyl]-6-fluoro:I-[(1R,25)-2-fluorocyclopropyl]-1,4- . L
o B N AR -0k AL e oMo BO A Uy mome by 14

is(acetato-0)[6,7-difluoro-I-[(1R,2S)-2- 15 , .. o a4
ooy ORI 4.y it-b Tethor 4 o¥b-5y 20—t oy ~a-ox0-3
.quinalinecarboxylato-03,04]horon (130 and (3R,4R)-3-
e B e oo op S Wbl (85.3 o).

edure was wﬁg s in Example 1 to give 7-[(3S,4R)-3-
M3 @;%%ogrorﬁ{/lgfnié%lr?et yla-methyl-l-pyrrolidinyI]-6-quoro-I 20

EleL(le’ i—Z-quolro ¥Lclo ro yl]-1,4-dihydro-8-methoxy-4-0xo0-3-
qu?ﬁcﬁ%ecg%aox{/ﬁc gcﬁd a& a pale yellow solid (45.7 mg). MS(FAB")

o B RS N6, 21 35 Cout €607, 6.0 N: 175700
rodf¥@mPle 83l g9, u; 6.43, N; 9.58

[Example 21]

[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 Cy3Hy7F2N3040.5H,0: C; 60.52, H; 6.18, N; 9.21

Found: C; 60.57, H; 6.01, N; 9.17
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[0140] Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-methyl-I-
pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-1,4- 5
dihydro-8-methoxy-4-oxo0-3-quinolinecarboxylic acid Using
bis(acetato-0)[6,7-difluoro-I-[(1R,2S)-2-
E }g‘!&%)r%%/c ropyl]-1,4-dihydro-8-methoxy-4-0xo-3-
quiﬁo inecarboxylato-03,04]boron (130 mg) and (3R,4S)-3-
[0101}/8(lgopropylaminomethyl-4-methylpyrrolidine (50.0 mg), the same 10

procedure was followed as in Example 1 to give 7-[(3S,4S)-3-
clopropylaminomethyl; 4-methyll-gyrrolidinyll-6-fluoro-k, 14 metny1-1-

MBEARA -1, 4

.30 Found: C:.61.08, H;
c1d

Xylic a

7-1(3S.4S)-3-cycl lami hyd-4-1uoro-I-
[(33:49) lﬁ%&@%é’%’a%@m&’ ’x_dl%r@oﬁ?a&iﬁ [

pyrrolidinyf}- uoro-1,4-diydro-4-oxo- olsr%gc’a%gc))fﬁi?:) acid
- -,7o-'l -1,4-dihydra-4-0x0-3; quinelinecarboxylic)-acid (253
flll].rﬁg)gqé(%lgh )-?§ g&i&b?o%%r%ﬁ%?nghq{y‘ggf g‘é?r%pi}/)rr%%gin%a(lm mgQ),

quih8198 diazabicysiols 4.0 jusder rene (164 Thiand agetpaitriledp_ 5

cyclopropylaminomethyl-4-methylpyrrolidine (50.0 mg), 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-
guinolinecarboxylic acid as a pale yellow solid (61.4 mqg).
MS (FAB") m/z:448 (MH")

Elemental analysis (%)

Calcd for C,3H,F,N30,-0.25H,0: C; 61.12, H; 6.13, N; 9.30
Found: C; 61.08, H; 6.04, N; 9.18

[Example 23]

[0141]

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), 1,8-
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mL) were mixed together. The mixture was refluxed for 3 hours while
being stirred. Subsequently, the reaction mixture was concentrated under
reduced pressure and water (3 mL) was added 5 to the resulting residue.
The crystallized product was filtered, washed with water, and

. rec stalll omeh nol to g| e N
laff(géczlysc) )glclopr&op Vammomyetﬁﬂ Adgro-pL) and acetonitrile (5

pyrrolidinyl]-1- [-6-fluoro-1,4-dih dro -0X0-3- quinolinecarbagxylic acid
mh )asaw%lt%{ crys% V}y&%%lc gf. 10 FIB\JBX) m?z g@?ﬁ?%emgen%a 9nours

analysis (%) Calcd for, C2 3F2N30 7,H;5.92, N; 10.
nifE lé fs“ﬁ F10, KA e ST T piaab By Riaszs; 2
(3 rop laminome I4f|uoro|
Conp%/%ro d|n uoro{:pl A%Eyaro 4- oxo SW qumollnecalb)oxyfjs added
to deUrSIensQﬁb tf}}/l 61‘7@:{931; %%qr:’?g% 4 dlh%( 54865 12@0? product was

quinolinecarboxyfic acid

fi f%gngOp%%nh ?Feka4f%%”%py”0“ n8$%2849%%§ From ethanol

proce lre was followed as in Example 23 to gl

to J?l%’rgp ﬁ@é“%@?th? %;}3‘&‘?5%8%@59' ny| r"neeé%()ﬁﬁ fluo

uoro 1,4-dihydro-4-oxo- -qumollneca oxylic acidas a 25 palre ge]llaw

oy ¥SRLE40MA). 99 MS(FABIMZ 410MMHY): 1y dro-4-0x0-3-
quinolinecarboxylic acid as a white crystal (248 mg).
MS (FAB") m/z: 392 (MH")

Elemental analysis (%)

Calcd for C,oH,3F,N305: 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-

quinolinecarboxylic acid

Using l-ethyl-6,7,8-trifluoro-1,4-dihydro-4-oxo-3—
gquinolinecarboxylic 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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Elemental analysis (%) Calcd for C20H22F3N303: C; 58.68, H; 5.42, N;

10.26 Found: C; 58.59, H; 5.33, N; 10.22 5 [Example 25] [0143]

Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-

pyrrolidinyl]-6-fluoro-1-(2-fluoroethyl)-1,4-dihydro-4-oxo-3-

inglinecarboxyli id 10 Using

MS ,%‘-Bdi#IuE)n o%lf(z)%u% oetHyl)-1,4-dihydro-4-ox0-3 quinolinecarboxylic acid
271 mq) %ndaEBRAS)-%% cyclopropylaminomethyl-4-fluoropyrrolidine (174

u

Elemafﬁ e same Y)Fo’olcséd ré was followed as in Example 23 to give

7-[(3S,4S)-3- cycloprapylaminomethyl-4-flugro-J-pyrrolidinyl]-6-fluoro-I-(2
CallqagflE@rgeﬁfﬁlsng%lf%?@ﬁdrﬁ-o%%n -qUin%ﬁn%gc'aJr bxylic ;{(]Iél(d %fg a pale
ellow powder (186 mq) (FAB) m{z:410(MH") Elemental analysis (%)
Fo%éj{éd ér\%%oééﬁé%(?s. 4H20: EHS% 6, H; 5.52, N; 10.09 20 Found:
C;57.82,H;5.31, N; 10.04 [Example 26] [0144] Synthesis of
[E&ﬁﬂ%é%g)%-cyclopropylaminomethyl-4-f|uoro-|-
[0 1p4y§r]olidinyI]-6,8-dif|uoro-|-(2-f|uoroethyl)-l,4-dihydro-4- 25
0x0-3-quinolinecarboxylic acid 100 Using

Syﬁ%%é%q@u8¥}HG%ﬂ%@?ﬁ%»®§Lé§%Hgyggﬁylaminomethyl—4—fluoro—l—

pyrrolidinyl]-6-fluoro—-1-(2-fluoroethyl)-1,4-dihydro-4-oxo-3—

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-1l-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,oH2F3N303°0.4H,0: 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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oxo0-3-quinolinecarboxylic acid (200 mg) and (3R,4S)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (120 mg), the same
procedure was followed as in Example 23 to give 7-[(3S,4S)-3 5
cyclopropylaminomethyl-4-fluoro-I- pyrrolidinyl] -6,8- difluoro-

1-(2- fluoroet yl)§84 ihydro-4-oxo 3 |n ecarbo acd as p. L
yeIIow crygtal%s' ( O%ng %l%/lgiﬁﬂB ) %?ﬁl?[e) e%ta a% ?ly%dro 4

10 Calcd.for C20H21F4N303: C; :4.95, N; 9. nd: C;
SBEATE 7N S0 e 271 [gﬁé’i mes“éloé 3, ey
(BS I th I 4-f| I
YT Moo T 4 dyAle.al 20 m9), Ehe same
018nahth e3crbo lic acid Usin
profc oro- 6“??uoro? 2 uoro):)yI ili?L fieq 23 to give 7-1(33,48)-3-
dro-4- x018n th ridin 3carb ylic aci (3 5m) 3
C-‘f% RSP a%%“p%% el ﬁozfﬁu"éiopp%a?&.nﬁﬁé% 2% B5digtooro
Qce s foljowe nE ample 23 to e
f?@g O(f%tcllt‘ pwrlgpyaglm\r%o%g%;h IuoPrPo I%y?% Iglv IT%ecarboxyllc acid
a5 Toe L2 dlvormen) Tauiygotoo-LE
0X |c aci

nap thyrl ine-3-car as a pae yellow powder (229 mg). 25

ms MBEFAB),miz: A7 (Mi+) 101 Elemental analysis (%)

Elemental analysis (%)

Calcd for CyoH,1F4N303: C; 56.21, H; 4.95, N; 9.83
Found: C; 55.81, H; 4.77, N; 9.80

[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 C23H20F4N403: C; 57.98, H; 4.23, N; 11.76 Found: C; 57.80,
H; 4.10, N; 11.67 [Example 28] 5 [0146] Synthesis of
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-

21 9X0-3-9 flnolmgcarboxylgc acid Using
. 7-diffuoro-15{2 4 diflu henyl) 1,4-dihydro-4- 10

0XQ-3-qul ecarboxylic Cld( 3Zmg).and (
cal§ Cc(i:)lg%pro Q%?%ﬁ‘fg i éﬁll 4é:‘luor§pygr$2h %1$;|:3mg ithé safte

rqcedure was followed Exampl to give 7-[(3S,4S)-3-
FOng%lo&?ﬁpyﬁmﬁ%’mé}{hyﬁ%ﬂgorg\ﬁ-p@riozl%lnyl] 6-fluoro-I-

X(2 glflu phenyl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic 15 acid as a
]1? yellow owder (309 mg). MS(FAB’) m/z: 476(MH") Elemental
[0 aﬂ?agy5|s (%) Calcd for C24H21F4N303.0.25H20: C; 60.06, H; 4.52, N;
Found: C; 60.18, H; 4.35, N; 8.84 20 [Example 29] [0147]

Sy %%nthess %17@’?'&0 O@Q <7- gg@ 4(§_)63-r

OXGL%—%PDHB’I@% Q%Q%yi@ %&@83 mg) and (3R 45)-3-

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-1-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-1-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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cyclopropylaminomethyl-4-fluoropyrrolidine (190 mg), the same
procedure was followed as in Example 23 to give 1-cyclopropyl-
7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl] 5
6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid as a white

owder (79.4.mg). MS(FAB.) m/z; 405(MH") Elemental analysis (%)
L et CSOHB S ENAOS DOk A ot 6874, f S 86 N L0 0 ) -
cyci%%%%g%g‘gﬂ%%gge é;x'_%'_ﬂﬂl%f%gégwlreoﬂ]d 01’116481 ?yg tl‘rlneg'[S )IS, Ofthe same
cyclopropylami thyl-4-fluora-I-pyrrolidinyl]-6-fluoro-1,4- 15 B
P Tbh 0.3 O oalo U EH Obhg o B0 I-cyeLopzopy]
-difluoro-1,4-d -3- C inolineganbox?ic

- | I- i , ihydro-4-ox id.
T e e oy pv 11 -

6—%19_%))9 é%%;—r%%%‘lﬁ O‘Bﬁ%%?éji% was followed, as;in £xample 2310 gVG o y1ic acid

as 75[(%§i4tse)-%§%g§gropy@.r%n methyl-4-f|uoro-|-pyrro|idinyl]-

6-fluoro-1,4-dihydro-4-oxo qffinc')linecarboxylic acid as pale yellow

MS (:Er%%ta)ls Q@:m%d\@g;(?g) m/z: 404(MH") Elemental analysis (%) 25
Calcd for C21H23F2N303: C; 62.52, H; 5.75, N; 10.42 103 Found: C;

£18edhtt 2081 M 1028

Calcd for C20H22F2N4O3' 0. 25H203 C,' 58. 74, H,' 5. 55, N,' 13.70

Found: C; 58.98, H; 5.34, N; 13.70

[Example 30]

[0148]

Synthesis of l-cyclopropyl-7—-[(3S,45)-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-1l-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 Cy1Hy3F9N305: C; 62.52, H; 5.75, N; 10.42
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[Example 31] [0149] Synthesis of 1-cyclopropyl-7-[(3S,4S)-3 5
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6,8-difluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid Using
1-cyclopropyl-6,7,8-trifluoro-1,4-dihydro-4-oxo-3- quinolinecarboxylic acid

Fou(gg@ n&g) a&d. §3 ,4§)-35 %%Is)prh?,pylradm me_thyl-4-f|uoropyrrohqllne (142
mgq), thé same 10 procedure Was followed as in Example 23 to give

1-cyclopropyl-
[EXﬁﬂé%%sg%/-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-
0 164 -difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid as a pale yellow
crygtals (157 mg). MS(FAB") m/z: 422(MH") 15 Elemental analysis (%)

Icd for C21H22F3N303: C; 59.85, H; _;39;97 Found: C; 59.53, H;
Sl S cyclo ( .

]-6,8-difluoro—

OXO'%'W'iP$8§r ﬁ}é'%%%ﬁ)?i%()q F%Q)taﬁdf(f’&%@'???—dihydro—zl—oxo—3—
cyclopropylaminomethyl-4-filuoropyrrolidine (174 mg), the same™ 104
quiRiBsedwe was tallowed as;in Example 23 10,9ive Sxchiarp-ly
cyclopropylaminomethyl-4-fluoropyrrolidine (142 mg), the same
procedure was followed as in Example 23 to give l-cyclopropyl-
7-1(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-1l-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,1HoF3N303: 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—-1[(3S,4S5)-3-

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

pyrrolidinyl]-6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid as a

pale yellow solid (218 mg). 5 MS(FAB") m/z: 438(MH") Elemental

analysis (%) Calcd for C21H2201F2N303.0.2H20: C; 57.13, H; 5.11, N;

9.52 Found: C; 57.19, H; 4.97, N; 9,49 [Example 33] 10,[015]] Synthesis_
eS8 A5 LR R RO oG T Give B-HIOFS™1

yrrolidinyl]-6:fluoro-I-[(1R,2S)-2-flyorocyclopropyl]-1,4- L L
oy R OR 01 B AGpRTy are L AR SR S g1 -4 FLuoro-1

7-chlora-6-fluoro-I-[(1R,2S)-2-fluoracyclopropyl]- 15 , . . .
PV S A o A B Rty AAbeg e Bt (00 BRgemomy e

(3R.4S)-3-cyclopropylaminomethyl-4-flyoropyrrolidine (116 mg), the same
aClpgroélesd G reva/Xf;lEse fol I%%vie%wassiﬁléx%rrg%é%én t(g%jive

-[( ,4S)-3-,cy§> ropylaminomethyl-4-fluoro-I-pyrrolidinyl]-
M3 @ gﬁo- -((_ZLR,ZE £§)(-i%{}l?griocyclopropyl]-1,4-dihydro-4-oxo 20

1,8-naphthyridine-3-carhqxylic acid as pale yellow crystals (101 mg).
EleI\I}I1 ?E&E)é])%ﬁ ziﬁ%(c'Ml—(l‘)q Elemental analysis (%) Calcd for

LRI R BN 200050
9

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-1l-pyrrolidinyl]—-
6—-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-

1, 8—naphthyridine-3-carboxylic acid as pale yellow crystals
(101 mgqg) .

MS (FAB") m/z: 423 (MH")

Elemental analysis (%)

Calcd for CyoHy1F3N4053°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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[0152] Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6-fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-1,4- 5
dihydro-4-oxo-3-quinolinecarboxylic acid Using
6,7-difluoro-I-[(1R,2S)-2-fluorocyclopropyl]-1,4-
E dih ro-Ag-gxo-S-quinolinecarboxylic acid (283 mg) and (3R,4S)-
S propylaminomethyl-4-fluoropyrrolidine (190 mg), the same
[0 gedure was followed as in Example 23 to give 7 10
][pf! ,4S)-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-

sy D M e o

QLI

S%—3-(.: c(ijo r@élarﬁcirlieﬁlﬁfluorl-Z
. ) ) LT pyl]'
1,4-dihydro-4-0x0-3-quin Iinoe_ rhoxylic acid Usi Jorocvelobro B B
6,7&@. Iﬁ%rgg-f-?(llgb u%ﬁuo%c%g%%fo%%]-lz’ £y yelopropyl]-1,4

1 iy Adinydrg:4-0x0-3-qyingline - i 1 drg) an -
d ( éllI%,(il(lBS)%-chclo)é)ropy g{%%%m%%é%%%%%g%%y(ﬁgﬁﬁiéﬁgo n%)), 25Ct1he( 3R, 48)
3—%&%@%% e was followed as jn Example 2310 give.7- 40%) 1q) , the

-3-cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-

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-
gquinolinecarboxylic acid as pale yellow crystals (203 mg).

MS (FAB') m/z: 422 (MH")

Elemental analysis (%)

Calcd for CyH,F3N305°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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6,8-difluoro-I-[(1R, 2S)-2-fluorocyclopropyl]-1,4-dihydro-4-
oxo-3-quinolinecarboxylic acid as pale yellow crystals (231 mg). 5
MS(FAB) m/z:440(MH") Elemental analysis (%) Calcd for
C21H21F4N303.0.25H20: C; 56.82, H; 4.88, N; 9.47 Found: C; 56.91, H;

467 N_ {ﬁ%§§%$ FEB £104015%% 3}?Zuoro l-pyrrolidinyl]-

hIo opropy amln
| -1- | -6-fl 2S 2 fluo ]-1, .
Sfué)ih%g %yrrgxliojmquu%fotljl?léiar% ):}Ilcg aud%é oggPﬁ'?)il s A-dihydro-d-

3-chlora- 6,7 dlfluoro-- 1R,25)-2- fluprocyclopropyl
0X0 gﬁ%am) kg 3 é) gzpé%%rﬁiélqy crystals (231

0X0-3-4u quinoli ?Znecarboxyllc aci
)(3R 4S)-3-cyclopropylaminomethyl-4- fluoropyrrolidine (174 mg), the same
ng procedure was foIIowed as in Example 23 to give 8-chloro-7-[(3S,4S)-3

MS ([Zf%éyzg Bf thyI -4-fluoro-I-pyrrolidinyl]-6-fluoro-I-
-2- uorocyc opropyl] -1,4-dihydro-4-oxo-3- quinolinecarboxylic
El %({:I sf yelloy salid ( 3 6 mg). MS(FAB’) m/z:456(MH") Elemental
eanayS|s (%T% YCalcd for C21H21C1F3N303.0.5H20: C; 54.26, H: 4.77,

cald 0817 Found; &5 5834 H0 494 e 888, 1. 4 g8, w; 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-

[ (IR, 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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[Example 37] [0155] Synthesis of 5-amino-I-cyclopropyl-7-[(3S,4S)-3 5
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid
5-amino-I-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy
4-gxo0-3-quinolinecarboxylic acid (25 ), (3R,4S)-3-

Foucril%I:opcr?)ép;/%lgmién%ma&hy@gfﬂlgbroNéyrr%%gle (190 mg), 10 triethylamine

[Ex(gmﬂlrenL jgd dimethylsulfoxide (4 mL) were mixed together. The mixture
was stirred at 100C for 9 hours and was subsequently concentrated

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

1T —Qg—fluoro—1,4-

cGluoro,L ydro;8-methoxy-4:0x0;3-

25SXDgﬁﬁﬁéﬁfi%§$}%§%%%9@9@¥H3%$¥% %kgl%gé—dihydro—8—methoxy—
cyclopropylaminomethyl-4-fluoro-I-pyrrolidinyl]-6-fluoro-1,4-
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 CyHoeFoN4O4: 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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dihydro-8-methyl-4-oxo-3-quinolinecarboxylic acid Using
5-amino-I-cyclopropyl-6,7-difluoro-1,4-dihydro-8-
methyl-4-oxo-3-quinolinecarboxylic (79.0 mg) and (3R,4S)-3 5
cyclopropylaminomethyl-4-fluoropyrrolidine (51.0 mg), the same
Cplrocedure was, foIIowed as ir in aurgplg 316 to give 5:amino-l-

al Fava Y P-1= Alﬁ
V

ro 3 A—0XO— 3~ T =X aroo .

ettow-S6 C M 433 (EI) Calcd
forC H7F 403 433 051 Found: 43 28 [x le 39 1_[17 ol
Synt esns%f ~amino- 7%(3% A%) 5: cch) pr0|dy ar%m%rlrnnl%tﬁyl Z? gl%y]dro 8

p rrolidinyl]-6-fluoro-1- RZS A
I'1 rocyc proplg)jyl % yaro- g%et}l<ﬁ])>i(y4o -3- qu%ollnecarl:()oxyllc )3
cid 20 U 5- amln fluoro-I- 1R 28
Y aﬁ%]?o o)}chopropy fT g/dorllio- -mejfl1 4 o>2%l%lqu|nanecarP)]gxyI|c*)Che same

pro%md (240 megg 3?91@ Sd? 3 cyclop?:}ﬁ%éﬁﬂmn%e@gl -4-fluor I‘I‘0|Ilg'iiln%__

g the same procedure was dasin Exar%ple 36 to give
S D F e e ki
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—-l-pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-

fluorocyclopropyl]-1,4-dihydro-8-methoxy-4-oxo—-3-—

quinolinecarboxylic 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-1l-pyrrolidinyl]-6-
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4-oxo-3-quinolinecarboxylic acid as a yellow solid (204 mg). MS(FAB")
m/z:467(MH") Elemental analysis (%) 5 Calcd for C,,H25F3N404: 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-1-pyrralidinyl]-6-fluoro-I-[(1R,2S)-2- ~ L o ~
L e T e Mo e teahoxy

Using _5-amin016,7-diflu%]ro-lF/[£lR,2

- S)-2- .
4_%fﬁ%rocy%lllolpr}8pf/ﬁ]-i%5| % o-é-cmeat%ﬁ/f—14-ao“(§’(o‘-33-yl%l (]jl?ivﬁoﬁr?elcla?bo(%yqié mg) -
|d (20.0 mg) R,4S)-3 cyclopropylaminomethyl-4-fluoropyrrolidine
MS %%z ad&/%e@;rgg%pzocedure was followed as in Example 36 to give

5-aming-7- [(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l-pyrrolidinyl]-6-
EL ueo%- Ci[( ,82%3-521-ﬁu£6%:yclopropyl]-l,4-dihydro-8-methyl-4 20

0x0-3-quinoli rboxylic acid ellow splid (9.6.mg). ,MS(FAB")
Calrﬁg: Ir(l\r/ll%gglleﬁfcgﬁﬁé?éf) gélcﬁb%%ﬂ 26 3%%%@5%&9 Found:
Foutnd: 1996 83 [pxample 411110 (9159} g,
[Example 40]

[0158]

Synthesis of 5-amino-7-[(3S,4S)-3-cyclopropylaminomethyl-4-

fluoro—-l-pyrrolidinyl]-6-fluoro-1-[ (1R, 2S)-2-

fluorocyclopropyl]—-1,4-dihydro—-8-methyl-4-oxo—-3—

gquinolinecarboxylic acid

Using 5-amino-6, 7-difluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-1,4-dihydro-8-methyl-4-oxo-3-
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-
oxo—-3—-quinolinecarboxylic acid as a yellow solid (9.6 mg).

MS (FAB') m/z:451 (MH")

HRMS (ET)

Calcd for CyyHyeF3NsO3: 451.1957

Found: 451.1996

[Example 41]
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Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6-fluoro-1,4-dihydro-I-(1,1-dimethylethyl)-4-
0x0-1,8-naphthyridine-3-carboxylic acid 5 Ethyl
7-chloro-6-fluoro-1,4-dihydro-I-(1,1-
(0 dérgfthylethyl)-&oxo-l,8-naphthyridine-3-carboxylate (327 mgq),
1( ,4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine (174 mg),
synvEaiazabieyclols. pe-{-ene (190 mg) an |

iile (3 o were

.ace
A Q
U G

d
C U Ul VV G 'n‘
py2 ¥l SHNcRIIRIed uder tedhioed presRue. The esuling Leadye v

OXOsu 1 ‘- deivee_r réqar flgnc%lfate, and concentrated
=39 a

15 cglump chyomalography %'gg?tg:quggﬁhe_\}g%e_aa—CﬁOqe_= 2:1 ->

1:1-> oromethane: methano e“eluted pale "yellow solid

. was di ved in ethanol (4 mL), followed by. addition of.a 10% e
e o (i) Lol BRI P AUERY37 n,

(3iEoncenation. Eg?%%?g%%%q AORIEFIHE, IF% &?%Eg% [ESIQUE WAS (174 mg),

diluted with wat , heutralized with Imol/L hydrochloric acid (pH

1,éﬁékéiﬁ%§é§%@8?§WQI%WUE®¥BQWEQWA28&%%“MQ-13Ea acetonitrile

dichloromethane extracts were combined, washed with saturated brine,

(5 diiep overanhydious spdiumsulfate,and. cancentrated .23 yader redugad o 4

pressure. The resulting fesidue was purified by 111 silica gel column

at C@(ﬁ@r@a@cgfaﬁhyh@ﬁ@ngrgicmg@n@)th@@%trated 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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methanol = 10:1) to give 7-[(3S,4S)-3-cyclopropylaminomethyl-
4-fluoro-I-pyrrolidinyl]-6-fluoro-1,4-dihydro-I-(1,1- dimethylethyl)-4-oxo-1,
8-naphthyridine-3-carboxylic acid as 5 white crystals (141 mg). MS(FAB)
m/z:421(MH") Elemental analysis (%) Calcd for C21H26F2N403.0.5H20:

si ][C’S:(%Sm%%lzl’ﬁejfr?m N;] c 3§%fﬂé:§§%$égﬁgg'?e?’llll_'aigt'l:o’c!\i;c]h 'gg:c%rgethane :

7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-|- . ~
met&i/grrno%in§/|]3:[6§ﬂ3§ro?§49<ﬁh’;?drzq-l-f(q),gjfidi‘!rlmégthﬁeﬁ%/y‘fﬁéf-prOpylammomethyl
ethyl

_oxo-3-quinolinecarboxylic acid 15 Using ethyl , .. L B
: wa it uoiroplifi-]a(ﬂw{;/lciérgi@ﬁl- 6c;ILi nggﬁ}l(f/?e?hy )’-j-o%)}-jsy-%ﬁ?jno]ﬁnééérjboxylate

. (3 nd (3R,4S)-3-cyclopro minomethyl-4-fluoropyrrolidine (174
A o e Ve ToMOAE B2 Tt Exarople B B Qb r 10 o

.[IQ3S,4S -3-cyclop laminomethyl-4-fluoro-I-pyrrolidinyl]-6 20
Wh]T Uoro- f%%j;%ro(?% ,1£noq?n'ethylethyl)-4-oxo-3- quinolinecarboxylic acid

5 @S| age ?Iowél%ryj@ls 91.3 mg). MS(FAB’) m/z:420(MH") Elemental
ana ysis¥2/o Calcd for C22H27F2N303: C; 62.99, H; 6.49, N; 10.02 25

EleEn%WéP;a6§a%3yﬂ;s6"}zﬁ’)'\l; 9.95 112 [Example 43]

Calcd for Cy1HoeFo2N403-0.5H,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-1l-pyrrolidinyl]-6-
fluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-ox0o-3-
quinolinecarboxylic acid as pale yellow crystals (91.3 mg).
MS (FAB") m/z:420 (MH")

Elemental analysis (%)

Calcd for C,;H,7F,N303: C; 62.99, H; 6.49, N; 10.02

Found: C; 63.31, H; 6.47, N; 9.95
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[0161] Synthesis of 7-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-6,8-difluoro-1,4-dihydro-I-(1,1-dimethylethyl)- 5
4-0x0-3-quinolinecarboxylic acid Using ethyl
6,7,8-trifluoro-1,4-dihydro-1-(1,1-
dlme Iet 1)-4-ox0-3-quinolinecarboxylate (50.0 mg) and
L{L% clopropy laminomethyl-4-fluoropy rrolidine (29.0 mg) the
[0 e procedure was followed as in Example 40 to give 7 10
][g@ 4S) -3- cyclopropylamlnomethyl -4-fluoro-I- pyrrolldlnyl]
th

Vitro> 20 T.he iP-.vitro a tibacterlal activi Oty of the compound of the present
ca O C acCl
inhibitory concentration (MIC),

wasg m|n qﬁ ttl“t)e e}g%r_@%te Iu(ygn tlec[pn Lﬁ?ggﬂ%gg/l ﬁlei Hinton

agar meéll%m echnlque met the crlterla speci ational

dlm%%’ﬂmté%%%q C'&P' 23 Lahoratary, Standard (199/) INGG LS. Methags,

for Dilution Antl acterial Susceptlb ity Tests for Bacteria that grow
(3R, 4S) -3-cyclopropylaminomethyl-4-fluoropyrrolidine (29.0 mg),

the same procedure was followed as in Example 40 to give 7-
[ (35,4S) -3-cyclopropylaminomethyl-4-fluoro-1-pyrrolidinyl]—
6,8-difluoro-1,4-dihydro-1-(1,1-dimethylethyl)-4-oxo-3-
gquinolinecarboxylic acid as a pale yellow powder (25.1 mg).
MS (FAB") m/z: 438 (MH")
HRMS (ET)
Calcd for C,oHy7F3N3O3: 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
technigque using Mueller-Hinton agar medium. The technigque met
the criteria specified by the National Committee for Clinical

Laboratory Standard (1997) [NCCLS. Methods for Dilution
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Aerobically - Forth Edition: Approved Standard m7-A4. NCCLS,
Villanova, Pa.]. For Streptococcus pneumonia and Enterococcus, the MIC
values were determined by using Muller-Hinton agar 5 supplemented with
5% defibrinated horse blood. The results are shown in Table 1 below.
0163] [Table 1] Table 1:.In vitro antibacterial activity Strains r (mg/m.
AR Ranbe B e P hoLl § DETHS of BRGie e S HAbue Lo
Smith 0.008 0.008 0.008 0.016 0.008 3. aureys MR5867 0.008 Q101
2 OB 0031 0,008 b ot NILAFE G ObaLh. 052 b 60 0,063 G016 67
Vi neumuniag Tyge 1%X0.0 8r01 31 %.0%6 Ologgu%ggliaE, Iagc ist%682COCCUS
6630125 67 25 015°0.125" f¢ f?mfmﬁ%irpalns xamp;e I—‘alléxanﬁpier‘}D ’
E ie 8 xample %S ureus 5qitfi,0,031 0.031 0%)30 0-008. S, aureus
e LT S0 0 6250, EL SIbLE &, AUra s S TeION 06 D1 32t
0,063 0,016.S. pneurponiae Type.111 0.063 0.6630,125X 0.008 E__
5 G G oS 095 05 0065 8" aurch e MRSHT i sesiaant £ =7
shopaureus S, aureus Me16401: qguin(c)lone resistant S. aureus 10
[0163]

[Table 1]

Table 1: In vitro antibacterial activity

Strains MIC (mg/mL)

Example 1 Example 2 Example 3 Example 4 Example 5
S. gureus Smith 0.008 0.008 0.008 0.016 0.008
S. aureus MR5867 0.008 0.016 0.008 0.03t 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 0.0863 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)guinolonecarboxylic acid derivatives of the

15 present invention, salts and hydrates thereof serve as safe,
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INDUSTRIAL APPLICABILITY [0164] As set forth, the novel
7-(3-cyclopropylaminomethyl-I- pyrrolidinyl)quinolonecarboxylic acid
derivatives of the 15 present invention, salts and hydrates thereof serve
as safe, 114 strong antibacterial agents that are effective against drug-
resistant bacteria that are less susceptible to conventional antibacterial
ST his OL5T STLS. (RarBeant INOBNET proVISs riovel 205 LS U drug-
e SLinclonegarboxylic adid derivatives as.an effective, countermeasre, o,
against drug-resistant acteria that areJess sus%eptllcb & to Conventional
antarg@gct@e}gi%?g%ntghéﬁ CLAIMS 1. A gquinolonecarboxylic acid
derivative represgnte SD’y the following general formula (I): R3O0 R4/
[01%9 RZ AANJiii R6H R5 Rt 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

hmoQ%&s, 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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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
heteroaryl 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 %”f. I roup having 1 to 3 carbon atoms,
a pharmaceutically acceptable cation, or @ functional group acceptable
as a prodrug; R3 is a hydrogen atom, .a halogen atom, 15 a hydroxyl
L rou, GRS BT S Wl BAD g 110 5 AR Ao Y the
is a hydrogen atom or a halggen atom; R5 is an alkyl group having 1 to 3
f(jl(:ia(?%qc%rrl1 atoms. a ﬁrgor%?nré?ﬁ% gr@ép] a trifluoromethyl group or a fluorine
atom; R6 is a hydrogen atom or a fluorine atom; and A is a nitrogen atom
or 20 =C-X (where X ismpghy@rogen atom, halogen atom, or alkyl or
fRoMsS and may or may not be
substguted with 1 or mino groups, cgf 0 groups 116 or
l&%méwﬂ 7)), ROSattS/rd hydrates thereof. 2. The compound
accordingdto clasd 1, whereimn the general 5 formula (1), Rl is a
cyclopropylR§roup, 2-fluorocyclopropyl group, ethyl group, 2-fluoroethyl
group, 4-fluorophenyl group or 2,4-difluorophenyl group, and salts and
(wydLateshereof. 10 3. The compound aceoiding to clain 1. whereinin they anq

general formula (1), R1 is a cyclopropyl group, 2-fluorocyclopropyl

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
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, a
pharmaceutically acceptable cation, or a functional group
acceptable as a prodrug; R3 is a hydrogen atom, a halogen atom,
a hydroxyl group, an amino group or an alkyl group having 1 to
3 carbon 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 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 1 or 2 or more amino groups, cCcyano groups
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group, ethyl group, 2-fluoroethyl group, 4-fluorophenyl group or

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

15 and salts and hydrates thereof. 4. The compound according to claim 1,

wherein in the general formula (1), R1 is a cyclopropyl group,
-flyorocyclopropyl group, ethyl group, 2-fluoroethyl group, 4-fluorophenyl

gr%gﬁ%%xorazgﬁﬁ%rdgrbphenyl group; R4 is a hydrogen atom or a fluorine

atoma;lg\gd Aéistas nlt%oge}q ag(r)a or :(t:hxegrwh%rg Xis a hydrogen atom,

halogen afom, me OXy g¥oup, (ﬁﬁuorome?ﬁoxy group or methyl group),

and salts and hydrates thereof. 25 117 S. The compound according to

claim 1, wherein in the general formula (1), R1 is a cyclopropyl group,

2-flugrocyclopropyl group, ethyl group, 2-fluoroethyl group,.4-fluorgphenyl

z- grou%ﬁlgr f,%%iﬁ%%lr%gp S‘r%ﬁrggr%ﬁ%; Igg iscf];iﬁ/ﬂr(;elgenv%t(e)rrngérn atqlgég}i%egeneral

atom; R5.is a flyorine atom ar,a methyl.group; R6 i drogen atom or a

£ ik afly 1 19 6is ah 1
Or%%ri%e glt())sm; and %Asisaa ﬁ r%g% raqtg% o?g%-l% (where éolsra %]:‘8 ern(jpy

grogl}%l;n’ ngogfn %.Igrlap me}h%{%%gg%&ﬂl%(%%:ue I;IO. —%rﬂyg 0or 'H%trﬁ% group

Up), and salts and’hydrates thereof. antibacterial agent

or naini > lve ingredient the compound according to claims 1 to
5‘9,& 8@@1%3 %%fdﬁg%eyﬂ‘ Ledignt

or

orasaltora ate
and salts and hydrates thereof.

3. The compound according to claim 1, wherein in the general
formula (I), R1 is a cyclopropyl group, 2-fluorocyclopropyl
group, ethyl group, 2-fluoroethyl group, 4-fluorophenyl group
or 2,4-difluorophenyl group, and R4 is a hydrogen atom or a
fluorine atom,

and salts and hydrates thereof.

4. The compound according to claim 1, wherein in the general
formula (I), R1 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; 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.

117



thereof. 118

5. The compound according to claim 1, wherein in the general
formula (I), R1 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 claims 1 to 5 or a salt or a hydrate

thereof.
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