21 December 2005 DESCRIPTION 10-(3-Cyclopropylaminomethyl-I-pyrrolidinyl)pyridobenzoxazine
carboxylic acid derivatives effective against drug-resistant bacteria 5 TECHNICAL FIELD The present
invention relates to novel 10-(3- cyclopropylaminomethyl-1-pyrrolidinyl)pyridobenzoxazine carboxylic
acid derivatives, salts and hydrates thereof that, 10 in addition to being safeand exbibitisg staig
antibacterial activities, are effective against drug-resistant bacteria that are less susceptible to
conventional antibacterial agents. 15 TECHNI AISBAEKGROUND Reference should be made to the
following artlcles Japanese Patent Laid-Open Publlcatlon No Sho 57 46986 (Patent Article 1);
Japanese Pa _ ( QP 0 v u“'u'u.. &.'\-'g 6 b Q P . A ARA P5
Laid-Open 20 Publlcatlon No. Sho 62- 155282 (Patent Artlcle 3) Slnce the development of norfloxacm
considerabl NOT ot
antibacterial agents, WhICh are also known as new %umolones and have now become important cures
25 for infectious diseases. 1 baCteria

5
TECHNICAL FIELD
The present invention relates to novel 10-(3-
cyclopropylaminomethyl-1-pyrrolidinyl)pyridobenzoxazine
carboxylic acid derivatives, salts and hydrates thereof that,
10 in addition to being safe and exhibiting strong antibacterial
activities, are effective against drug-resistant bacteria
that are less susceptible to conventional antibacterial

agents.

15 TECHNICAL BACKGROUND

Reference should be made to the following articles:
Japanese Patent Laid-Open Publication No. Sho 57-46986
(Patent Article 1); Japanese Patent Laid-Open Publication No.
Sho 61-204188 (Patent Article 2); Japanese Patent Laid-Open

20 Publication No. Sho 62-155282 (Patent Article 3).

Since the development of norfloxacin, considerable
effort has been made worldwide to develop quinolone
carboxylic acid-based antibacterial agents, which are also
known as new quinolones and have now become important cures

25 for infectious diseases.



21 December 2005 The recent emergence of drug-resistant bacteria, such as Methicillin-Resistant
Staphylococcus aureus (MRSA), Penicillin-Resistant Streptococcus pneumoniae (PRSP), and
Vancomycin-Resistant Enterococcus (VRE), most of which are 5 gram-positive bacteria, has posed a
serious threat to the treatment of patients. Traditional quinolone carboxylic Atid>dasedantibacterial
agents have relatively weak antibacterial activities against gram-positive bacteria and thus are not
considered as effecti&élEu@%qﬁpfhee%ﬁ%gﬁfarﬁ%a%@%frf(? EQRABIMERS Hid ihtreadidincidence
of Quinolone-Resistant Staphylococcus aureus (QRSA) makes the use of these drugs even more
difficult. Whilé pyHasberzbkazine CarBSii acit-BR3ED AHtbatRrialagerts SiRitar o the ones
claimed in the 15 present invention are described in, for example, Patent Articles 1, 2, and 3, none of
these agents otHet Shfficieht antbSCRRGI &&hiY BYaHst Yram poditie icteria Hot  ard ey
described to have antibacterial activity against drl;:%-resistant bacteria such as those described above.
0

20 DISCLOSURE SE THE IRVENTION 1t78 Hidrafdte anobjéttive’ of the prédert ifvehtidh to provide

novel pyrédobenzoxazme carbo?/hc aC|d¢basekg comggggdg tgt%&r ?8%%(1”%%@ teoalgelgg S&fq% and

exhibiting 25 %ﬁ%ﬁé%%%gcl:t\é%a zfilcgt|tv?t|rels‘:’l are effeétive agains
treatment of patients. Traditional gquinolone carboxylic acid-
based antibacterial agents have relatively weak antibacterial
activities against gram-positive bacteria and thus are not
considered as effective cures for the drug-resistant bacteria.
10 Furthermore, the increasing incidence of Quinolone—-Resistant
Staphylococcus aureus (QRSA) makes the use of these drugs
even more difficult.
While pyridobenzoxazine carboxylic acid-based
antibacterial agents similar to the ones claimed in the
15 present invention are described in, for example, Patent
Articles 1, 2, and 3, none of these agents offer sufficient
antibacterial activity against gram-positive bacteria, nor
are they described to have antibacterial activity against
drug-resistant bacteria such as those described above.
20
DISCLOSURE OF THE INVENTION
It is therefore an objective of the present invention
to provide novel pyridobenzoxazine carboxylic acid-based

compounds that, in addition to being safe and exhibiting

25 strong antibacterial activities, are effective against drug-
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2 21 December 2005 resistant bacteria that are less susceptible to conventional antibacterial agents.
In view of the above-described problems, the present inventors have devoted a significant amount of
effort to 5 seeking quinolone carboxylic acid derivatives that are effective against gram-positive
bacteria, in particular, such drug-resistant bacteria as MRSA, PRSP, and \RE Dehichlase 12895
susceptible to traditional quinolone carboxylic acid- based antibacterial agents. The effort was

rewarded by i 16 REcbvERFGTIhe TohiFbunds of 15 Predent venfion, whicROprevel 16 Baleffective

against gram-positive bacteria, in particular, such drug-resistant bacteria as MRSA, PRSP, and VRE,
and exhibit higher SAfibacteAal %Gy 8s compared not only with traditional quinolone carboxylic
acid-based 15 antibacterial agents, but also with various other antibacterial agents. The discovery
ultimately led the preSent iHvEnfots 6 GoMpRIE THE Prasent thvRhibn SAScorbing (5 1HE phesent

invention, there is provided a compound gt')s represent]gd bg/ the foIIOW|ngog§neral form%Ig (1), 20ora

salt or a hydrate ther&s° | REE 21 Batkhitbet Zopghtt1cant amount effort

5 seeking quinolone carboxylic acid derivatives that are
effective against gram-positive bacteria, in particular, such
drug-resistant bacteria as MRSA, PRSP, and VRE, which are
less susceptible to traditional quinolone carboxylic acid-
based antibacterial agents. The effort was rewarded by the

10 discovery of the compounds of the present invention, which
proved to be effective against gram-positive bacteria, in
particular, such drug-resistant bacteria as MRSA, PRSP, and
VRE, and exhibit higher antibacterial activity as compared
not only with traditional guinolone carboxylic acid-based

15 antibacterial agents, but also with wvarious other
antibacterial agents. The discovery ultimately led the
present inventors to complete the present invention.

According to the present invention, there is provided a
compound as represented by the following general formula (I),

20 or a salt or a hydrate thereof:

0
R3 COOR2
|
R4 N N I
H OQ‘*TM

N
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wherein R1 is a methyl group, a fluoromethyl group, a methoxymethyl group, an acetoxymethyl group,
a hydroxymethyl group, or a methylene group; R2 is a hydrogen atom, a lower alkyl group having 1 to
3 carbon atoms, or a pharmaceutically 5 acceptable cation and an ester of a prodrug; R3 is a
hydrogen atom or a halogen atom; R4 is a hydrogen atom, a lower alkyl gtoupbkavéndpé to B0cerbon
atoms, a fluorgmethyl group, a trifluoromethyl group or a fluorine atom; and R5 is a hydrogen atom or
a fluorine atof* AEFEXaRplesof thE fowet alkyi Yrbup th thegerdral formuid Ay frcldde a methyl
group, an ethyl group, a propyl group, an isopropyl group, and a cyclopropyl group. Examples of the
pharmaceutié%ﬁl%%%%@%%@ﬁatﬁiﬁoi}%mﬁ% ith 96 " BoTRESIURT FOH mdgriB5 Tom Caltidm ion,
and ammonium ion. 15 Examples of the ester of a prodrug include a pivaloyloxymethyl group, an
acetoxymeth§tatip, & IRhATHAYI §ibGi S BN groiipa MEthORiHety Broup. HEFd
5-methyl-2-oxq-1,3-dioxolene-4-yl. group. Examples of the halogen atom include fluorine, chjarine,
bromine, and" 26 i0dife BESTMOHE FOR CARRYING GUTTHE INVENTION AR Exempary ¥

production process of the compaund of the_present invention will now be described. 25 The
compoun% of thé § é;s‘%onfe feNtio Bodiis %ﬁe@errﬁt%err%og‘% s a %yé—roge“

inven |o(r)1nmz%r/1%e pro&ucedﬁ%
atom or a halogen atom; R4 is a hydrogen atom, a lower alkyl
group having 1 to 3 carbon atoms, a fluoromethyl group, a
trifluoromethyl group or a fluorine atom; and R5 is a
hydrogen atom or a fluorine atom.

10 Examples of the lower alkyl group in the general
formula (I) include a methyl group, an ethyl group, a propyl
group, an isopropyl group, and a cyclopropyl group. Examples
of the pharmaceutically acceptable cation include sodium ion,
potassium ion, magnesium ion, calcium ion, and ammonium ion.

15 Examples of the ester of a prodrug include a
pivaloyloxymethyl group, an acetoxymethyl group, a
phthalidinyl group, an indanyl group, a methoxymethyl group,
and a 5-methyl-2-oxo-1,3-dioxolene-4-yl group. Examples of
the halogen atom include fluorine, chlorine, bromine, and

20 iodine.

BEST MODE FOR CARRYING OUT THE INVENTION
An exemplary production process of the compound of the
present invention will now be described.

25 The compound of the present invention may be produced

4



by reacting a compound represented by the following general formula (1) : Il [wherein R1 and R3 are
the same as in the general formula 5 (1); and R6 is represented by the following general formula (lll) :
,R7 -B\ Il R8 [wherein R6 and R7 are each independently a fluorine atom, or a lower
alkylcarbonyloxy group]] 10 with a compound represented by the following generakfanimala ZIM)50r an
acid addition salt thereof: R4 RIO NH N N [wherein R4 and R5 are the same as in the general formula
(I); and R10 8% RyttGGen atdm P ETOTEEvE TGS OF A% MtroG8f atdih Sulh S Bitsycarbonyl]
and then removing the boron chelate and, if necessary, the protective group of nitrogen atom. The
reaction of thé ni'dfthe general formula 5 21 December 2005 (II) with the compound of the
general formula (IV) may 8e carried out in the absence or presence of a solvent, such as

R3 COOR6
| I

OJ\‘*\RI

~

[wherein R1 and R3 are the same as in the general formula

5 (I); and R6 1is represented by the following general formula
(IIT) :
R7
—B_ i}
R8

[wherein R6 and R7 are each independently a fluorine atom, or
a lower alkylcarbonyloxy group]]
10 with a compound represented by the following general formula

(IV), or an acid addition salt thereof:

R4
R1Q NH v

N
RB\d
[wherein R4 and R5 are the same as in the general formula
(I); and R10 is a hydrogen atom or a protective group of
15 nitrogen atom such as t-butoxycarbonyl]
and then removing the boron chelate and, if necessary, the
protective group of nitrogen atom.

The reaction of the compound of the general formula

5



an alcohol, acetonitrile, dimethylsulfoxide, N,N- dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone, 5 tetrahydrofuran, dioxane, benzene, or toluene, and in the presence of an acid
receptor. The acid receptor may be a carbonate or a hydrogen carbonate of an alkali metal or an
alkaline earth metal, or a basic organic compound, such as triethylamine, diazabicyet®e&xuridecene, or
pyridine. The 10 reaction is typically carried out at a temperature in the range of room temperature to
200C and preférably’inthe® FndeBFsBE th 250EPPhe T4ctidvh thRéEHom 30Min 16748 Hours and is
typically complete within 30min to 15 hours. If desired, the compound of the general formula (I) may
15 be converf it s At ising antSrdiary Echnijue? TERaMpesf stich $AKE Tclude St formed
with an inorganic acid, such as hydrochloric acid, sulfuric acid, and , phospharic acid, salts formed with
an organic acid, SUERORS trethGRESHfoNTd A6id, BEHE Bhi- SRAifCaddSand aletic 20 acid, and salts
formed with sodium, patassium, magnesium, calcium, aluminum, cerium, chromium, cobalt, copper,
ron, zinc, plHAUH SIvER GIRE ke, The CoMPBSUNtY SFE PRSI GHIGH FAY & Zamiiidigred o

humans qr animals jn a pharmaceutically known_ 25 form through a_pharmaceutically known route. For
example, the?ﬁfﬂ“e\é%e% & e Sl Ql?aeblets,

er 2005 compound’ma;e/%zee&%pa%ﬂ i%ottlfe1 Formi of Bowaers,

presence of an acid receptor. The acid receptor may be a
carbonate or a hydrogen carbonate of an alkali metal or an
alkaline earth metal, or a basic organic compound, such as
triethylamine, diazabicyclo-7-undecene, or pyridine. The

10 reaction is typically carried out at a temperature in the
range of room temperature to 200°C and preferably in the
range of 25°C to 150°C. The reaction takes from 30min to 48
hours and is typically complete within 30min to 15 hours.

If desired, the compound of the general formula (I) may

15 be converted to its salt using an ordinary technique.
Examples of such salts include salts formed with an inorganic
acid, such as hydrochloric acid, sulfuric acid, and
phosphoric acid, salts formed with an organic acid, such as
methanesulfonic acid, lactic acid, oxalic acid, and acetic

20 acid, and salts formed with sodium, potassium, magnesium,
calcium, aluminum, cerium, chromium, cobalt, copper, iron,
zinc, platinum, silver, or the like.

The compound of the present invention may be

administered to humans or animals in a pharmaceutically known

25 form through a pharmaceutically known route. For example, the

6



capsules, ointments, injections, syrups, solutions, eye drops, and suppositories for oral or parenteral
administration. 5 EXAMPLES Exemplary tests as well as production processes for the compound of
the present invention will now be described in detail with reference to examples. 10 Reference
Example 1 Bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro- 21 December 2005
7-oxo-7H-pyrido[1,2,3-d,e][1,4%%(%3nzoxazine-6-carboxylato- 06, 0~ ] boron To a mixture of boric acid
(12.8g) and &CeHE ANRYdAde 13°(63°4g)2zind chibridE(258RY) WadAddEd Snd teresufting mixture
was stirred at room temperature for 0.5 hours. To this mixture, ,
(3R)-9,10-diflidF53-ftidrorethyi2 B diny drbl 75X 7 B pytitior 2 3-8 81t WiSeiizoxa¥ine B-C&boxylic
acid ethyl ester (22.6g) was added and the mixture was stirred at 20 60C for 2.5 hours. Subsequently,
the reaction AIXUrEWES TohREntrateld Under ted e dpresiinfe and e TeRufingtEdidlie was
dissolved in ethyl acetate (300mL) . The solution was sequentially washed with a saturated aqueous
solution of sodium hydrogen carbonate (2 x 200mL) and then with water 25 (100mL), followed by
drying over anhydrous sodium sulfate and 7 21 December 2005 concentration under reduced

EXAMPLES ~ . o - .
pressure. The—reeuJ%TFﬁg—reydue was purified on a silica gel column (dichloromethane: acetone

Exemplary tests as well as production processes for the

compound of the present invention will now be described in

detail with reference to examples.

10 Reference Example 1

Bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3-dihydro-

7-oxo—-7H-pyrido[l,2,3-d,e] [1l,4]benzoxazine-6-carboxylato-

06,07]boron

To a mixture of boric acid (12.8g) and acetic anhydride
15 (63.4g), zinc chloride (236mg) was added and the resulting
mixture was stirred at room temperature for 0.5 hours. To
this mixture, (3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro-
7-oxo-7H-pyrido[l,2,3-d,e]l [1l,4]benzoxazine-6-carboxylic acid
ethyl ester (22.6g) was added and the mixture was stirred at
20 60°C for 2.5 hours. Subsequently, the reaction mixture was
concentrated under reduced pressure and the resulting residue
was dissolved in ethyl acetate (300mL). The solution was
sequentially washed with a saturated aqueous solution of
sodium hydrogen carbonate (2 x 200mL) and then with water

25 (100mL), followed by drying over anhydrous sodium sulfate and

7



= 7:1), and the eluted yellow amorphous product was crystallized in an acetone/diethyl ether mixture
to give 5 24.5¢g of bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-
2,3-dihydro-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6- carboxylato-O6,07]boron as a white
powder. 1H NMR(CDCI3): b 1.85 (s, 3H), 2.05 (s, 3H), 4.62 (ddd, J = 2.9 Hz] 3r8:Hznb2.2 B2 AH),
4.74 (ddd, J = 7.8 Hz, 10.3 Hz, 10 46.4 Hz, 1H), 4.90 (ddd, J = 4.9 Hz, 10.3 Hz, 45.4 Hz, 1H), 4.92
(dd, J = 1.0 HPAS HL2 HiP 5 359588 FROPAT Y 57 S@av 52 7.3TRS, § 3342 L, 995806 H) .
Elementary analysis (%) _: Calcd for C1-7H13BF3NO8.0.75H20: C 46.34, H 3.32, N 3.18; found: C
46.30, H 3.34'NF 323" 15'RéfeRdhcd Exdmpie £8Ynfrebigly (dichloromethane: acetone
bis(acetato-0)[(3S)-9,10-difluoro-2,3-dihydro-3-
methoxymethyl-7:0X0-7 By ridofL, 3 324 B 14 D2 xR 26 S5t bBXyIatich6,"657 | boron 20 Step 1:
(38)-9,10-Dif|uoro-Z;é-ii,h%dro-S-hydroxymeth I-7-(§,)xo- . , ,
7H-pyrido[1,2; 336 &L 4fb %%9(&2%8—@5%585@% AT ¥y e (17969) s 50spEnded in
anhydrous dimethylformamide (40mL). Silver o il?)e_ ) (4.639)_and methyl jodide (1.25mL) 25 were
then addue§d t(%n §1e% gusopl};ﬁ%ilosnf eetr%gﬁlti(rgl\é Frn(l% re %\iagg% %% ecentber Zgo%os]ilr%edta yIrioom
temperature for 21 NQUrS. BUBSCAUENN, L yrido(1,2, 3-d, e] [1, 4]benzoxazine-6-

carboxylato—oa(f]boron as a white powder.

'H NMR(CDCl3): & 1.85 (s, 3H), 2.05 (s, 3H), 4.62 (ddd, J =

2.9 Hz, 3.9 Hz, 12.2 Hz, 1H), 4.74 (ddd, J = 7.8 Hz, 10.3 Hz,

10 46.4 Hz, 1H), 4.90 (ddd, J = 4.9 Hz, 10.3 Hz, 45.4 Hz, 1H),

4.92 (dd, J = 1.0 Hz, 12.7 Hz, 1H), 5.35-5.38 (m, 1H), 7.92

(dd, 9 = 7.3 Hz, 9.3 Hz, 1H), 9.22 (s, 1H).

Elementary analysis (%) : Calcd for C;7H:3BF3NOg*0.75H,0: C 46.34,

H 3.32, N 3.18; found: C 46.30, H 3.34, N 3.30.

15
Reference Example 2

Synthesis of bis(acetato-0)[(35)-9,10-difluoro-2,3-dihydro-3-

methoxymethyl-7-oxo-7H-pyrido[l,2,3-d,e] [1l,4]benzoxazine—6-

carboxylato—o6,o7]boron

20 Step 1:
(35)-9,10-Difluoro-2,3-dihydro-3-hydroxymethyl-7-oxo—
TH-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylic acid ethyl
ester (1.30g) was suspended in anhydrous dimethylformamide
(40mL) . Silver oxide (I) (4.63g) and methyl iodide (1.25mL)

25 were then added to the suspension. The resulting mixture was

8



insoluble materials were removed from the reaction mixture by filtration and the filtrate was
concentrated under reduced pressure. The resulting residue was purified on a silica gel 5 column
(dichloromethane: acetone= 5: 1) to give 740mg of
(35)-9,10-difluoro-2,3-dihydro-3-methoxymethyl-7-oxo-7H- 21 December 2005
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid ethyl ester as a white powder. MS(El)m/z:

339(M+). 10 Efelméftanfandigse (o Resiéd tor T I6L5F2NOBLE 56.84P8 %446 N4 13; found: C
56.56, H 4.71, N 4.26. Step 2: In a similar manner to Reference Example 1, (35)-9,10- 15
difluoro-2,3-difiyrd-BmetibXyftetAyis7-B%o- T HEBIRAG €, 2538 el 1 4 & Zoxagines-Eatboxy e acid
ethyl ester (679mg) was reacted to give 830mg of bis acetato-O)C[(BS)-%lo-
difluoro-2,3-dftydrd B-mathdiymet -fb%&-%#ﬁyﬁ’ 1@pgcentrated under reduced
d,e][1,4]benzoxazine-6-carboh>%lato-06,0Yl\zboron as a colorless 20, moghous prodgct. 1H
NMR(CDC13)5°E 8BS '3HJ. "2 06 1§ 31y 3R i 3H)S370° (¢4 T8 3 H2 U073 izt 16, 982 (dd, J
=5.4 Hz, 10.3 I;Lz, 1H) 4‘537%1@(1’ J=29Hz, 12.2 Hz, 1H), 4.86 (dd, J=1.0 H 4302 2 H%, 1H),
5.10-5.13 (m TH) 7 A PE S RgNg 3 RS D), :131?5,3?4)%%_ BaUnaFo008
Elementary apalysis,( 0); Galeq gL G18H 0B ANO L 2Ha0, C 208 1y 17— oxo-70-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6—-carboxylic acid ethyl

ester as a white powder.

MS(EI)m/z: 339(M").

10 Elementary analysis (%) : Calcd for Ci;¢Hi5F,;NOs: C 56.64, H 4.46,

N 4.13; found: C 56.56, H 4.71, N 4.26.

Step 2:
In a similar manner to Reference Example 1, (3S)-9,10-

15 difluoro-2,3-dihydro-3-methoxymethyl-7-oxo-7H-pyrido[1l,2,3-

d,e][l,4]benzoxazine-6-carboxylic acid ethyl ester (679mqg)

was reacted to give 830mg of bis(acetato-0)[(3S)-9,10-

difluoro-2,3-dihydro-3-methoxymethyl-7-oxo-7H-pyrido[1l,2, 3-

d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron as a colorless
20 amorphous product.

'H NMR (CDCls) :& 1.86 (s, 3H), 2.06 (s, 3H), 3.39 (s, 3H), 3.70

(dd, J= 8.3 Hz, 10.3 Hz, 1H), 3.82 (dd, J = 5.4 Hz, 10.3 Hz,

1H), 4.56 (dd, J= 2.9 Hz, 12.2 Hz, 1H), 4.86 (dd, J = 1.0 Hz,

12.2 Hz, 1H), 5.10-5.13 (m, 1H), 7.89 (dd, J = 7.3 Hz, 9.3 Hz,

25 1H), 9.13 (s, 1H).



H 4.11, N 3.00; found: C 46.18, H 3.74, N 3.15. Reference Example 3 5 Synthesis of
bis(acetato-O)[(3S)-3-acetoxymethyl-9,10- difluoro-2,3-dihydro-7-oxo-7H-pyrido[1,2,3-d,e][1,4]
benzoxazine-6-carboxylato-06,0-7] boron Step 1.:
(3S)-9,10-Difluoro-2,3-dihydro-3-hydroxymethyl-7-oxo- 10 21 December 2005
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid ethyl ester (976mg) was suspended in
anhydrous dieRiBFSTEthaRedBOMYL T To the suspehsiont ateficannyaries(36sthigPand 46- 38,
4-dimethylaminopyridine (5.0mg) were added and the resulting mixture was refluxed for 1.5 hours
while heated.PIS|§b§rs\]c{ue]ﬂtls’i’J%9 thetPiitre Was atdwed Yo dodland'was Washed with water. This was
followed by drying over anhydrous sodium sulfate and concentration under reduced pressure. The
resulting residue was suspended in ethanol and the suspension was filtrated to give 1.04g of
(3R)-3-acetoxymethyl-9,10-difluorp-2,3-dihydro 20

7-oxo-7H-pyﬁgeof[f]i%‘-ﬁ,ee]ﬁ%ﬁ’]%@%?o azine-6-carboxylic acid ethyl ester as a white powder. MS (El)

2:1/5632657 M: . El mentary an I Si a(Cogt: (%%Ig or Glovk 558&'8;%%2&5&%‘,‘%& N 3.81; found:

difluoro-2,3-dihydro-7-oxo-7H-pyrido[l,2,3-d,e] [1,4]

benzoxazine—6—carboxylato—oa(ﬂ]boron

Step 1:
(35)-9,10-Difluoro-2,3-dihydro-3-hydroxymethyl-7-oxo-

10 7H-pyridol[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid ethyl
ester (976mg) was suspended in anhydrous dichloromethane
(30mL) . To the suspension, acetic anhydride (368mg) and
4-dimethylaminopyridine (5.0mg) were added and the resulting
mixture was refluxed for 1.5 hours while heated. Subsequently,

15 the mixture was allowed to cool and was washed with water.
This was followed by drying over anhydrous sodium sulfate and
concentration under reduced pressure. The resulting residue
was suspended in ethanol and the suspension was filtrated to
give 1.04g of (3R)-3-acetoxymethyl-9,10-difluoro-2,3-dihydro-

20 T-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid
ethyl ester as a white powder.

MS(EI)m/z: 367 (M) .
Elementary analysis (%): Calcd for Ci7H15F,;NOg: C 55.59, H 4.12,
N 3.81; found: C 56.25, H 4.15, N 3.93.

25

10



In a similar manner to Reference Example 1, (3S)-3-
acetoxymethyl-9,10-difluoro-2,3-dihydro-7-oxo-7H- pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid
ethyl 5 ester (918mg) was reacted to give 1.00g of bis(acetato-
0)[(35)-3-acetoxymethyl-9,10-difluoro-2,3-dihydro-7-oxo-7H- 21 December 2005
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato-O6,07]boron as a colorless amorphous product. 1H
NMR(CDC13Y458.85 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H), 10 4.44-4.54 (m, 2H), 4.63 (dd, J = 2.9 Hz,
12.2 Hz, 1H), 4.89 (dd, J = 1.0 Hz, 12.7 Hz, 1H), 5.27-5,30 (m, 1%&,1(7.88 (dd, J = 7.3 Hz, 9.3 Hz, 1H),
9.17 (s, 1H). Elementa?y anai/Sis(84) "EARE for €, FFAEBFING, "L 78R2D: & 45578, 1H43.94, N 2.81;
found: C 45.94, H 3.82, N 2.95. 15 Reference Example 4 S%nthesis of
trans-3-cyclopfopyansiRoetyl-2- Methyipydhiding step 12 or ©~ 7~ °xo~ 7H-
trans-l-Benzyl-4-methyl-3-pyrrolidinecarboxylic acid (4.04g) was dissolved in dichloromethane (50mL).
To this SO|UI%%],C}L,SlO-g%if§§n§/|_bﬁl ﬁqfr‘?uldéa i (258d) Was added andYthemiiurd wad'Etirred at room

temperatyre for 1 hou 9¥V§wni1le thmtiaarseaction {ni ture Wasvceooitgqj nan EC%Pg‘t , 225 1(:jiocbloromethane
solution (%5m§5 of cyglopro amine (:.rl.e‘:sa\‘fml?)élfﬁl%lecem er8ﬁ)0%

0) [ (3S)-3-acetoxymethyl-9,10-difluoro-2, 3-dihydro-7-oxo-"7H-

pyrido[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron as

a colorless amorphous product.

'"H NMR(CDCls): & 1.83 (s, 3H), 2.03 (s, 3H), 2.08 (s, 3H),

10 4.44-4.54 (m, 2H), 4.63 (dd, J = 2.9 Hz, 12.2 Hz, 1H), 4.89

(dd, 0§ = 1.0 Hz, 12.7 Hz, 1H), 5.27-5.30 (m, 1H), 7.88 (dd, J

= 7.3 Hz, 9.3 Hz, 1H), 9.17 (s, 1lH).

Elementary analysis (%): Calcd for Ci9H14BF;NO1g°1.75H,0: C

45.76, H 3.94, N 2.81; found: C 45.94, H 3.82, N 2.95.

15
Reference Example 4
Synthesis of trans—-3-cyclopropylaminomethyl-4-
methylpyrrolidine
Step 1:
20 trans-1-Benzyl-4-methyl-3-pyrrolidinecarboxylic acid

(4.04g) was dissolved in dichloromethane (50mL). To this
solution, 1,1'-carbonylbis-1H-imidazole (3.58g) was added and
the mixture was stirred at room temperature for 1 hour. While
the reaction mixture was cooled on an ice bath, a

25 dichloromethane solution (15mL) of cyclopropylamine (1.53mL)
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was added dropwise and the mixture was stirred at room temperature for 3 hours. Subsequently, the
reaction mixture was washed with water, was dried over anhydrous sodium sulfate, and was then
concentrated under reduced pressure. 5 The resulting residue was crystallized in a
hexane/diisopropyl ether mixture and the formed crystal was filtrated. The edllected:-ctystal Masthen
washed with a hexane/diisopropyl ether mixture and was dried under reduced pressure to obtain

4.07g of tran&-d ShéHRN-EFtEProps-416 nidthylt3pyhofidiidtarbokantide a5 aWwhite crystal.
Melting point: 81-83C. MS (EI) m/z; 258(M+). Step 2: 15 trans-1-Benzyl-N-cyclopropyl-4-methyl-3-
pyrrolidinecafSgXaffias (3 80dPWas siSpérided T RARVIBUS tetrahlFrofHan (88ML i s
suspension, a Imol/L tetrahydrofuran solution of borane-tetrahydrofuran complex (58.8mL) was
added and th&HixHFEWSS FELRed 3658 hollfsS26' WhilE ha%ted. BHbsegaEsHy* A 2MBI/L aqueous
solution of sodium hydroxid (%5mL was added to the reaction mixture and the mixture was refluxed
for 4 hours Wﬁﬁelﬂ hakted. ifft%r Shcehfraticy Uhasr rre%fﬁ%%d PBrESsuré B TeSulkant 1ésibte was

extracted5witr% toluene %)é 1IQOmL and the toluene 25te>it5acts ger% combined. The combined extract
was washed W}ijl?l 12571 Decerhber 2005° W& crystatrized in a

hexane/diisopropyl ether mixture and the formed crystal was

filtrated. The collected crystal was then washed with a

hexane/diisopropyl ether mixture and was dried under reduced

pressure to obtain 4.07g of trans-1l-benzyl-N-cyclopropyl-4-
10 methyl-3-pyrrolidinecarboxamide as a white crystal.

Melting point: 81-83°C.

MS (EI) m/z: 258 (M").

Step 2:

15 trans—-1-Benzyl-N-cyclopropyl-4-methyl-3-
pyrrolidinecarboxamide (3.80g) was suspended in anhydrous
tetrahydrofuran (85mL). To this suspension, a 1Imol/L
tetrahydrofuran solution of borane-tetrahydrofuran complex
(58.8mL) was added and the mixture was refluxed for 8 hours

20 while heated. Subsequently, a 2mol/L aqueous solution of
sodium hydroxide (35mL) was added to the reaction mixture and
the mixture was refluxed for 4 hours while heated. After
concentration under reduced pressure, the resultant residue
was extracted with toluene (2 x 100mL) and the toluene

25 extracts were combined. The combined extract was washed with

12



water, was dried over anhydrous sodium sulfate, and was then concentrated under reduced pressure.
The resulting residue was dissolved in dichloromethane (50mL). To this solution, di-tert-butyl
dicarbonate (3.53g) was added and the mixture 5 was stirred at room temperature for 4 hours.
Subsequently, the reaction mixture was concentrated under reduced presstite Tanckthieaesalting
residue was purified on a silica gel column (hexane: ethyl acetate = 4:1 shifted to 1:1) to obtain 3.07g
of trans-l-ben%§ESA[(NME -SRIt PGy NERY S BrEPY § AD ERinSTrhEfHy R 4- iR rblidiRe as a
colorless oil. MS (FAB+) m/z : 345 (MH+) . HRMS (FAB+) : Calcd for C21H33N202 (MH+) : 345.2542;
found: 345.28858°15 Stepr 37 NS BERZYISS (R 16 BikSxycarBonyig§ v ting residue
cyclopropyl)amino]methyl]-4-methylpyrralidine (3.008) was dissolved in ethanol (50mL), To this
solution. 7. 594 BaliAdiany CATbri {300h0) S A64BE Bfic 176 Ritkture Wiad Sthred Bt FoohT 20
temperature for 6 hours under a hydrogen pressure of 3.9 x 105Pa. Sybsequently, the catalyst was
removed fron the" ?éﬁc_fo%ﬁﬁ}xt&%cﬁ\f CPATIGR ahd the LoIIEGEd RAtHIst WS WisHRE With &thanol.

The fiItra%e and the \(Cvashingzsolution Wege combir%ed and_ the réles}lljltin]g residsuebwas drieglunder 25
reduced presvéﬁrse fo-obtain .iﬁg%??%ns%?ﬁﬁ\f-?er?ﬁ “December 20057 PSS LY

the reaction mixture was concentrated under reduced pressure

and the resulting residue was purified on a silica gel column

(hexane: ethyl acetate = 4:1 shifted to 1:1) to obtain 3.07g

of trans-1l-benzyl-3-[[ (N-tert-butoxycarbonyl-N-cyclopropyl)
10 amino]methyl]-4-methylpyrrolidine as a colorless oil.

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

HRMS (FAB"): Calcd for C;Hj33N,0, (MH'): 345.2542; found:

345.2505.

15 Step 3:
trans—-1-Benzyl-3-[[ (N-tert-butoxycarbonyl-N-

cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (3.00g) was
dissolved in ethanol (50mL). To this solution, 7.5% palladium
carbon (300mg) was added and the mixture was stirred at room

20 temperature for 6 hours under a hydrogen pressure of 3.9 x
10°Pa. Subsequently, the catalyst was removed from the
reaction mixture by filtration and the collected catalyst was
washed with ethanol. The filtrate and the washing solution
were combined and the resulting residue was dried under

25 reduced pressure to obtain 2.12g of trans-3-[[ (N-tert-

13



butoxycarbonyl-N-cyclopropyl)amino]methyl]-4- methylpyrrolidine as a pale brown oil. MS (FAB+) m/z:
255 (MH+) . HRMS (FAB+) : Calcd for C14H27N202 (MH+) : 255.2073; found: 5 255.2079. Step 4:
trans-3-[[(N-tert-Butoxycarbonyl-N cyclopropyl)amino]methyl]-4-methylpyrrolidine (2.07g) was 10
dissolved in dichloromethane (10mL). While this solution was cooled on arvite hathyrttitiroraaoétic
acid (5mL) was added and the mixture was stirred at room temperature for 2 hours. After
concentratiorr thderednbed preddure, Iheresiting Fasine wad dissolved in tetrahydrofuran (6mL)

and the 15 solution was allowed to stand for 13 _hours at room _temperature. The separated crystal

was collected"5y Ritt&HITT, IS bY vashity Witk T&ttahyditdfuran and drying under reduced

pressure, to give 2.47g of trans-3:- ¢ cIo'grqpylaminomethyl-4-methylpyrrolidine trifluoroacetic 20 acid
salt. The saltgﬂ)%o@& 2)37Y) Tias didsdVed'in water (5mL), followed by addition of a 20% aqueous

solution of sodium hydroxide to adjust the pH to 14. The solution was extracted with diethyl
ether (2 x 50ML) and the e?xtra%?g1 é\?eréi ombitied The doHibired g%rége(/r\}ds theHttied over 25

anhydroug Sozdé%m 236,[]7]:8'[.6 and was concentrated under reduced 14 21 December 2005

Step 4:
trans-3-[[ (N-tert-Butoxycarbonyl-N-

cyclopropyl)amino]methyl]-4-methylpyrrolidine (2.07g) was

10 dissolved in dichloromethane (10mL). While this solution was
cooled on an ice bath, trifluoroacetic acid (5mL) was added
and the mixture was stirred at room temperature for 2 hours.
After concentration under reduced pressure, the resulting
residue was dissolved in tetrahydrofuran (6mL) and the

15 solution was allowed to stand for 13 hours at room
temperature. The separated crystal was collected by
filtration, followed by washing with tetrahydrofuran and
drying under reduced pressure, to give 2.47g of trans-3-
cyclopropylaminomethyl-4-methylpyrrolidine trifluorocacetic

20 acid salt. The salt product (2.37g) was dissolved in water
(5mL), followed by addition of a 20% aqueous solution of
sodium hydroxide to adjust the pH to 14. The solution was
then extracted with diethyl ether (2 x 50mL) and the extracts
were combined. The combined extract was then dried over

25 anhydrous sodium sulfate and was concentrated under reduced

14



pressure. The resulting residue was purified by distillation under reduced pressure to obtain 660mg of
trans-3- cyclopropylaminomethyl-4-methylpyrrolidine. 1H NMR(CDC13) : b 0.30-0.37 (m, 2H),
0.41-0.45(m, 2H), 1.04(d, 5J = 6.3 Hz, 3H), 1.66-1.76(m, 4H), 2.08-2.13(m, 1H), 2.46(dd, J =7.3 Hz,
10.7 Hz, 1H), 2.57(dd, J = 8.3 Hz, 11.7 Hz, 1H), 2.63(dd, J =6.3 Hz, 10.7 Hz] 1B c2804dd 20 &5.4
Hz, 11.7 Hz, 1H), 3.10 (dd, J =6.8 Hz, 10.7Hz, 1H), 3.14 (dd, J = 7.3 Hz, 10.7 Hz, 1I,—%. 10 Elementary
analysis ( 0) PESRITOF COHTENZ 2EE5E0EHT ©°46'84, B35 R 38 donde €540, 0020 5287, N
7.37. Reference Example 5 Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4- 15 methylpyrrolidine
Step 1: (3R,4ﬁ%éeﬁ§ﬂgﬁﬁétﬁ)ﬂ-@§-5?9?8"&1%83?58%%0%% 4'9627¢) WHE suSpended in
dichloromethane (250mL) . To this suspension, cyclopropylamine (1.76mL) and hydrochloric acid 20
1-ethyl-(3-din?é(tﬁél%ﬂﬁﬁgﬁ’r]oﬁ?lﬁ&?lfﬁ% i 9d?a4(_115%é3%é3r%r 584uéhitiaily added and the mixture was

was triod oveF ahPEhOLE St ko e Wil Kondertatia PGt redtod prGdeie. 25
The resulting fesidye yas purlfigd on asilica ggf golun 15 21 Bgegmbsr 2003, 5 46 (aq,
J =7.3 Hz, 10.7 Hz, 1H), 2.57(dd, J = 8.3 Hz, 11.7 Hz, 1H),
2.63(dd, J =6.3 Hz, 10.7 Hz, 1H), 2.80 (dd, J = 5.4 Hz, 11.7
Hz, 1H), 3.10 (dd, J =6.8 Hz, 10.7Hz, 1H), 3.14 (dd, J = 7.3
Hz, 10.7 Hz, 1H).
10 Elementary analysis (%): Calcd for CgH;gN,*2CF3;COOH: C 40.84, H

5.27, N 7.33; found: C 40.90, H 5.47, N 7.37.

Reference Example 5

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

15 methylpyrrolidine

Step 1:

(3R, 4R)-1-Benzyl-4-methyl-3-pyrrolidinecarboxylic acid
(6.27g) was suspended in dichloromethane (250mL). To this
suspension, cyclopropylamine (1.76mL) and hydrochloric acid

20 l-ethyl-(3-dimethylaminopropyl)carbodiimide (12.2g) were

sequentially added and the mixture was stirred at room
temperature for 4 hours. Subsequently, the reaction mixture
was washed with water, was dried over anhydrous sodium
sulfate, and was then concentrated under reduced pressure.

25 The resulting residue was purified on a silica gel column

15



(ethyl acetate: methanol = 10:1) to give 3.32g of (3R,4R)-1-

benzyl-N-cyclopropyl-4-methyl-3-pyrrolidinecarboxamide as a white crystal. MS (El) m/z: 258 (M+). 5
Elementary analysis (%) : Calcd for CL6H22N20: C 74.38, H 8.58, N 10.84; found: C 74.46, H 8.67, N
10.72. Step 2: In a similar manner to Step 2 in Reference Example 4, 10 21 December 2005

(3R,4R)-1-ber(gé¥TI1;kN-cyclopropyl-4-methyl-3- I%yrrolidinecarboxamide 5.529g) was reacted to give 4.169g

Vi 3GRNHRRSGuBRYCHB6

of (3R,4R)-1-

ITN-EJE10prapyl)d afino]methyIRA-methypytrofidine as a

pale brown oil. MS (FAB+) m/z: 345 (MH+) . 15 HRMS (FAB+) : Calcd for C21H33N202 (MH+) :

345.2542; foutid: 2452585 SteF B 4 similr mEnner 13 SR 8 i REfereRE EXAM

ple4, 20

(3R,4R)-1-benzyl-3-[[(N-tert-butoxycarbonyl-N- cyclopropyl)amino]methyl]-4-methylpyrrolidine (4.009)

was reactedt6 §ive 2885 ot {3R,4R)-3-[[(N-tert-butoxycarbonyl-
2

N-cyclopropyl)aminao]methyl]-4-m thyl%yrrolidine. MS (FAB+) m/z: 255 (MH+) . 25 HRMS (FAB+) :
5.

Calcd for C1AH2AN2O2UMH+)

N 10.84; found: C 74.46, H 8.67, N 10.72.

Step 2:

473; found: 16 21 December 2005 255.2070.

5 FElementary analysis (%): Calcd for C;gHyN,O: C 74.38,

H 8.58,

In a similar manner to Step 2 in Reference Example 4,

10 (3R, 4R) —1-benzyl-N-cyclopropyl—-4-methyl-3-

pyrrolidinecarboxamide (5.52g) was reacted to give 4.16g of

(3R, 4R) —1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-cyclopropyl)

amino]lmethyl]-4-methylpyrrolidine as a pale brown oil.

MS (FAB") m/z: 345 (MHY).
15 HRMS (FAB'): Calcd for C,;H33N,0, (MH'): 345.2542;

345.2585.

Step 3:

found

In a similar manner to Step 3 in Reference Example 4,

20 (3R, 4R) -1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]—-4-methylpyrrolidine (4.00g) was
reacted to give 2.88g of (3R,4R)-3-[[ (N-tert-butoxycarbonyl-

N-cyclopropyl)amino]lmethyl]-4-methylpyrrolidine.

MS (FAB") m/z: 255 (MHY).

25 HRMS (FAB"): Calcd for CiiH,7N,0, (MH"): 255.2073; found:
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Step 4: In a similar manner to Step 4 in Reference Example 4, 5 (3R,4R)-3-[[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]-4-methylpyrrolidine (2.78g) was reacted to give 730mg of
(3R,4R)-3-cyclopropylaminomethyl-4- methylpyrrolidine. Specific rotation: +74.6(c=0.648, methanol).
10 Elementary analysis (%) : Calcd for CO9H18N2 2CF3COOH: C 40.84, H 512 0)d\¢&33: folnrth
40.73, H 5.26, N 7.36. Reference Example 6 Synthesis of (3S,4S)-3-cyclopropylaminomethyl-4- 15
methylpyrroligiﬁg '§t869l: In a manner similar to Step 1 in Reference Example 5,
(3S,4S5)-1-benzyl-4-methyl-3-pyrrolidinecarboxylic acid (14.5g) was reacted to give 6.33g of
(3S,4S)-1-benzyl-N 20 cyclopropyl-4-methyl-3-pyrrolidinecarboxamide as a pale brown crystal. MS
(El) m/z: 258 (M+). Elementary analysis (%) : Calcd for CL6H22N20: C 74.38, H 8.58, N 10.84; found:
C 74.64, H 8665 10.71. 25 17 21 December 2005 Step 2: In a manner similar to Step 2 in Reference

Example 4, . .
In a similar manner to Step 4 in Reference Example 4,

5 (3R,4R)-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl]—-4-methylpyrrolidine (2.78g) was
reacted to give 730mg of (3R,4R)-3-cyclopropylaminomethyl-4-
methylpyrrolidine.

Specific rotation: +74.6° (c=0.648, methanol).
10 Elementary analysis (%): Calcd for CgHigN, *2CF3COOH: C 40.84,

H 5.27, N 7.33; found: C 40.73, H 5.26, N 7.36.

Reference Example 6

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

15 methylpyrrolidine

Step 1:

In a manner similar to Step 1 in Reference Example 5,
(35,4S)-1-benzyl-4-methyl-3-pyrrolidinecarboxylic acid
(14.5g) was reacted to give 6.33g of (3S,4S)-1-benzyl-N-

20 cyclopropyl-4-methyl-3-pyrrolidinecarboxamide as a pale brown
crystal.
MS (EI) m/z: 258 (M').
Elementary analysis (%): Calcd for C;gH,2N,O0: C 74.38, H 8.58,
N 10.84; found: C 74.64, H 8.66, N 10.71.

25
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(3S,4S)-1-benzyl-N-cyclopropyl-4-methyl-3- pyrrolidinecarboxamide (6.13g) was reacted to give 4.67g
of 5 (3S,4S)-1-benzyl-3-[[(N-tert-butoxycarbonyl-N-cyclopropyl) amino]methyl]-4-methylpyrrolidine as
a pale brown oil. MS (FAB+) m/z: 345 (MH+) . HRMS (FAB+) : Calcd for C21H33N202 (MH+) :
345.2542; found: 345.2547. 10 Step 3: In a similar manner to Step 3 in RefetemescExample’4,0 5
(3S,4S)-1-benzyl-3-[[(N-tert-butoxycarbonyl-N- cyclopropyl)amino]methyl]-4-methylpyrrolidine (4.479)
was 15 react8d ¥ give 3.05g of (3S,4S)-3-[[(N-tert-butoxycarbonyl-
N-cyclopropyl)amino]methyl]-4-methylpyrrolidine. MS (FAB+) m/z; 255 (MH+) . HRMS _(FAB+) : Calcd
for CL4H27N202 (MHF) 2559073 1§dAd 1955.5075 ZtPstep'd! IRR&Simnar marhalt Step 4 in
Reference Example 4, (3S,4S)-3-[[(N-tert-butoxycarbonyl-N-cyclopropyl) amino]
methyl]-4-methypyrrolidine (2 §8d) Was ¥éacted @ give 1. 25g 25 of >~

(85,45 5 oyclopropyianinomelny - &metyipyraliine. 18 21 Decemper 2005 Spegiigraton:

5 (3S5,4S)-1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-cyclopropyl)
amino]lmethyl]-4-methylpyrrolidine as a pale brown oil.
MS (FAB') m/z: 345 (MH').

HRMS (FAB"): Calcd for C,1H33N,0, (MH'): 345.2542; found:

345.2547.
10
Step 3:

In a similar manner to Step 3 in Reference Example 4,
(35,4S)-1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]—-4-methylpyrrolidine (4.47g) was

15 reacted to give 3.05g of (3S,4S)-3-[[(N-tert-butoxycarbonyl-

N-cyclopropyl)amino]lmethyl]-4-methylpyrrolidine.
MS (FAB') m/z: 255 (MH').
HRMS (FAB"): Calcd for Ci14Hy7N,0, (MH'): 255.2073; found
255.2075.
20
Step 4:

In a similar manner to Step 4 in Reference Example 4,
(35,4S)-3-[[ (N-tert-butoxycarbonyl-N-cyclopropyl)amino]
methyl]-4-methylpyrrolidine (2.85g) was reacted to give 1.21g

25 of (35,4S)-3-cyclopropylaminomethyl-4-methylpyrrolidine.

18



Elementary analysis (%) : Calcd for COH18N2.2CF3COOH: C 40.84, H 5.27, N 7.33; found: C 40.80,
H 5.18, N 7.39. 5 Reference Example 7 Synthesis of cis-3-cyclopropylaminomethyl-4-methylpyrrolidine
Step 1: cis-I-Benzyl-3-hydroxy-4-methylpyrrolidine (6.81g) was dissolved in dichloromethane (70mL).
While this solution was 10 cooled on a dry ice/acetone bath, triethylamine (512Imtgavas: addeds
Methanesulfonyl chloride (2.89mL) was then added dropwise and the mixture was further stirred for 1
hour. Followitigtaddition 6fvater (BOmL), the tdiniperatare BthB2miXtdre was allowed to rise to room
temperature and the 15 dichloromethane layer was separated. The a(%leous Ia%i(.er was extracted with

dichloromethZhETSBYRET ¥n@ B 8xttdct Wds' cofnidied Riththié:ehtrilerdre fayéP THe cdmbined

dichloromethane layer was_then washed with water, followed by drying over anhydrous sodium sulfate
and concentratior Unber’ 26 ?éd&%mésgur@ T?\g’regulﬁn& ?«—:'-si&]uz7 V\%% ‘dissolved in acetonitrile
(180mL). To this solution, tetrabutylammonium cyanide (23.9g) was added and the mixture was
refluxed for 7 hours while heated. Subsequently, the reaction mixture was concentrated under
reduced %resPs{u%e and the resulting re§idue 25 was dissolved in ethyl acetate (300mL) . The solution
was 19 21 DéSemBe&r 2005 Washed with water, was dried over anhydrous sodium sulfate,

Synthesis of cis-3-cyclopropylaminomethyl-4-methylpyrrolidine

Step 1:
cis—-1-Benzyl-3-hydroxy-4-methylpyrrolidine (6.81g) was
dissolved in dichloromethane (70mL). While this solution was
10 cooled on a dry ice/acetone bath, triethylamine (5.21mL) was
added. Methanesulfonyl chloride (2.89mL) was then added
dropwise and the mixture was further stirred for 1 hour.
Following addition of water (50mL), the temperature of the
mixture was allowed to rise to room temperature and the
15 dichloromethane layer was separated. The aqueous layer was
extracted with dichloromethane (50mL) and the extract was
combined with the dichloromethane layer. The combined
dichloromethane layer was then washed with water, followed by
drying over anhydrous sodium sulfate and concentration under
20 reduced pressure. The resulting residue was dissolved in
acetonitrile (180mL). To this solution, tetrabutylammonium
cyanide (23.9g) was added and the mixture was refluxed for 7
hours while heated. Subsequently, the reaction mixture was
concentrated under reduced pressure and the resulting residue
25 was dissolved in ethyl acetate (300mL). The solution was
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and was concentrated under reduced pressure. The resulting residue was purified on a silica gel
column (hexane: ethyl acetate = 1:1) to give 4.61g of cis-l-benzyl-4-methyl-3 5 pyrrolidinecarbonitrile
as a brown oil. IR (neat): 2240, 1496, 1454 cm 1. MS (EI) m/z: 200 (M+). Step 2: 10 Lithium aluminum
hydride (80%, 3.89g) was suspended in diethyl ether (90mL). While the sugpensierewnas:codletbon an
ice bath, a diethyl ether solution (25mL) of cis-I-benzyl-4- methyl-3-pyrrolidinecarbonitrile (4.llg) was
added dropwi&e® Bfid tie Mixttfe fas SifredHt r60m e et AUYE FSH T G -5 Witk the Feaction
mixture was cooled on an ice bath, a saturated aquequs solution of sodium hydrogen carbonate (8mL)
was carefully 8 dropRiseS FolIBWHY diftoh Wit diet Fether trgomL), ifsdiatiB Mhatfials were
collected by filtration and were washed with diethy| ether. The filtrate 20 and the washing solution
were combin&§ ahd e EBmbEd: SbfiftioRtwas Edricerfratsd ufiferdiud8a Bressuré “THe resulting
residue was purified on a sjlica gel column (he>éane: ethyl acetate = 1:1 shjfted tq ethyl acetate:
methanol = 1071518 Give 2,354 of cis-FBdizyl-aSmetHy -3 25 arinohéthyipyrrdfiding as’a pale yellow
oil. 20 215De%eymber 2005 1H NMR(CDC 32 ba%.94 (d,J= 7'%1‘12’ 3H), 1.09-1.66 (br, 2H),

rrolidinecarbonitri a brown
IR (neat): 2240, 1496, 1454 cm b,

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

Step 2:

10 Lithium aluminum hydride (80%, 3.89g) was suspended in
diethyl ether (90mL). While the suspension was cooled on an
ice bath, a diethyl ether solution (25mL) of cis-1l-benzyl-4-
methyl-3-pyrrolidinecarbonitrile (4.11g) was added dropwise
and the mixture was stirred at room temperature for 1 hour.

15 While the reaction mixture was cooled on an ice bath, a
saturated aqueous solution of sodium hydrogen carbonate (8mL)
was carefully added dropwise. Following dilution with diethyl
ether (100mL), insoluble materials were collected by
filtration and were washed with diethyl ether. The filtrate

20 and the washing solution were combined and the combined
solution was concentrated under reduced pressure. The
resulting residue was purified on a silica gel column
(hexane: ethyl acetate = 1:1 shifted to ethyl acetate:
methanol = 10:1) to give 2.35g of cis-1-benzyl-4-methyl-3-

25 aminomethylpyrrolidine as a pale yellow oil.

20



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), 5 7.21-7.35 (m, 5H). Step 3:
cis-I-Benzyl-4-methyl-3-aminomethylpyrrolidine (1000mg) was dissolved in methanol (IOmL) . While
this solution was 10 cooled on an ice bath, benzaldehyde (0.50mL) was added mropwiseraritbihe
mixture was stirred at room temperature for 1 hour. Subsequently, sodium cyanoborohydride (184mg)
was added ant tHEHRRGEWas Stifredat ?80m%e?np7er§tulf1€ for%.% ' haurS 2 This Wasfollowed )bfy a
second addition of sodium 15_cyanoborohydrideé1123m 1and stirring for additional 5.5_hours.
Subsequently, &2mbfif agledud solutibn of soditf H}% oxide t8mt) as Tdedtd thé rédction

mixture and the mixture was refluxed for 2 hours while heated. Following concentration under

reduced pres%uﬁez, th(g‘ res]u[’llﬁrfg ?es?o%e(%(/va% extracted With 1[(@Iu@ng%z x_jé'b)mL)2ar18d2thédt(3rue%e _
over anhyarous SO Sulat@ ald cohEntaor el edlced piessire: e osdling residue was
purified ona §|I§§ 9?'. g%lumnql Z%E?e.xane: ethyl aceta}t(-?- = 4:1) to give 690mg of cis-l-benzyl 21 21
December 2005 3-benzylamiriornethyl-4-methylpyrrolidine as a pale yellow oil.
Step 3:
cis—-1-Benzyl-4-methyl-3-aminomethylpyrrolidine (1000mg)
was dissolved in methanol (10mL). While this solution was
10 cooled on an ice bath, benzaldehyde (0.50mL) was added
dropwise and the mixture was stirred at room temperature for
1 hour. Subsequently, sodium cyanoborohydride (184mg) was
added and the mixture was stirred at room temperature for 1.5
hours. This was followed by a second addition of sodium
15 cyanoborohydride (123mg) and stirring for additional 5.5
hours. Subsequently, a 2mol/L aqueous solution of sodium
hydroxide (5mL) was added to the reaction mixture and the
mixture was refluxed for 2 hours while heated. Following
concentration under reduced pressure, the resulting residue
20 was extracted with toluene (2 x 30mL) and the toluene
extracts were combined. The combined toluene layer was then
washed with water, followed by drying over anhydrous sodium
sulfate and concentration under reduced pressure. The
resulting residue was purified on a silica gel column
25 (hexane: ethyl acetate = 4:1) to give 690mg of cis-l-benzyl-
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MS (El) m/z: 294 (M+) . HRMS (EI) : Calcd for C20H26N2 (M+) : 294.2096; found: 294.2110. 5 Step 4:
cis-I-Benzyl -3-benzylaminomethyl-4-methylpyrrolidine (680mg) was dissolved in methanol (7mL) . To
this solution, molecular sieves 3A (700mg), acetic acid (1.32mL), [1-
(ethoxycyclopropyl)oxy]trimethylsilane (1.85mL), and sodium 10 cyanoborohydiide &35mg)0ere
added and the mixture was refluxed for 4 hours while heated. Insoluble materials were collected by

filtration and were Washag-Witinbthahof. FHE™ TiMrdE Bhathe Wishiiy SolBfdit were t8MbiHed and

the combined organic layer was concentrated under reduced 15 pressure. To the resulting residue,
water was added ((%HL)fn‘f&IDV\%egcflb)/gdbi‘tion of a 2mol/L agqueous solution of sodium hydroxide to
make the mixture basic. The mixture was then extracted with toluene (2 x 50mL) and the extracts

were combincd Théebhibifiéd Wludie 1ayaraas (hen vashedwith 20 WAtEF vas dricd dver

anhydrous sodium sulfate, and was then concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (hexane: ethyl acetate = 4:1) to give 648mg of
cis-l-benzyl-3-(N-benzyl-N-cyclopropyl) aminomethyl-4-methylpyrrolidine as a colorless oil. 25 MS (EI)
m/z: 334 M+§. 22’21 December 2005 HRMS (El) : Calcd for C23H30N2 (M+) : 334.2409; found:

334.2403. , , .
Ccis—-1-Benzyl —-3-benzylaminomethyl-4-methylpyrrolidine

(680mg) was dissolved in methanol (7mL). To this solution,
molecular sieves 3A (700mg), acetic acid (1.32mL), [1-
(ethoxycyclopropyl)oxyltrimethylsilane (1.85mL), and sodium

10 cyanoborohydride (435mg) were added and the mixture was
refluxed for 4 hours while heated. Insoluble materials were
collected by filtration and were washed with methanol. The
filtrate and the washing solution were combined and the
combined organic layer was concentrated under reduced

15 pressure. To the resulting residue, water was added (5mL),
followed by addition of a 2mol/L agqueous solution of sodium
hydroxide to make the mixture basic. The mixture was then
extracted with toluene (2 x 50mL) and the extracts were
combined. The combined toluene layer was then washed with

20 water, was dried over anhydrous sodium sulfate, and was then
concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (hexane: ethyl acetate =
4:1) to give 648mg of cis-1-benzyl-3-(N-benzyl-N-cyclopropyl)
aminomethyl-4-methylpyrrolidine as a colorless oil.

25 MS (EI) m/z: 334 (M').
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Step 5: cis-I-Benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4 5 methylpyrrolidine (640mg) was
dissolved in ethanol (IOmL). To this solution, 10% palladium carbon (500mg) and chloroform

(0.77mL) were added and the mixture was stirred at 50C for 7 hours under a hydrogen pressure of 3.9
x 105Pa. From the reaction mixture, the catalyst was collected by filtration 20 andosa®washed vith
ethanol. The filtrate and the washing_solution were combined and the combined organic Iaéer was

concentrated iHder t&duced preS8ure? Tothd relultihg residie, >t ater (2MEYWas adaed’ {oltowed by

addition of a 2mol/L aqueous solution of sodium hydroxide to make the mixture 15 basic. Sodium
chloride was then added to the mixture for salting out and the mixture was extracted with diethyl ether
(2 x 25mL) . The diethyl ether extracts were combined and the combined diethyl ether layer was dried
over anhydroﬁg%]%dﬁfm sulfate and was concentrated under reduced pressure. The 20 resulting
residue was purified on a silica gel column (hexane: em acetate = 4:1 shifted to dichloromethane:

|

methanol = 10:1) to give I2Amty 6 did-3%cy ibptopyiY amincmiethyRAShethy iFrrofitine as'a pale brown
.S G4 E I U SRS Ll e CSHION M) 1SS TP 43>

this solution, 10% palladium carbon (500mg) and chloroform
(0.77mL) were added and the mixture was stirred at 50°C for 7
hours under a hydrogen pressure of 3.9 x 10°Pa. From the
reaction mixture, the catalyst was collected by filtration

10 and was washed with ethanol. The filtrate and the washing
solution were combined and the combined organic layer was
concentrated under reduced pressure. To the resulting residue,
water (2mL) was added, followed by addition of a 2mol/L
aqueous solution of sodium hydroxide to make the mixture

15 Dbasic. Sodium chloride was then added to the mixture for
salting out and the mixture was extracted with diethyl ether
(2 x 25mL). The diethyl ether extracts were combined and the
combined diethyl ether layer was dried over anhydrous sodium
sulfate and was concentrated under reduced pressure. The

20 resulting residue was purified on a silica gel column
(hexane: ethyl acetate = 4:1 shifted to dichloromethane:
methanol = 10:1) to give 124mg of cis-3-cyclopropyl
aminomethyl-4-methylpyrrolidine as a pale brown oil.
MS (CI') m/z: 155 (MH').

25 HRMS (CI"): Calcd for CoHioN,(MH"): 155.1548; found: 155.1553.

23



Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4- methylpyrrolidine Step 1: 5
(3R,4S)-1-Benzyl-3-hydroxy-4-methylpyrrolidine (4.00g) was dissolved in dichloromethane (40mL).
While this solution was cooled on a dry ice/acetone bath, triethylamine (3.06mL) was added.
Methanesulfonyl chloride (1.70mL) was then added dropwise and the mixtire was funther sticred for 1
hour. 10 Following addition of water (40mL), the temperature of the mixture was allowed to rise to
room temper&tut€ 5Ad tfie FdiéMBidméthane layer was separated. The aqueous layer was extracted

with dichloromethane (40mL andth omethane layer. The
combined 15HicHioformethane fayer wals thehdwasted Witk Water, 1oiflowedby- drying over anhydrous
sodium sulfate and concentration under reduced pressure. The resulting residue was dissolved in

N,N- dimeth 2%o this solution, tetrabutylammonium cyanide (5.53g) and sodium
cyanide (2.059) 20 were added and the mixture was stirred at 80C for 13 hours. Subsequently, the
reaction mixt e\]/?/aé toncentrated under reduced pressure and water (50mL) was added to the

resulting residue. The mixture was extracted with diethyl ether (2 x_200mL) .. The diethyl ether
extracts v‘?/ere combineégﬁ{z;(nﬁdS [?1?2518 gélr%gi{ne%vé%fg%?}\f\%ﬁwgs%{édyv% a'sa l}r%fenoe aqige'é)u&sgzolution
24 21 Decemvp% 2305

Issolved in dichloromethane (40mL). While this solution
was cooled on a dry ice/acetone bath, triethylamine (3.06mL)
was added. Methanesulfonyl chloride (1.70mL) was then added
dropwise and the mixture was further stirred for 1 hour.

10 Following addition of water (40mL), the temperature of the
mixture was allowed to rise to room temperature and the
dichloromethane layer was separated. The aqueous layer was
extracted with dichloromethane (40mL) and the extract was
combined with the dichloromethane layer. The combined

15 dichloromethane layer was then washed with water, followed by
drying over anhydrous sodium sulfate and concentration under
reduced pressure. The resulting residue was dissolved in N,N-
dimethylformamide (120mL). To this solution,
tetrabutylammonium cyanide (5.53g) and sodium cyanide (2.05q)

20 were added and the mixture was stirred at 80°C for 13 hours.
Subsequently, the reaction mixture was concentrated under
reduced pressure and water (50mL) was added to the resulting
residue. The mixture was extracted with diethyl ether (2 x
200mL) . The diethyl ether extracts were combined and the

25 combined extract was washed with a saturated aqueous solution
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of sodium chloride, followed by drying over anhydrous sodium sulfate and concentration under
reduced pressure. The resulting residue was purified on a silica gel column (hexane: ethyl acetate =
4:1) to give 3.32¢g of (3R,4S)-1 5 benzyl-4-methyl-3-pyrrolidinecarbonitrile as a brown oil. 1H NMR
(CDC13):51.22(d, J=7.3 Hz,3H), 2.12 (dd, J = 8. 3 Hz, 9.3 Hz, 1H), 2.45- D7 émbiH),220606-2.67
(m, 1H), 2.99 (dd, J =.7.3 Hz, 9.3 Hz, 1H£, 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.25-7.35 (m, 5H). 10
MS(El)m/z: 200 (FRY 18R 2 IR = Sifrilat Miarér fo By 25 Reférénte EXakiie s sodium
(3R,4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile (3.20g) 15 was reacted to obtain 2.98g of
(35,45)-1-beﬁ2\§1-f£ﬁ1%t|‘?ﬁ%-Ca?ﬁﬁﬁSFh%%ﬁ&Hﬁﬁ?onﬂi‘ﬁgee.]ihr KRR IEDTAS S B'6:94 (B9 = 7. 3 Hz, 3H)
2.03 (dd, J =7. 3 Hz, 9.3 Hz, 1}5[1) 2.11-2.26 (m, 2H), 2.31-2.43 (m, 1H), 2.158 dld, J=8.3Hz, 12.2 Hz,
1H), 2.82 (dd" 28 9139 125 119 Hj2 D028% 5165 (M1 28,5360 (8 2517 934138 (m, 5H). Step 3:
In a similar manner to Step 3 in Reference Example 7 ,
(59,49 1-ber PRI A MR Dy oRdb (808 755 ddidadiba e 2bg o
(3R.45)-;bepzyl:3 25 1, Recember 2005 benzylaminomethyl-4-methypyrrqliding: 411 .
'H NMR(CDC1l3):8 1.22 (d, J = 7.3 Hz, 3H), 2.12 (dd, J = 8.3 Hz,
9.3 Hz, 1H), 2.45-2.57 (m, 1H), 2.60-2.67 (m, 1H), 2.99 (dd,
J=7.3 Hz, 9.3 Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s, 2H),
7.25-7.35 (m, 5H).

10 MS(EI)m/z: 200 (M").

Step 2:
In a similar manner to Step 2 in Reference Example 7,

(3R,4S)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile (3.20q)

15 was reacted to obtain 2.98g of (3S5,4S)-1-benzyl-4-methyl-3-
aminomethylpyrrolidine.
'"H NMR(CDC1l;):5 0.94 (d, J = 7.3 Hz, 3H), 2.03 (dd, J = 7.3 Hz,
9.3 Hz, 1H), 2.11-2.26 (m, 2H), 2.31-2.43 (m, 1lH), 2.58 (dd,
J = 8.3 Hz, 12.2 Hz, 1H), 2.82 (dd, J = 5.9 Hz, 12.2 Hz, 1H),

20 2.97-3.02 (m, 2H), 3.60 (s,2H), 7.22-7.33 (m, 5H).

Step 3:
In a similar manner to Step 3 in Reference Example 7,
(35,4S)-1-benzyl-4-methyl-3-aminomethylpyrrolidine (2.809g)
25 was reacted to give 3.49g of (3R,4S)-1-benzyl-3-
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MS (El) m/z: 294 (M+) . HRMS (EI) : Calcd for C20H26N2 (M+) : 294.2096; found: 294.2072. 5 Step 4:
In a similar manner to Step 4 in Reference Example 7,
(3R,4S)-1-benzyl-3-benzylaminomethyl-4-methylpyrrolidine (3.40g) was reacted to give 3.729g of (
3R,4S)-1-benzyl-3-(N- benzyl-N-cyclopropyl)aminomethyl-4-methylpyrrolidice. 16 MSEEAB2) 0y/z:
335 (MH+) . HRMS SF%(I-{\)? Calcd for C23H31N2 (MH+) : 335.2487; found: 335.2503. Step 5: In a similar
manner to StBF5%H Retereite EEmplet e tig L -pyrrolidine.
(3R,4S)-1-benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4- methylpyrrolidine (3.60g) was reacted to
give 1.29g of {BRAS)-3%Rfoptdpylathihomethyl-4-methylpyrrolidine. MS (CI+) m/z : 155 (MH+) .
HRMS (CI+) ; Calcd for C9H19N2 (MH+) ; 155.1548: found:; 155. 1539. 20 Reference Example 9
Synthesis of (35 4R}3%ycIdptopylanfiformethy - (Me)tﬁyla)%ol?oq A& 5t 195 I1f & Sirfilldrmanner to
Step 1 in Example 8, (3S,4R)-1- 26 21 December 2005 benzyl-3-hydroxy-4-methylpyrrolidine (4.629)
was reacted to give 3.07g of (3S,4R)-1-benzyl-4-methyl-3-

5 Step 4:
In a similar manner to Step 4 in Reference Example 7,
(3R, 4S5)-1-benzyl-3-benzylaminomethyl-4-methylpyrrolidine
(3.40g) was reacted to give 3.72g of ( 3R,4S)-1-benzyl-3-(N-
benzyl-N-cyclopropyl)aminomethyl-4-methylpyrrolidine.
10 MS (FAB') m/z: 335 (MH').

HRMS (EI): Calcd for C,sH3 N, (MH'): 335.2487; found: 335.2503.

Step 5:
In a similar manner to Step 5 in Reference Example 7,

15 (3R,4S)-1-benzyl-3- (N-benzyl-N-cyclopropyl)aminomethyl-4-

methylpyrrolidine (3.60g) was reacted to give 1.29g of

(3R,4S) —-3-cyclopropylaminomethyl-4-methylpyrrolidine.

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

HRMS (CI"): Calcd for CoHioN,(MH'): 155.1548; found: 155.1539.
20

Reference Example 9

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

methylpyrrolidine

Step 1:
25 In a similar manner to Step 1 in Example 8, (3S,4R)-1-
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pyrrolidinecarbonitrile. 1H NMR (CDC13) : b 1.22(d,J =6. 8 Hz, 3H) , 2.13 (t, J = 9. 3Hz, 5 1H),
2.45-2.55 (m, 1H), 2.61-2.65 (m, 1H), 2.99 (dd, J = 6.8 Hz, 9.3 Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s,
2H), 7.27-7.34 (m, 5H). Step 2: 10 In a similar manner to Step 2 in Reference Example 7,
(3S,4R)-1-benzyl-4-methyl-3-pyrrolidinecarbonitrile (3.00g) was reacted to giveDkddqgiotr 2005
(3R,4R)-1-benzyl-4-methyl-3- aminomethylpyrrolidine. MS (El)m/z: 204 (M+). 15 HRMS (ElI) : Calcd for
CL3H20N2 (VE) 2 207 1628 oth: 2081614 B3 in S Smilad ek her 16 StGi53 7 Rbference
Example 7, (3R,4R)-1-henzyl-4-methyl-3-aminomethylpyrrolidine (1.06g) 20 was reacted to give
1.20g of (3S,9RY-1-beriz{3BensyrantiRometRFAZHheth IpYTFobine® “MS (E1) miz: 294 (M+) . HRMS
(El) : Calcd for C20H26N2 (M+) : 294.2096; found: 294.2106. 27 21 December 2005 Step 4: In a
similar mann8Fto"Step 4 i REfePENCe Example 7,

(38,4R)-1-bepzyl-3-b?nz§I§mingmle;% [-4-methylpyrrolidine (1#1;09) was r a%etho_gi\ée %.SHSZq of
c ng.” 7 ’

(3S,4R)-1-benzyl 3TN 5 berkyoN piSBylAminSmethiia-methylgyriclid

5 1H), 2.45-2.55 (m, 1H), 2.61-2.65 (m, 1H), 2.99 (dd, J = 6.8
Hz, 9.3 Hz, 1H), 3.09-3.19 (m, 2H), 3.62 (s, 2H), 7.27-7.34

(m, 5H).

Step 2:

10 In a similar manner to Step 2 in Reference Example 7,
(3S,4R) -1-benzyl-4-methyl-3-pyrrolidinecarbonitrile (3.00qg)
was reacted to give 1.44g of (3R,4R)-1-benzyl-4-methyl-3-
aminomethylpyrrolidine.

MS (EI)m/z: 204 (M').

15 HRMS (EI): Calcd for CisHyoN, (M'): 204.1626; found: 204.1614.

Step 3:
In a similar manner to Step 3 in Reference Example 7,
(3R, 4R) -1-benzyl-4-methyl-3-aminomethylpyrrolidine (1.069g)
20 was reacted to give 1.20g of (3S,4R)-1-benzyl-3-
benzylaminomethyl-4-methylpyrrolidine.
MS (EI) m/z: 294 (M').

HRMS (EI): Calcd for C,oHueN, (M"): 294.2096; found: 294.2106.
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MS (FAB+) m/z: 335 (MH+) . HRMS (ElI) : Calcd for C23H31N2 (MH+) : 335.2487; found: 335.2498.
Step 5: 10 In a similar manner to Step 5 in Reference Example 7,
(3S,4R)-1-benzyl-3-(N-benzyl-N-cyclopropyl)aminomethyl-4- methylpyrrolidine (700mg) was reacted to
give 215mg of (3S,4R)-3-cyclopropylaminomethyl-4-methylpyrrolidine. MS2(Cl®enembasb Zoieh) . 15
HRMS (CI+) : Calcd for COH19N2 (MH+) : 155.1548; found: 155. 1510. Reference Example 10
Synthesis of ttfi%-3%¢yclopropylaminomethyl-4- trifluoromethylpyrrolidine 20 Step 1: In a similar
manner to Step 1 in Example 4, trans-l-benzyl-4-trifluoromethyl-3-pyrrolidinecarboxylic acid (3.009)
was reacted to give 3¥§2g5‘oisfrgﬁsl-il:bé?'%f}ﬁ?trﬁlﬁoPofrﬁé)thﬁlll-é-rbyﬁ%ﬁaiﬁ%%ﬁ)o@tﬁﬁﬁ@el.ezg1H
NMR(CDC13) :5 0.42-0.46 (m, 2H), 0.75-0.79_(m, 2H), 2.64 28 21 December 2005 2.78 (m, 4H),
2.82-2.86 (m,'THY, 2:95 {t, 32§ 31z, 1190 3.1675- 29 T H): 359"|: P2 RE 57162, THY!13.68 (d, J =
12.7 Hz, 1H), 6.34-6.53 (br, 1H), 7.26-7.36 (m, 5H). 5 Step 2: In a simjilar manner Step 2 in Example 4,
trans-1- benZ)(/iL-llf{Hﬁgor‘éﬁﬁsetﬁ %Bﬁﬁoﬁ&fn&%‘fﬁo&drﬁé@é@51&%%\76@ ) _1_benzy%_32_ (N=

5 benzyl-N-cyclopropyl)aminomethyl-4-methylpyrrolidine.
MS (FAB') m/z: 335 (MH').

HRMS (EI): Calcd for Cy3H3 N, (MH') : 335.2487; found: 335.2498.

Step 5:

10 In a similar manner to Step 5 in Reference Example 7,
(3S,4R) -1-benzyl-3- (N-benzyl-N-cyclopropyl)aminomethyl-4-
methylpyrrolidine (700mg) was reacted to give 215mg of
(35,4R) -3-cyclopropylaminomethyl-4-methylpyrrolidine.

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

15 HRMS (CI'): Calcd for CgHigN, (MH') : 155.1548; found: 155.1510.

Reference Example 10

Synthesis of trans-3-cyclopropylaminomethyl-4-

trifluoromethylpyrrolidine

20 Step 1:

In a similar manner to Step 1 in Example 4,
trans—-1l-benzyl-4-trifluoromethyl-3-pyrrolidinecarboxylic acid
(3.00g) was reacted to give 3.32g of trans-1-benzyl-4-
trifluoromethyl-3-pyrrolidinecarboxamide.

25 'H NMR(CDCls):8 0.42-0.46 (m, 2H), 0.75-0.79 (m, 2H), 2.64-
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reacted to give 3.37g of trans-1-benzyl-3-[[(N-tert- butoxycarbonyl-N-cyclopropyl)amino]methyl]-4- 10
trifluoromethylpyrrolidine. MS (FAB+) m/z: 399 (MH+) . HRMS (FAB+) : Calcd for C21H30F3N202
(MH+) : 399.2259; found: 399.2254. 15 Step 3: In a similar manner to Step 3 in Example 4, trans-I-
benzyl-3-[[(N-tert-butoxycarbonyl-N- cyclopropyl)amino]methyl]-4-trifluoromethyipycratidise £3.239)
was reacted to give 2.38g of trans-3;2[[(N-tert 20 butox carbon%I-N-cycIopiop [) amino]methyl]-4-
trif|uoromethﬁp3r§o|iﬂihe.4RWS (FAB) /2 30§ MAH THRMS (FAB+Y: Calddforl€14LBAF3N202
(MH+) : 309.1790; found: 309.1783. 25 29 21 December 2005 Step 4: In a similar manner to Step 4 in
Example 4, trans3-[(KaeCbutBycarbonyl-Nieydloprapytamifa mettyl]-4- fiflubfométhylpyrrolidine
(2.30g) was reacted to give 992mg 5 of trans-3-cyc|r?fropylaminometh [-4- trifluoromethylpyrrolidine.

1H NMR(CDC13)’ 1152976133 (f; 2H),° 0:42-0%F (it 2H), 2:1022.15%, TH), 2730-2.39 (m, 1H),

5 Step 2:

In a similar manner Step 2 in Example 4, trans-1-
benzyl-4-trifluoromethyl-3-pyrrolidinecarboxamide (3.21g) was
reacted to give 3.37g of trans-l-benzyl-3-[[ (N-tert-
butoxycarbonyl-N-cyclopropyl)amino]methyl]-4-

10 trifluoromethylpyrrolidine.
MS (FAB') m/z: 399 (MH').
HRMS (FAB"): Calcd for C1H3F3N,0, (MH'): 399.2259; found:

399.2254.

15 Step 3:

In a similar manner to Step 3 in Example 4, trans-1-
benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-trifluoromethylpyrrolidine
(3.27g) was reacted to give 2.38g of trans-3-[[ (N-tert-

20 butoxycarbonyl-N-cyclopropyl)amino]methyl]-4-
trifluoromethylpyrrolidine.
MS (FAB') m/z: 309 (MH').
HRMS (FAB"): Calcd for CizHzsF3N,0,(MH'): 309.1790; found:
309.1783.

25
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2.41-2.53 (m, 1H), 2.62-2.71 (m, 2H), 2.83 (dd, J= 6.3 Hz, 11.7 Hz, 1H), 3.10 (d, J = 6.8 Hz, 2H), 3.18
(dd, J=7.8 Hz, 10 11.7 Hz, 1H). Elementary analysis ( 0) : Calcd for COH15F3N2.2CF3COOH: C
35.79, H 3.93, N 6.42; found: C 35.82, H 3.90, N 6.59. Reference Example 11 15 Synthesis of
(3R,4S)-3-cyclopropylaminomethyl-4- fluoropyrrolidine (Process (1)) Step 1:21 December 2005
(E)-3-Benzyloxypropenyl-(1R)-camphorsultam (21.6g) was dissolved in dichloromethane (300mL)
containing 20°trfiloroacetic acid (0.116mL). To this solution, N-
methoxymethyl-N-(trimethylsilyl)benzylamine (15.0g) was added dropwise and the mixture was further
stirred for 2 hours. THe" MixtTE Was sSiURAG Al FashER with'd'satirdted Sqtieobs 3BRitidn of sodium

hydrogen carbonate (2 x 200mL) and then 25 with water (200mlg), followed by dr¥ing over anhydrous
sodium 30 21' DéBembEt 2685 L0 SR A EoncEntrationuhaRY rddtited prissiré I The Tesulting pale

ellow oil was dissolved in diethyl ether (150mL) and the solution was allowed to stand for 18 hours at
S om tompertiid S ERCIA YA E RS OELA by ARG R4S WRSH B8 ity Tetgf Bther. and
was then dried_under re cedé) essure t(igiv.e 11.5g,0f N-[[(3S,4R)-benzyl-4-

; 10 o AAne 162 Siitan

benzyloxypyr?dﬁidti n-3-yijcartiony
trifluoromethylpyrrolidine. g NMR (CDCl3): & 0.29-0.33 (m, 2H),
0.42-0.46 (m, 2H), 2.10-2.15 (m, 1H), 2.30-2.39 (m, 1H),
2.41-2.53 (m, 1H), 2.62-2.71 (m, 2H), 2.83 (dd, J= 6.3 Hz,
11.7 Hz, 1H), 3.10 (4, J = 6.8 Hz, 2H), 3.18 (dd, J= 7.8 Hz,
10 11.7 Hz, 1H).
Elementary analysis (%): Calcd for CoH;sF3N,*2CF3COOH: C 35.79,

H 3.93, N 6.42; found: C 35.82, H 3.90, N 6.59.

Reference Example 11

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

fluoropyrrolidine (Process (I))

Step 1:
(E) -3-Benzyloxypropenyl—- (1R) —camphorsultam (21.6g) was

dissolved in dichloromethane (300mL) containing

20 trifluoroacetic acid (0.l1l6mL). To this solution, N-
methoxymethyl-N- (trimethylsilyl)benzylamine (15.0g) was added
dropwise and the mixture was further stirred for 2 hours. The
mixture was sequentially washed with a saturated aqueous
solution of sodium hydrogen carbonate (2 x 200mL) and then

25 with water (200mL), followed by drying over anhydrous sodium
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as a white crystal. The filtrate and the washing solution were combined and the combined organic
layer was concentrated 10 under reduced pressure. The resulting residue was purified on a silica gel
column (eluant = cyclohexane: ethyl acetate = 4:1) to obtain additional 8.48g of N-[[(3S,4R)-benzyl-4-
benzyloxypyrrolidin-3-yl]carbonyl]-(2'S)-bornane-10,2-sultam. 1H NMR(CDZL3)e bu®s £s,23H)5, 1.02
(s, 3H), 1.32-1.45 (m, 2H) , 15 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= § 8 HZ S o HA 185 RYHAT 210 AT 675 BizCTH) P3.26 1 529,30 2f 3.42-3.51 (m,
3H), 3.69-3.74 (m, 2H), 3.90 (d, J=11.7 Hz), 4.54 (d, J= 11.7 Hz), 4,63-4.66 (m 1Hd)1 7.22-7.31 (m,
10H). 20 Step 2° EithibPakimifurHytitie (509 5°56t) 3748 Sashetded if Horhn§dRsidran (170mL).
While the suspension was cooled on a sodium chloride/ice bath, a tetrahydrofuran _solution (300mL)
25 of N-[[(33,Eh%%@ﬁzyﬁ&%e%%loﬁ%%‘i&%ﬁh-‘é%ﬁ]c%?*t}o%i/ﬁ%ltﬁl ﬁb%%%b%?rzob% hours-at
(2'S)-bornane-10,2-sultam 1%%%was dded dro}pwise and the mixture was stirre%at -5C or below

e

for 1 hour. SUBEEQuERtiy,° amD)Was EXRRGNy dddeddroptise to the thixturd! Insoluble

materials werg,allected b filration and were 5 wasfed wih ethyl acetate (2 x 400mL) The firate and
the Washlng solutions weré combined and the combine 6/rgan|c

under reduced pressure to give 11.5g of N-[[(3S,4R)-benzyl-4-
benzyloxypyrrolidin-3-yl]carbonyl]-(2’S)-bornane-10,2-sultam
as a white crystal. The filtrate and the washing solution
were combined and the combined organic layer was concentrated
10 under reduced pressure. The resulting residue was purified on
a silica gel column (eluant = cyclohexane: ethyl acetate =
4:1) to obtain additional 8.48g of N-[[(3S,4R)-benzyl-4-
benzyloxypyrrolidin-3-yl]carbonyl]-(2’S)-bornane-10,2-sultam.
'H NMR(CDCls3): & 0.95 (s, 3H), 1.02 (s, 3H), 1.32-1.45 (m, 2H),
15 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 (d, J=11.7 Hz), 4.54 (d, J= 11.7 Hz), 4.63-4.66

(m, 1H), 7.22-7.31 (m, 10H).

20
Step 2:

Lithium aluminum hydride (80%, 5.56g) was suspended in
tetrahydrofuran (170mL). While the suspension was cooled on a
sodium chloride/ice bath, a tetrahydrofuran solution (300mL)

25 of N-[[(3S,4R)-benzyl-4-benzyloxypyrrolidin-3-yl]carbonyl]-
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layer was extracted with Imol/L hydrochloric acid (2 x 500mL). The hydrochloric acid extracts were
combined and a 30% aqueous solution of sodium hydroxide was added to make the 10 combined
solution basic (pH 14) The mixture was then extracted with diethyl ether (2 x 500mL) and the diethyl
ether extracts were combined. The combined diethyl ether layer was concentrated eémnderreduced
pressure and the resulting residue was purified on a silica gel column (eluant 15 = hexane: ethyl
acetate = 1:1) fo ghe°81G of (3R 4R) {1 béfzyl-12bety I Py AOHGH- S ITMBtHnoR 48 aPdie yellow
oil. 1H NMR(CDC13) : b 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), 2.75YH4C 920 872, 26 6°3 &2, 1H),3.18 (88, P 6Y'HL 6.8 1HEMH); 3.61%8 SIS 5:68 (dd,
J=10. 3 Hz, 4.4 Hz, 1H) , 3.73 (dd, J=10 . 3 Hz, 4. 4 Hz, 1H), 4.07 (ddd, J=6.3 Hz, 4.4 Hz, 2.0 Hz,
1H), 4.48 (s, R 27.255938) (n 21017 33 DA DcABE 2005 Bt S: ProcelS (Rj:=ture-

(3R,4R)-(1-benzyl-4-benzyloxypyrroljdin -3- yl)methanol (9,809) was dissolved in ethanol (100mL). To
i oottion 100 FL AR RS G0 S i s b & MHERC oiek AL RBOC for 21
hours unger %Qggroﬁqien, Lessu e of 3.9 X 105P§.2515|<bs4e0q51r§£1y¥, thTeh(éat?.l%/ft was collegtq&ferom the

. . e . ot acetate trate an
reaction mixture by tration throué a *

washing solutions were combined and the combined organic
layer was extracted with 1mol/L hydrochloric acid (2 x 500mL) .
The hydrochloric acid extracts were combined and a 30%
aqueous solution of sodium hydroxide was added to make the

10 combined solution basic (pH 14). The mixture was then
extracted with diethyl ether (2 x 500mL) and the diethyl
ether extracts were combined. The combined diethyl ether
layer was concentrated under reduced pressure and the
resulting residue was purified on a silica gel column (eluant

15 = hexane: ethyl acetate = 1:1) to give 9.91g of (3R,4R)-(1-
benzyl-4-benzyloxypyrrolidin—-3-yl)methanol as a pale yellow
oil.
'H NMR(CDCls3): & 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,

20 6.3 Hz, 1H), 3.18 (dd, J= 9.8 Hz, 6.8 Hz, 1H), 3.61 (s, 2H),
3.65 (dd, J=10.3 Hz, 4.4 Hz, 1H), 3.73 (dd, J=10.3 Hz, 4.4 Hz,
1H), 4.07 (ddd, J= 6.3 Hz, 4.4 Hz, 2.0 Hz, 1H), 4.48 (s, 2H),

7.25-7.35 (m, 10H).
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Celite pad. The collected catalyst and the Celite pad were washed with ethanol. The filtrate and the
washing solution 10 were combined and the combined organic layer was concentrated under reduced
pressure. The resulting residue was dissolved in ethanol (100mL), followed by addition of 10%
palladium carbon (2.008). The mixture was then stirred at 50C for 20 hourg underarftydrog&io 5
pressure of 3.9 x 105Pa. Subsequently, 15 the catalyst was collected from the reaction mixture by
filtration throﬁ&heg Ctlite pad. The collected catalyst and the Celite pad were washed with ethanol.
The filtrate and the washing solution were combined and the combined organic layer was
concentrated under r8d@SEFpres8ire. THe reBuing 2ofegittie Was Brigd thdBY reditad pressire to
give 3.77g of S%R,4R%-(4-h droxyé) rrolidin-3-yl)methanol, 1H NMR (DMSO-d6) : b 1.96-2.03 (m, 1H),
2,61 (dd, 11178 T3t B Py, APy 288 (HASISLES P %L 1, TH)-281 (dd SFL1 1P B 615, 1),
3.06 (dd, J=11.0 Hz, 7.3 Hz, 1H), 3.26 (dd, 25 J=10.4 Hz, 7.3 Hz, 1H), 3.37 (dd, J=10.4 Hz, 6.1 Hz),
3.90 33 21 D&8 BéP?ooéz %; gﬁil - Ehdfiifh Ao 'd@?ﬁ’ioa a8 YEEOIVESIn Wister (25mL)
and dioxane (15mL) was added., To this solution, (3R,4R)-(4- hydrox rolidin-3-yl)methanol (1.009)
was diss%lve%.l\ﬁhi & t‘ﬁ%sso‘?l}tilo%rv?/és %Bolée8 » Bor M o ﬁ)reyé%gxyach g/rci? e %F@?mL) was

d on an ice bath, carbo
added dropwgreégggrrglxgugeél\{%s S}Etlrﬁ%@?g.SC Subsequently, the catalyst was

collected from the reaction mixture by filtration through a
Celite pad. The collected catalyst and the Celite pad were
washed with ethanol. The filtrate and the washing solution
10 were combined and the combined organic layer was concentrated
under reduced pressure. The resulting residue was dissolved
in ethanol (100mL), followed by addition of 10% palladium
carbon (2.00g). The mixture was then stirred at 50°C for 20
hours under a hydrogen pressure of 3.9 x 10°Pa. Subsequently,
15 the catalyst was collected from the reaction mixture by
filtration through a Celite pad. The collected catalyst and
the Celite pad were washed with ethanol. The filtrate and the
washing solution were combined and the combined organic layer
was concentrated under reduced pressure. The resulting
20 residue was dried under reduced pressure to give 3.77g of
(3R, 4R) — (4-hydroxypyrrolidin-3-yl)methanol.
"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,
25 J=10.4 Hz, 7.3 Hz, 1H), 3.37 (dd, J=10.4 Hz, 6.1 Hz), 3.90-
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or below for 1 hour, followed by dropwise addition of carbobenzoxy chloride (0.97mL). The mixture
was further stirred at 5C or below for additional 1 hour and 10 carbobenzoxy chloride (0.97mL) was
subsequently added dropwise. This was followed by stirring for 1 hour at 5C or below and another 1
hour at room temperature. Subsequently, the reaction mixture was extracted with chiclileronigthane (2
x 100mL). The dichloromethane extracts were combined, and the 15 combined dichloromethane
layer was dried 8§er(3nhfcﬁ6us sodium sulfate and was concentrated under reduced pressure. The
resulting residue was purified on a silica gel column (eluant = hexane: ethyl acetate = 1:1 shifted to
ethyl acetate: methan6r2 28: 1Y¥6 gR/e £ 84 of (3R)aR)qT so-ssotved in water (25mL)
benzyloxycarbonyl-4-hydroxypyrrolidin-3-ylJmethanol as a milky white tar-like praduct. MS (El) m/z:
251 (M+). IHFNMRIEDETS) - gé%lz.ﬁéibﬁ%?%) 258179 g5 iRY©3.20 (i, P11 0 Hz, 7.3
Hz, 1H), 3.3%&% J=11.IHz, 55 Hz, 2 1Hi, 3.59-3.76&, 4Hl§’ 4.23-4.33 ébr, 1H), 5.12 (s, 2H), 34 21
December 20057 98YF 36 %ﬁﬁ.nﬁls’:‘o_c% $TBT-1BRUR) (L5114 d5er %/ﬁ)%(?/é)‘/fr?glrdin- e

yI]methar%oI (%g(.}e(;g was dissolved in me haém(lj l(lZOOmL). To thl% solutlgg,o }13001/10 J)alladluhrri g%ribo?en

(3.009) suspen i%lél\*/cvé?enr (gﬁr%ﬁ%% AmMmonitim %ocr?na]ﬁg? I.Z(é)awere %eql?éiﬁ/tia(ﬁy

(0.97mL) was added dropwise. The mixture was stirred at 5°C
or below for 1 hour, followed by dropwise addition of
carbobenzoxy chloride (0.97mL). The mixture was further
stirred at 5°C or below for additional 1 hour and

10 carbobenzoxy chloride (0.97mL) was subsequently added
dropwise. This was followed by stirring for 1 hour at 5°C or
below and another 1 hour at room temperature. Subsequently,
the reaction mixture was extracted with dichloromethane (2 x
100mL) . The dichloromethane extracts were combined, and the

15 combined dichloromethane layer was dried over anhydrous
sodium sulfate and was concentrated under reduced pressure.
The resulting residue was purified on a silica gel column
(eluant = hexane: ethyl acetate = 1:1 shifted to ethyl
acetate: methanol = 20:1) to give 1.18g of (3R,4R)-[1-

20 benzyloxycarbonyl-4-hydroxypyrrolidin-3-yl]methanol as a
milky white tar-like product.
MS (EI) m/z: 251 (M').
'"H NMR(CDCls): & 2.08-2.40 (br +m, 2H), 2.58-2.79 (br, 1H),
3.20 (dd, J=11.0 Hz, 7.3 Hz, 1H), 3.32 (dt, J=11.1Hz, 5.5 Hz,

25 1H), 3.59-3.76 (m, 4H), 4.23-4.33 (br, 1H), 5.12 (s, 2H),
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added, and the mixture was heat-refluxed for 4 hours while being stirred. Subsequently, the catalyst
was collected from the reaction mixture by filtration through a Celite pad. The collected catalyst and
the Celite pad were washed with a 10 methanol/water mixture (80:20) The filtrate and the washing

solution were combined and the combined solution was concentrated undet reducethpressariE) The
resulting pale brown, tar-like material was dissolved in N,N-dimethylformamide (100mL). While this

solution was 303@6707136% i%'baf’tﬁ,) 15 triethylamine (9.40mL) was added, followed by dropwise

addition of carbobenzoxy chloride (6.00mL) While being cooled on an ice bath, the resulting mixture
was stirred for 1.5 hGur§ GndSwdS sibsetirently cohcEtr&téd Under Pealiced Bressare. SrHe resulting
residue was dissolved in ethyl 20 acetate (400mL) and the solution was washed with a saturated

aqueous solufioh™St SOt chiorid€92 X T00ML) Was Gited 'bVAF ARRYdOUS SBAIUM sulfhe, and was

then concentrated under reduced ﬁgessure. The resultin resid%e was purified on. a silica gel column

(eluant = ethyl Atetai8; SHifted to &thyl B8 atBthtE methanat = 20:1)16)givid 784 61{3R 4R)-[1 35 21

December 2005 benzylgyparonyi-4myraxypyiroliding vimethanol as . mily white o fie

product. This compouﬁ Waglc?en%cafn%%ﬂe compound obtained Process ('i\ . Y
added, and the mixture was heat-refluxed for 4 hours while
being stirred. Subsequently, the catalyst was collected from
the reaction mixture by filtration through a Celite pad. The
collected catalyst and the Celite pad were washed with a

10 methanol/water mixture (80:20). The filtrate and the washing
solution were combined and the combined solution was
concentrated under reduced pressure. The resulting pale brown,
tar-like material was dissolved in N,N-dimethylformamide
(100mL) . While this solution was cooled on an ice bath,

15 triethylamine (9.40mL) was added, followed by dropwise
addition of carbobenzoxy chloride (6.00mL). While being
cooled on an ice bath, the resulting mixture was stirred for
1.5 hours and was subsequently concentrated under reduced
pressure. The resulting residue was dissolved in ethyl

20 acetate (400mL) and the solution was washed with a saturated
aqueous solution of sodium chloride (2 x 100mL), was dried
over anhydrous sodium sulfate, and was then concentrated
under reduced pressure. The resulting residue was purified on
a silica gel column (eluant = ethyl acetate, shifted to ethyl

25 acetate: methanol = 20:1) to give 7.66g of (3R,4R)-[1-
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5 Step 4: Process (A): (3R,4R)-(1-benzyloxycarbonyl-4- hydroxypyrrolidin-3-yl)methanol (3.199g) was
dissolved in N,N- dimethylformamide (9ImL) . While this solution was cooled on 10 an ice bath,
imidazole (6.05g) and tert- butylchlorodimethylsilane (5.749) were sequentially added and the mixture
was stirred at room temperature for 3 hours. Subsequently, the reaction mixture avasntencentrated
under reduced pressure and the resulting residue was dissolved in 15 diethyl ether (400mL) . The
diethyl ether RyBF WaSXWASHE With & s8tr5t8d Sauebas Soitkion of soURinM ¢ARHdET2% 100mL),
was dried over anhydrous sodium sulfate, and was then concentrated under reduced pressure. The
resulting resifide ‘Wad'Bufified 8f a'siffca §eI¥OThn (eluant = hexane: ethyl 20 acetate = 4:1) to give
5.469 of (3R,4R)-1-benzyloxycarbonyl- B-étert-,butyldi,methylsiIy%)jx methyl-4-(tert- ,
buty|dimethylsilyl)oxy%ﬁ}ﬂréli%ﬁ@%% EolBr&ss BfF MS(EH+)-m =%86°(W4’P)“.d1ﬁ’1ﬂﬁ\ﬁﬁf€8c*i§): b
0.03 (s, 3H), 0.05 (s, 3H), 0.06 (s, 3H), 25 0.07 (s, 3H), 0.87 (s, 9H), 0.88 (s, 9H), 2.17-2.27 (m, 1H),
36 21 December 2005 3'21-3.28 (m, 2H), 3.48-3.67 (M, 4H), 4.21-4.28 (m, 1H), 5.13 (s, 2H),
7.31-7.375(m, 5H). (3R,4R)-1-Benzyloxycarbonyl-3-(tert-butyldimethylsilyl)

Step 4:

Process (A): (3R,4R)-(l-benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yl)methanol (3.19g) was dissolved in N, N-
dimethylformamide (91mL). While this solution was cooled on

10 an ice bath, imidazole (6.05g) and tert-
butylchlorodimethylsilane (5.74g) were sequentially added and
the mixture was stirred at room temperature for 3 hours.
Subsequently, the reaction mixture was concentrated under
reduced pressure and the resulting residue was dissolved in

15 diethyl ether (400mL). The diethyl ether layer was washed
with a saturated aqueous solution of sodium chloride (2 x
100mL), was dried over anhydrous sodium sulfate, and was then
concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl

20 acetate = 4:1) to give 5.46g of (3R,4R)-1-benzyloxycarbonyl-
3-(tert-butyldimethylsilyl)oxymethyl-4- (tert-
butyldimethylsilyl)oxypyrrolidine as a colorless oil.

MS (CI'): m/z=480(MH") .
'H NMR(CDCls): & 0.03 (s, 3H), 0.05 (s, 3H), 0.06 (s, 3H),
25 0.07 (s, 3H), 0.87 (s, 9H), 0.88 (s, 9H), 2.17-2.27 (m, 1H),
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oxymethyl-4-(tert-butyldimethylsilyl)oxypyrrolidine (5.46g) 5 was dissolved in tetrahydrofuran (23mL)
While this solution was cooled on an ice bath, water (23mL) and acetic acid (68mL) were sequentially
added and the mixture was stirred at room temperature for 8 hours. Subsequently, the reaction
mixture was concentrated under reduced pressure and the 10 resulting resiglue as=plirifiedar a silica
gel column (eluant = hexane: ethyl acetate = 4:1 shifted to 1:1) to give 2.74g of
(3R,4R)-1-beﬁz§|ﬁi§c£rﬁor§§ﬂ!3-?1?7/&rox?m%%ﬁﬁ-ﬂf@&erf—%utf?ﬁ;ﬁmeﬁy@lyfox%gpy%‘lidi]r%)as a colbrless
oil. MS (CI+) : m/z=366 (MH;-; 15 1H NMR(CDC13) : b 0.07-0.08 (m, 6H) , 0.88 (s, 9H) , 2.23-2.35

5

(m, 1H), 3.21-33cA 7 2Hy, 3158-3372 (v 4Kt 4:17-4.25 (m, 1H), 5.128 (s, 1H), 5.135 (s, 1H),

7.31-7.37 (m, 5H). (3R,4R)-1-Benzyloxycarbonyl-3-hydroxymethyl-4-(tert- , ,
butyldimethylslyloxy)byrolcih (2730} WEEHSSORAT il 20 dleiarortethane tBGHLY Vihe s

solution was cooled on a s%di m chloride/ice hath, triethylamjne was_added, which was

s sqdym clorcelce b eamine 1.2 s sdde e
followed by drépiiss abdition G hEtHAREEUITORST ‘Chidride (0-71RL) 2 Z56 o befidv. ‘The' PéHction

mixture was then stirred at -5C or below for 1%10u,wasw ed with 25. ater§2x25 L), was dried
ot e i byt iy o b B O W om A byt e

pressure. The, fesuling residue was dissolved in NN-dmetrylipmamide, ;. ...

(68mL) were sequentially added and the mixture was stirred at
room temperature for 8 hours. Subsequently, the reaction
mixture was concentrated under reduced pressure and the

10 resulting residue was purified on a silica gel column (eluant
= hexane: ethyl acetate = 4:1 shifted to 1:1) to give 2.74qg
of (3R,4R)-1-benzyloxycarbonyl-3-hydroxymethyl-4- (tert-
butyldimethylsilyloxy)pyrrolidine as a colorless oil.

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

15 'H NMR(CDCls): & 0.07-0.08 (m, 6H), 0.88 (s, 9H), 2.23-2.35 (m,
1H), 3.21-3.30 (m, 2H), 3.58-3.72 (m, 4H), 4.17-4.25 (m, 1H),
5.128 (s, 1H), 5.135 (s, 1H), 7.31-7.37 (m, 5H).

(3R, 4R) -1-Benzyloxycarbonyl-3-hydroxymethyl-4- (tert-
butyldimethylsilyloxy)pyrrolidine (2.73g) was dissolved in

20 dichloromethane (60mL). While this solution was cooled on a
sodium chloride/ice bath, triethylamine (1.21mL) was added,
which was followed by dropwise addition of methanesulfonyl
chloride (0.71lmL) at -5°C or below. The reaction mixture was
then stirred at -5°C or below for 1 hour, was washed with

25 water (2 x 25mL), was dried over anhydrous sodium sulfate,
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(60mL), followed by addition of sodium azide (1.14g) and stirring at 100C for 2 hours. The reaction
mixture was then 5 concentrated under reduced pressure and water (30mL) was added to the
resulting residue. The mixture was then extracted with diethyl ether (2 x 100mL) and the diethyl ether
extracts were combined. The combined diethyl ether layer was dried over ahykausibediumOsulfate
and was 10 concentrated under reduced pressure. The resulting residue was purified on a silica gel
column (eluaft'S HEXEAn& EhyC BBEGRE TH- B t0'gidE B.06 61 BR, BR 234K Fomelii-I-
benzyloxycarbonyl-4-(tert-butyldimethylsilyl)oxypyrrolidine as a colorless oil. 15 MS (CI+) :m/z=391
(MH+) 1H NMREEDELEP b 607089 (A 381 52 25v2 34 {th, A H) 8185 85 (R 7213y 5%57-3.40 (m,
2H), 3.60-3.71 (m, 2H), 4.11-4.17 (m, 1H), 5.13 (s, %P 7.31-7.37 (m, 5H).

(3R,4R)-3-Azi o%&hyl-ﬁﬁéﬁﬂﬂ’&%cgyb&%ﬁt&é)@ bt UMBtRAsifHoxypytioiding’(3.05g) was
dissolved in tetrahydrofuran (50mL). While_thjs solution was cooled on an ice bath,
tetrabutylammonitim fidoride %lr% VL t&tPahydrofifAR “solbiisn, "3 Sty Wal ddddefdrspiide &Ad the

mixture v%s stirred for additional 1 hour. ubs%quentl%,aa saturgg?dw%St a]gtueé%ez1 \Eléalutlon of sodium

chloride mﬁf%%g%%%aeandutlﬁe%% 2 Décember 2005 mixture was extra |thweatﬁyl acetate
(150mL, 100@&2IST

cp%o the resulting residue. The mixture was then
extracted with diethyl ether (2 x 100mL) and the diethyl
ether extracts were combined. The combined diethyl ether
layer was dried over anhydrous sodium sulfate and was

10 concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 4:1) to give 3.06g of (3R,4R)-3-azidomethyl-1-
benzyloxycarbonyl-4- (tert-butyldimethylsilyl)oxypyrrolidine
as a colorless oil.

15 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).

(3R, 4R) -3-Azidomethyl-1-benzyloxycarbonyl-4- (tert—-

20 butyldimethylsilyl)oxypyrrolidine (3.05g) was dissolved in
tetrahydrofuran (50mL). While this solution was cooled on an
ice bath, tetrabutylammonium fluoride (lmol/L tetrahydrofuran
solution, 13.3mL) was added dropwise and the mixture was
stirred for additional 1 hour. Subsequently, a saturated

25 aqueous solution of sodium chloride 70mL) was added and the

38



ethyl acetate extracts were combined and the combined solvent was dried over anhydrous sodium
sulfate and was concentrated under reduced pressure. The resulting residue was purified on 5 a silica
gel column (eluant = ethyl acetate) to give 2.01g of (3R,4R)-3-azidomethyl-I-benzyloxycarbonyl-4-
hydroxypyrrolidine as a milky white syrup-like product. MS (Cl+) :m/z=277 (MHBe.cBhDMRACDRC13) :
b 2.18-2.30 (br, 1H), 2.32-2.40 (m, 1H), 3.24 10 (dd, J=11.6 Hz, 6.1 Hz 1‘?& 3.30-3.47 (m, 3H),
3.68-3.75 (MM 2K UF 84 54T M) 54 3 EBHT 7251 P8P hA TEH) Proess (B)0mL) - Thé
(3R,4R)-[1-Benzylaoxycarbonyl-4- hydroxypyrrolidin-3-yljmethanol (3.00g), sodium azide (2.329%,
triphenylphosphine (F458)7drd REN-aRfiGthy T6ramite (EORL) T8 WERE il with Sath biFer- While
the mixture was cooled on an ice bath, a dichloromethane solution (14mL) of carbon tetrabromide
(4.349) was dffed drbpRise TheTRREHGT Hiixtare Wik Sttrddor 28 oufe 3t rodHit8mpaditire and
additional 2 hours at 60C, followed by addition of methanol| (5mL) and 20 concentration_under

reduced pres8lfe TheTesftifgPeSiats “was disSolved ih éthiPadstfre {2001ty drdwas WashEd with

a saturaged aqueous squtioP of sloerum fhéoride (2% 50@}%31; followed Ry (%g/in overa dro%s

. silllca _ge& colu e luant et acetatre . o)
sodium sulfate and1 concéntration under reddcé pressure e resuﬁlng residue 25 was pu?lfle on

silica gel columy (efyant;= ethyl acetate; 39,21 December 2008 ony1-a-
hydroxypyrrolidine as a milky white syrup-like product.
MS (CI'):m/z=277 (MH').
'H NMR (CDCls3): & 2.18-2.30 (br, 1H), 2.32-2.40 (m, 1H), 3.24

10 (dd, J=11.6 Hz, 6.1 Hz, 1H), 3.30-3.47 (m, 3H), 3.68-3.75 (m,
2H), 4.18-4.24 (m, 1H), 5.13 (s, 2H), 7.31-7.37 (m, 5H).

Process (B): (3R,4R)-[1-Benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yl]methanol (3.00g), sodium azide (2.32qg),
triphenylphosphine (3.43g) and N,N-dimethylformamide (60mL)

15 were mixed with each other. While the mixture was cooled on
an ice bath, a dichloromethane solution (14mL) of carbon
tetrabromide (4.34g) was added dropwise. The reaction mixture
was stirred for 25 hours at room temperature and additional 2
hours at 60°C, followed by addition of methanol (5mL) and

20 concentration under reduced pressure. The resulting residue
was dissolved in ethyl acetate (200mL) and was washed with a
saturated aqueous solution of sodium chloride (2 x 50mL),
followed by drying over anhydrous sodium sulfate and
concentration under reduce pressure. The resulting residue

25 was purified on silica gel column (eluant = ethyl acetate:
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hexane = 2:1) to give 2.94g of (3R,4R)-3-azidomethyl-I- benzyloxycarbonyl-4-hydroxypyrrolidine as a
pale brown syrup- like product. This compound was identical to the compound obtained by Process
(A). 5 Process (C): (3R,4R)-[1-Benzyloxycarbonyl-4- hydroxypyrrolidin-3-yljmethanol (150mg) was
dissolved in dichloromethane (12mL) and 2,4,6-collidine (0.79mL) was added. D&¥hdenthkis solution was
cooled on an ice bath, methanesulfonyl chloride (46.2pL) was added dropwise. The 10 mixture was
then stirred fOYPZRBGrs orf the ick Dath Bfid vas® AllGWed 16 stid tor 18 H5UPS A tettigerator (3C).
Subsequently, the reaction mixture was sequentially washed  with water (2mL), Imol/L hydrochloric
acid (2 x 2mLICBAY °EHUPAea Bgliebul SORROKIOF Sbaiurt ERforidd (2 »29rE), A5 dllowdd By drying
over anhydrous sodium sulfate and .concentration under reduced gzgessure. The resulting residue was

purified on a 5ilit& gef 5l (eldEnt= ABRET Kthyi2Scedfd L 17 ShifRd t0 2t BR_HE) to give
38.7mg of (3R,4R -1-benzglox%/carbonyl-S-methanesulfonyloxy-4 20
y

methanesulfo?ﬁff eqhﬁ Frofiding as (aAf)ale yellow syrup- like product and 133mg of
(3R,4R)-Ebenzyloxycarbonyl-& droxy-4-r(?e hgn(i‘-suIfonéllcixg/meth¥18¥rroliq e as a white syrup-like

product. R,4R)-1—Bgﬁzoﬁ8>%ysca barfyl-f?;ﬁy 0 y-h- E%erﬁlet%anégﬁ?onyon methylpyrrolidine (125mg)

Wasdﬁsowegyéégxypyrrolidin—3—yl]methanol (150mg) was dissolved in

dichloromethane (12mL) and 2,4, 6-collidine (0.79mL) was added.
While this solution was cooled on an ice bath,
methanesulfonyl chloride (46.2ulL) was added dropwise. The

10 mixture was then stirred for 2 hours on the ice bath and was
allowed to stand for 15 hours in a refrigerator (3°C).
Subsequently, the reaction mixture was sequentially washed
with water (2mL), 1mol/L hydrochloric acid (2 x 2mL), and a
saturated agqueous solution of sodium chloride (2 x 2mL),

15 followed by drying over anhydrous sodium sulfate and
concentration under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 1:2 shifted to ethyl acetate) to give 38.7mg of
(3R, 4R) —1-benzyloxycarbonyl-3-methanesulfonyloxy—-4-

20 methanesulfonyloxymethylpyrrolidine as a pale yellow syrup-—
like product and 133mg of (3R,4R)-1-benzyloxycarbonyl-3-
hydroxy—-4-methanesulfonyloxymethylpyrrolidine as a white
syrup-like product.

(3R, 4R) —-1-Benzyloxycarbonyl-3-hydroxy-4-
25 methanesulfonyloxymethylpyrrolidine (125mg) was dissolved in
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21 December 2005 N,N-dimethylformamide (3mL) and sodium azide (50.0mg) was added. The
mixture was stirred at 100C for 1 hour and was then concentrated under reduced pressure. The
resulting residue was dissolved in ethyl acetate (5mL) and the solution 5 was washed with water (2 x
ImL), followed by drying over anhydrous sodium sulfate and concentration anderresticed pressure.
The resulting residue was purified on a silica_ gel column (eluant = ethyl acetate&ﬁt?% ive 91.0mg of
(3R,4R)-3- a2ldOmeti A BeiA I RabonyEaty didky psAdtidHe Hs 20 fnifky i?e ¥7ip-like
product. The compound was identical to the compound obtained by Process (A). Step 5: Process (A):
(3R,4R)-3-AZAdSHiEthyl-FbenDyiskytarbdayi- £5 4iydtoypyrtlidine @ 20g) WA didE6vEE fn
dichloromethane (40mL%. While this solution was cooled on a sodium chloride/ice bath,
diethylaminoSUlft? tiffibrde AL WhE addet Gropwide &1l fife mixture Was stirrddat room
temperature for 3,.hours. The reaction vessel was again cooled 20 ?n a sodium chloride/ice hath and
diethylaminoZdit tiubide (6,57t ks dyain Alhed craguise. TR Migfine Wis fre Sinfdl a

room terrboerature for h%urs. Vth”v\? t@e reaction inlx ure ¥voals cooled on an ice bath, a saturated

agueous Solufion of $dditim W/Eroge‘% carb nat}é( M ) was %gwa%%elaydrgﬁ%ils%ganodl fhe

dichloromethane layer was separated. 4 .
an%y rous so fhm sul%ate and concentration under reduced

pressure. The resulting residue was purified on a silica gel
column (eluant = ethyl acetate) to give 91.0mg of (3R,4R)-3-
azidomethyl-1-benzyloxycarbonyl-4-hydroxypyrrolidine as a

10 milky white syrup-like product. The compound was identical to

the compound obtained by Process (A).

Step 5:
Process (A): (3R,4R)-3-Azidomethyl-1l-benzyloxycarbonyl-
15 4-hydroxypyrrolidine (1.20g) was dissolved in dichloromethane
(40mL) . While this solution was cooled on a sodium
chloride/ice bath, diethylaminosulfur trifluoride (1.20mL)
was added dropwise and the mixture was stirred at room
temperature for 3 hours. The reaction vessel was again cooled
20 on a sodium chloride/ice bath and diethylaminosulfur
trifluoride (0.57mL) was again added dropwise. The mixture
was then stirred at room temperature for 2 hours. While the
reaction mixture was cooled on an ice bath, a saturated
aqueous solution of sodium hydrogen carbonate (40mL) was

25 added dropwise and the dichloromethane layer was separated.
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21 December 2005 The dichloromethane layer was sequentially washed with a saturated aqueous
solution of sodium hydrogen carbonate (2 x 20mL) and water (20mL), followed by drying over
anhydrous sodium sulfate and concentration under reduced pressure. The 5 resulting residue was
purified on a silica gel column (eluant = hexane: ethyl acetate = 2:1) to give 726mg«i{3R,43)c3-
azidomethyl-1-benzyloxycarbonyl-4-fluoropyrrolidine as a pale brown oil. MS (Cl+) :m/z=279 (MH+)
10 1H NMR(CB 13} P 2 B3 SANAT AH) B2 (R I=TA0 R 2% Hz, "1#18 394348 (fh, 1H),
3.54-3.69 (m, 2H), 3.73-3.91 (m, 2H), 5.14 (s, 2H), 5.16 (dt, J=53.2 Hz, 3.7 Hz, 1H), 7.32- 7.37 (m,
5H). Process B} (3R 4R)-3 LS00 Met /- tbeRR I8y APEami- 18 A3 BxypyHaibme 1 70gf was
dissolved in toluene (56mL). While this solution was cooled on an ice bath, 1,8
diazabicyclo[5 46]Ln8BE 7"&TE ©2. 03] vas Htfded” FHisWas o td\Wed b dropwisa addition of
perfluoro-l-octanesulfonﬁl fluoride (2,80mL) and stirring for another 1 hour, Insoluble 20 materials

were removed oM the Feactioh mikturs By fifratith 5Ad Wa¥ekadifet \wif thnesE “five filtrats and

the wasting soluton were combined and the combined organs layer, was concentrated ynder.
reduced pressure. The r%suﬁlng résidie was then pur|f|e8 on a silica ge‘?column (lelpuan = Y% hexane:
ethyl acetate = 2:1) 1o give 1.p89 0f BRAS)3  1.1) to give 726mg of (3R,45)-3-
azidomethyl-l-benzyloxycarbonyl-4-fluoropyrrolidine as a pale
brown oil.
MS (CI'):m/z=279 (MH").
10 'H NMR(CDCls): & 2.34-2.54 (m, 1H), 3.22 (dt, J=11.0 Hz, 2.4
Hz, 1H), 3.39-3.49 (m, 1H), 3.54-3.69 (m, 2H), 3.73-3.91 (m,
2H), 5.14 (s, 2H), 5.16 (dt, J=53.2 Hz, 3.7 Hz, 1H), 7.32-
7.37 (m, 5H).
Process (B): (3R,4R)-3-Azidomethyl-1l-benzyloxycarbonyl-
15 4-hydroxypyrrolidine (1.79g) was dissolved in toluene (56mL).
While this solution was cooled on an ice bath, 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (2.03mL) was added. This was
followed by dropwise addition of perfluoro-l-octanesulfonyl
fluoride (2.80mL) and stirring for another 1 hour. 1Insoluble
20 materials were removed from the reaction mixture by
filtration and were washed with toluene. The filtrate and the
washing solution were combined and the combined organic layer
was concentrated under reduced pressure. The resulting
residue was then purified on a silica gel column (eluant =
25 hexane: ethyl acetate = 2:1) to give 1.58g of (3R,4S5)-3-
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42 21 December 2005 azidomethyl-I-benzyloxycarbonyl-4-fluoropyrrolidine as a pale brown syrup-like
product. The compound was identical to the compound obtained by Process (A). 5 Step 6:
(3R,4S)-3-Azidomethyl-I-benzyloxycarbonyl-4 fluoropyrrolidine (1.35g) was dissolved in ethanol
(30mL). To this solution, platinum oxide (IV) (190mg) was added and the mixtirecwasstirred abroom
temperature for 2 hours in a 10 stream of hydrogen (provided from a ballogn) Subsequently, the
catalyst was ESIEtEL i the reaEfdn RbGRE By Thittatior thrGdgP ¥ 'Célite PaBSTRE cBll&ded
catalyst and the Celite pad were washed with ethanol. The filtrate and the washing solution were
combined ant TR CombiBY drgshidIER TS was BSncenrated tndérretidead préssure. The resulting
residue was purified on a silica gel column (eluant = ethyl acetate: methanol = 10:1) to give 1.13g of

(3S,45)-3- amitBRREAV- LBEANIERY & bdyIZEfiTordpyrrolidine as a pale brown oil. 20 MS (CI+)

:m/z=253 (MH+) Step 7: (3S,4S)-3-Aminomethyl-lI-benzyloxycarbonyl-4 fluoropyrrolidine (1.10g) was
dissolved in methanol (13mL). 25 To this solution, molecular sieves 4A (440mg) and 43

5 Step 6:

(3R, 4S)-3-Azidomethyl-1-benzyloxycarbonyl—-4-
fluoropyrrolidine (1.35g) was dissolved in ethanol (30mL). To
this solution, platinum oxide (IV) (190mg) was added and the
mixture was stirred at room temperature for 2 hours in a

10 stream of hydrogen (provided from a balloon). Subsequently,
the catalyst was collected from the reaction mixture by
filtration through a Celite pad. The collected catalyst and
the Celite pad were washed with ethanol. The filtrate and the
washing solution were combined and the combined organic layer

15 was concentrated under reduced pressure. The resulting
residue was purified on a silica gel column (eluant = ethyl
acetate: methanol = 10:1) to give 1.13g of (3S,4S)-3-
aminomethyl-1l-benzyloxycarbonyl-4-fluoropyrrolidine as a pale
brown oil.

20 MS (CI') :m/z=253(MH").

Step 7:
(35,4S) -3-Aminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine (1.10g) was dissolved in methanol (13mL).

25 To this solution, molecular sieves 4A (440mg) and
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21 December 2005 benzaldehyde (0.44mL) were sequentially added and the mixture was stirred at
room temperature for 1 hour. Subsequently, a borane-pyridine complex (0.44mL) was added and the
mixture was further stirred at room temperature for 3.5 hours. This 5 was followed by addition of
6mol/L hydrochloric acid (7.3mL) and stirring at room temperature for 1 horl Subseqgivently, @0 30%
aqueous solution of sodium hydroxide was added to make the mixture basic and the mixture was
extracted with TTERVICEINET T2 X L0DMID) THE WietA§ICRtRBF esttddts AEE Loffbindd T0 BhdtHE €
combined diethyl ether layer was dried over anhydrous sodium sulfate and was then concentrated
under reduce® pre¥stfe Srhefestitfy reSitiie Was parifistf ot aSiitar gel® CBRHHT télhart = Rexane:
ethyl acetate = 4:1 shifted to 1:1) to give 1.18g of (3S,4S)-3-benzylaminomethyl-lI-benzyloxy 15
carbonyl-4-fIGStbpYToRdife 48 %eco‘i(?ﬂ‘é@sefér-ﬁfge 4p(ér1 ct." MS f@yﬁﬁ%ﬁ%4 47 8tep 8:
(SS,4S)-3-Benzyla%ninomethyl-l-benzyloxycarbon -4 20 quorop%/rroIidineél.lS ) was diss%lved in
methanol (2113, T6thisSoltitidr, iholetular Sidles SR PL G5 Gcefic acid>(F'g¥mE), 1°Ls

[(1-ethoxycyclopropyl)axy]trimethylsilane (2.70ml.), and sodium cyanoborpohydride, (6 ere
added an% the™ ix 2érié1 \?\%\%%& -reatﬁls(le% 8?2%%_u?§n \(/jvlg| & beYrr%rs%ﬁEe?d? %Cs%sle%uﬁm@%\goluble

materials were rgchv.ed from th% 44
an ST1lrring a r

oom temperature for 1 hour. Subsequently, a
30% agqueous solution of sodium hydroxide was added to make
the mixture basic and the mixture was extracted with diethyl
ether (2 x 100mL). The diethyl ether extracts were combined

10 and the combined diethyl ether layer was dried over anhydrous
sodium sulfate and was then concentrated under reduced
pressure. The resulting residue was purified on a silica gel
column (eluant = hexane: ethyl acetate = 4:1 shifted to 1:1)
to give 1.18g of (3S5,4S)-3-benzylaminomethyl-1-benzyloxy

15 carbonyl-4-fluoropyrrolidine as a colorless tar-like product.

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

Step 8:
(35,4S)-3-Benzylaminomethyl-1-benzyloxycarbonyl-4—

20 fluoropyrrolidine (1.15g) was dissolved in methanol (21mL).
To this solution, molecular sieves 3A (1.05g), acetic acid
(1.92mL), [(l-ethoxycyclopropyl)oxy]trimethylsilane (2.70mL),
and sodium cyanoborohydride (633mg) were added and the
mixture was heat-refluxed for 2 hours while being stirred.

25 Subsequently, insoluble materials were removed from the
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21 December 2005 reaction mixture by filtration through a Celite pad. The insoluble materials and the
Celite pad were washed with methanol. The filtrate and the washing solution were combined and a
2mol/L aqueous solution of sodium hydroxide was added 5 to make the combined organic layer basic
(pH14). Methanol was then removed under reduced pressure and the residie Was eexttracte) with
diethyl ether (2 x 100mL). The diethﬁyether extracts were combined and the combined diethyl ether

layer was dried®Svet Anh§drousSodiim Shifate?ari®Wasthen 48 cntenttatediitder rEdbiced
pressure. The resulting residue was purified on a silica gel column (eluant = hexane: ethyl acetate =
4:1) to give 11365 0354 8R3INerzy~RE c%l%pﬂ?p&b%ﬁiﬁ&ﬂe%%ﬁb%iﬂ%c‘&%&hyl-4-
fluoropyrrolidine as a colorless tar-like product. 15 MS (EIl) m/z:=382 (M+). Step 9: (3S, %?gj,-:%-
(N-Benzyl-N-8yliBpropyh amitontethyic i Geriyioxycarbbns A RiorspyHotidihe @22 < tisColved
20 in ethanol (14mL). To this solution, 10% palladium carbon (150mg) was added and the mixture was
Sirred at rooffP oGt b oP FHOCHS S CHEAT o HyROEM TrBYREE 16 & BRIGE 2

Subsequently, the catalyst was collected from the reaction mixture by filiration through a Celite pad.
8 The collecisa LAy AP RRE RIS WK GchEawiirae (PHiT) " HEtRAcIouER

then removed under reduced pressure and the residue was
extracted with diethyl ether (2 x 100mL). The diethyl ether
extracts were combined and the combined diethyl ether layer
was dried over anhydrous sodium sulfate and was then

10 concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 4:1) to give 1.26g of (3S,4S)-3-(N-benzyl-N-
cyclopropyl)aminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine as a colorless tar-like product.

15 MS (EI) m/z:=382 (M").

Step 9:
(35,4S)-3- (N-Benzyl-N-cyclopropyl)aminomethyl-1-

benzyloxycarbonyl-4-fluoropyrrolidine (1.22g) was dissolved
20 in ethanol (14mL). To this solution, 10% palladium carbon

(150mg) was added and the mixture was stirred at room

temperature for 4 hours in a stream of hydrogen (provided

from a balloon). Subsequently, the catalyst was collected

from the reaction mixture by filtration through a Celite pad.
25 The collected catalyst and the Celite pad were washed with
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21 December 2005 ethanol. The filtrate and the washing solution were combined and the combined
organic layer was concentrated under reduced pressure. The resulting residue was purified on a silica
gel column (eluant = ethyl acetate: methanol = 20:1) The eluate 5 was distilled under reduced
pressure to give 414mg of (3R,4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine eascantgotoriss il.
MS (Cl+) : m/z=159 (MH+) HRMS (CI+) : Calcd for CBH16FN2: 159.1298; found: 159.1316. 10
Reference EXAMBRCLY Syhtifesis ot GR. 2SRy Cisprogyiamirbniethy 4 fudtep§r6itiive [Sfdcess
(In) Step 1: 15 (3R,4R)-(4-Hydroxypyrrolidin-3-yl)methanol (1.18g) was dissolved in ethanol (25mL)
and triethylarfiftié (140 Was Saddeidthe s%ﬁ}{%ﬁ. rilethIE ik \iss dB61ed o4 Kodium

chloride/ice bath, benzyl bromide (1.10mL) was added dropwise. The mixture was then stirred at room

temperature 20 f6r°t' hour ahBwdsSEdhdehtaed GnddtFetitted Presstire! THe Fesuliting fesifde was
e o1 Sl S Gt s e B G
M/z=207 (M%) o Gistilled under reduced pressure to give 414mg of

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

colorless oil.

MS (CI"): m/z=159 (MH").

HRMS (CI"): Calcd for CgHijgFNp: 159.1298; found: 159.1316.

10
Reference Example 12

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

fluoropyrrolidine (Process (II))

Step 1:

15 (3R, 4R) — (4-Hydroxypyrrolidin-3-yl)methanol (1.18g) was
dissolved in ethanol (25mL) and triethylamine (1.40mL) was
added to the solution. While this mixture was cooled on a
sodium chloride/ice bath, benzyl bromide (1.10mL) was added
dropwise. The mixture was then stirred at room temperature

20 for 1 hour and was concentrated under reduced pressure. The
resulting residue was purified on a silica gel column (eluant
= ethyl acetate: methanol = 20:1) to give 1.02g of (3R,4R)-
(l-benzyl-4-hydroxypyrrolidin-3-yl)methanol as a milky white
syrup—-like product.

25 MS (EI'): m/z=207 (M').
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46 21 December 2005 HRMS (El+) : Calcd for C12H1-7NO2: 207.1259; found: 207.1237. Step 2:
(3R,4R)-(1-Benzyl-4-hydroxypyrrolidin-3-yl)methanol 5 (1.36g) was dissolved in dichloromethane
(14mL). While this solution was cooled on an dry ice/acetone bath, triethylamine (0.83mL) was
added, followed by dropwise addition of methanesulfonyl chloride (0.46mLpand stirsinigefor 30min.
Water (IOmL) was then added to the reaction mixture and the 10 temperature of the mixture was

allowed to risetFodf’ témpefdttre. Te MmixtlirdWas théd diltted with “dithlordhethané (20mL) and

the dichloromethane layer was collected. The collected dichloromethane layer was washed with
water (2 x IOmL), was dried over anhydrous sodium 15 sulfate, and was then concentrated under
reduced pressure. The resulting residue was purified on a silica gel column (hexane: ethyl acetate =
1:1 shifted to%iﬁﬁ dobtate: methanol = 20:1) . From a fraction eluted at hexane: ethyl acetate = 1:1,

abtainea as & miky whit i e BIOHOCt WS (EIET IPLEs (U3 HRMS (E16) - Caled o1
CLaH2INOR P 801G ol 205008, A SOMR O R AR R S

solution was cooled on an dry ice/acetone bath, triethylamine
(0.83mL) was added, followed by dropwise addition of
methanesulfonyl chloride (0.46mL) and stirring for 30min.
Water (10mL) was then added to the reaction mixture and the

10 temperature of the mixture was allowed to rise to room
temperature. The mixture was then diluted with
dichloromethane (20mL) and the dichloromethane layer was
collected. The collected dichloromethane layer was washed
with water (2 x 10mL), was dried over anhydrous sodium

15 sulfate, and was then concentrated under reduced pressure.
The resulting residue was purified on a silica gel column
(hexane: ethyl acetate = 1:1 shifted to ethyl acetate:
methanol = 20:1). From a fraction eluted at hexane: ethyl
acetate = 1:1, 585mg of (3R,4R)-1-benzyl-3-

20 methanesulfonyloxy—-4-methanesulfonyloxymethylpyrrolidine was
obtained as a milky white syrup-like product.
MS (EI'): m/z=363 (M').
HRMS (EI"): Calcd for Ci4H,1NOgS,: 363.0810; found: 363.0804.

Also, 840mg of (3R,4R)-1-benzyl-3-hydroxy-4-
25 methanesulfonyloxymethylpyrrolidine was obtained as a white
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47 21 December 2005 crystal from a fraction eluted at ethyl acetate: methanol = 20:1. MS (El+) :
m/z=285 (M+) HRMS (EIl+) : Calcd for CL3H19NOA4S: 285.1035; found: 285.1045. 5 Step 3:
(3R,4R)-1-Benzyl-3-hydroxy-4-methanesulfonyloxymethyl pyrrolidine (835mg), sodium azide (381mg),
and N,N- dimethylformamide (12mL) were mixed with one another and the 20 médtareosas stiwed at
120C for 1 hour. Subsequently, the reaction mixture was concentrated under reduced pressure. To
the resulting %YMM%EPHD%L§W£§é8ﬂb§$HH% FrixtGre WaLEstracied withdiethSiether (2 x
30mL). The diethyl ether extracts were combined and the combined extract was 15 dried over
anhydrous sadiim 'sulfate and was concentrated under reduced pressure. The resulting residue was
purified on a silica gel column (eluant = ethyl acetate: methanol = 20:1) to give 576mg of
(3R,4R)-3-az%%m(@t%yi-f—b@ﬁfy"_l-zzlégﬁyd%xg/pyrrolidine as a pale brown oil. 20 MS (El+) : m/z=232 (M+)
. HRMS (El+) : Calcd for C12H16N40: 232,1324; found: 232.1 . Step 4:
(3R,4R)-3-AzidomethyEI-benzyiZ4: Ry drokypyrroliding 25 @B%hfgg\;/as g%%%ﬂ‘/éd%ﬁ UichiSromethane

(9mL) . V\ghile this

Step 3:

(3R, 4R) -1-Benzyl-3-hydroxy—-4-methanesulfonyloxymethyl
pyrrolidine (835mg), sodium azide (381lmg), and N,N-
dimethylformamide (12mL) were mixed with one another and the

10 mixture was stirred at 120°C for 1 hour. Subsequently, the
reaction mixture was concentrated under reduced pressure. To
the resulting residue, water (10mL) was added and the mixture
was extracted with diethyl ether (2 x 30mL). The diethyl
ether extracts were combined and the combined extract was

15 dried over anhydrous sodium sulfate and was concentrated
under reduced pressure. The resulting residue was purified on
a silica gel column (eluant = ethyl acetate: methanol = 20:1)
to give 576mg of (3R,4R)-3-azidomethyl-1-benzyl-4-
hydroxypyrrolidine as a pale brown oil.

20 MS (EI"): m/z=232 (M').

HRMS (EI"): Calcd for CiyH1¢N,O: 232.1324; found: 232.1300.

Step 4:
(3R, 4R) -3-Azidomethyl-1-benzyl-4-hydroxypyrrolidine
25 (566mg) was dissolved in dichloromethane (9mL). While this
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48 21 December 2005 solution was cooled on an ice bath, diethylaminosulfur trifluoride (0.39mL) was
added dropwise and the mixture was stirred at room temperature for 2 hours. While the reaction
vessel was cooled on an ice bath, a saturated aqueous 5 solution of sodium hydrogen carbonate
(9mL) was added, and the mixture was diluted with dichloromethane (15mk)l Thecdichtorometitane
layer was collected and the collected dichloromethane layer was washed with a saturated aqueous
solution of sodfu hyaPod&ic4rBEn&R Mty ahdIh&d WaterPtE BBMI WA UtielGver anhydrous
sodium sulfate, and was, concentrated under reduced pressure. The resulting residue was purified on
a silica gel coldmh (BRENTE hEXxand Ethyl’ 3itetdte <9495 FB M the St FAF A 8. 715 of
(3R,4R)-3-azidomethyl-I-benzyl-4-fluoropyrrolidine was 15 obtained as_a pale brown oil. MS (El+)
m/z=234 (M) ARMS (E1+] © CRICFIOr CIZHIBENS 232 72815 founlP23£1565. Er6i tHE Second
half fraction, ZZOm% of (3R,4S)-3- azidomethyl-1-benz I-4-f|uo%9_€/rrolidin was obtained as a 20 pale

brown oil. MS B3y T nliZ5284 M EFHRMS TERS S CatsdHor T IPHEFNE 23458 Found: 234.1269.
Step 5: Zg (3§éﬁ§)E3-Azido%nestggl.-l-benz I-4-f|uoro%rr%lidine

1ion o ium hydrogen rbonate (9mL) was added, and
the mixture was diluted with dichloromethane (15mL). The
dichloromethane layer was collected and the collected
dichloromethane layer was washed with a saturated aqueous
solution of sodium hydrogen carbonate (10mL) and then water
10 (10mL), was dried over anhydrous sodium sulfate, and was
concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 4:1). From the first half fraction, 76.7mg of
(3R, 4R) -3-azidomethyl-1-benzyl-4-fluoropyrrolidine was
15 obtained as a pale brown oil.
MS (EI'):m/z=234 (M').
HRMS (EI"): Calcd for CipHisFNy: 234.1281; found: 234.1263.
From the second half fraction, 220mg of (3R,4S)-3-
azidomethyl-1l-benzyl-4-fluoropyrrolidine was obtained as a
20 pale brown oil.
MS (EI'): m/z=234 (M').

HRMS (EI"): Calcd for CiyHisFNs: 234.1281; found: 234.12609.

Step 5:
25 (3R, 4S)-3-Azidomethyl-1-benzyl-4-fluoropyrrolidine
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49 21 December 2005 (215mg) was dissolved in ethanol (3mL) To this solution, platinum oxide (IV)
(30.0mg) was added and the mixture was stirred at room temperature for 5 hours in a stream of
hydrogen (provided from a balloon) . Subsequently, the 5 catalyst was removed from the reaction
mixture by filtration through a Celite pad. The removed catalyst and the Celite pactanérewashes with
ethanol. The filtrate and the washing solution were combined and the combined organic layer was
concentrated UdePFediEd PreSSGrE o bbtAinigithg of {g™L) - To this solution,
(3S,4S)-3-aminomethyl-l-ber,lzdyl-4-fluorop rrolidine as a brown oil. MS (Cl+) : m/z=209 (MH+) HRMS
(CI+) : Calcd¥drC 124 T8RRI ?oéiliz‘m;%%8?“%9.‘1265?@%%68@ he'mixture was
(3S,4S)-3-Aminomethyl-I-benzyl-4-fluoro yrrolidineré186mg was dissolved in methanol (4mL) . To this
solution, mofetular Sfeves 4%%.6&‘553568%%% Rhyde %@0’.§5L)1\51/e?e $eheRi&ly added and the

mixture was stirred at room 20 tem%ere;fture for 1 hour. Subsequentr%/ a borane-pyridine complex

ly,
(90.2pL) was Y TRt iretvad filbtar P&tirretPEY room tEmparkiie ot 3Hburs. This was
followed gy %dadgg n cS)i;C 6rmr710IS/L hgggochlo%cr%%d é}ll.GSmrL acnd,sotgring foru %ehqiyr. %litisfer%gntlx, a
6mol/L aqueous so tition &f Soditim 2’§ﬁy roxide was 836l 16 thake'ths Mixite basicand-the mixture
through a Celite pad. The removed catalyst and the Celite pad
were washed with ethanol. The filtrate and the washing
solution were combined and the combined organic layer was
concentrated under reduced pressure to obtain 191mg of
10 (3S,4S)-3-aminomethyl-1-benzyl-4-fluoropyrrolidine as a brown
oil.
MS (CI"): m/z=209 (MH").

HRMS (CI"): Calcd for CisHigFNy: 209.1454; found: 209.1465.

15 Step 6:
(35,4S) -3-Aminomethyl-1-benzyl-4-fluoropyrrolidine

(186mg) was dissolved in methanol (4mL). To this solution,
molecular sieves 4A (80.0mg) and benzaldehyde (90.8uL) were
sequentially added and the mixture was stirred at room

20 temperature for 1 hour. Subsequently, a borane-pyridine
complex (90.2uL) was added and the mixture was further
stirred at room temperature for 3 hours. This was followed by
addition of 6mol/L hydrochloric acid (1.5mL) and stirring for
1 hour. Subsequently, a 6mol/L aqueous solution of sodium

25 hydroxide was added to make the mixture basic and the mixture
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50 21 December 2005 was extracted with diethyl ether (3 x 20mL). The diethyl ether extracts were
combined and the combined diethyl ether layer was dried over anhydrous sodium sulfate and was
then concentrated under reduced pressure. The resulting residue 5 was purified on a silica gel column
(eluant = hexane: ethyl acetate = 4:1) to give 179mg of (3S,4S)-1-benzyl-321 December 2005
benzylaminomethyl-4-fluoropyrrolidine as a pale brown oil. MS (Cl+) : m/z =299 (MH+) . HRMS (CI+)
: Calcd for CIG2421\12 2596 1994, 10ufid- 599/ 1066 "Ry stkp # 10mL) . The diethyl
(3S,4S)-1-Benz¥ll-3-benzylaminomethyl-4 fluoropyrrolidine (%75mg) was dissolved in methanol (2mL).
To this solutfoh! friol&ctarSibfed'SAT1E6MY, Hcdtid Weid 1§ (638t yed diethyl ether
[(1-ethoxycyclopropyl)oxy]trimethylsilane (0.47mL) and sodium cyanoborohydride (110mg) were
added and the®Hiixtule ial heat r&fiixed 8PS Hoars while baih éjti‘-rfeaot.esgﬁ@edt%%tlwu Soluble
materials were removed from the reaction mixture by filtration through a Celite pad. The 20 insoluble
materials and (16 CAitb Pt et rhs R R mBHEION e fitiite AR AG WEShT oldion were

combi'ne(li) anda% _2moI/Lfa%L€I:ous sglustiioP,of soditimchg/ﬂrl%xgde was adtded to, Q%(g the combined
organic layer basic (pH14)!

ethaniol Was™ thenfemdved undef reddced pressiire arid ﬁ1teh|>ésidue was
acetate = 4:1) to give 179mg of (3S,4S)-1-benzyl-3-
benzylaminomethyl-4-fluoropyrrolidine as a pale brown oil.
MS (CI'): m/z = 299 (MH").
HRMS (CI"): Calcd for CioH,4FN,: 299.1924; found: 299.1960.
10
Step 7:

(35,4S)-1-Benzyl-3-benzylaminomethyl-4-
fluoropyrrolidine (175mg) was dissolved in methanol (2mL). To
this solution, molecular sieves 3A (180mg), acetic acid

15 (0.36mL), [(l-ethoxycyclopropyl)oxy]ltrimethylsilane (0.47mL)
and sodium cyanoborohydride (110mg) were added and the
mixture was heat-refluxed for 3 hours while being stirred.
Subsequently, insoluble materials were removed from the
reaction mixture by filtration through a Celite pad. The

20 insoluble materials and the Celite pad were washed with
methanol. The filtrate and the washing solution were combined
and a 2mol/L aqueous solution of sodium hydroxide was added
to make the combined organic layer basic (pH14). Methanol was
then removed under reduced pressure and the residue was

25 extracted with diethyl ether (3 x 100mL). The diethyl ether
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25 extracted with diethyl ether (3 x 100mL). The diethyl ether 51 21 December 2005 extracts were
combined and the combined diethyl ether layer was dried over anhydrous sodium sulfate and was
then concentrated under reduced pressure. The resulting residue was purified on a silica gel column
(eluant = hexane: ethyl 5 acetate = 4:1) to give 172mg of (3R,4S)-3-(N-ben2yl-Nbecember 2005
cyclopropyl)aminomethyl-I-benzyl-4-fluoropyrrolidine as a colorless tar-like product. MS (Cl+)
:m/z=339 (MBX} TRARMS (EFS : CHEd fii CF2928E82:°838°2957 19uRE 339.5585 10" SiEp's: (3R,
4S) -3- (N-Benzyl-N-cyclopropyl) aminomethyl-1-benzyl- 4-fluoropyrrolidine (170mg) was dissolved in
ethanol (IOmE'}STEEHIE Sofifioh, 109 FEiRdTum CAtbh Ebbhid) it chi8fstor 4B (0.17mL) were
added and the mixture was stirred at 50C for 23 hours under a h¥drogen pressure of 3.9X105Pa.
Subsequently: CB&IFHHIIRA &P SN Ak rERfdveadrdm Te Feattion mikde by Hitdionthirstith a Celite

pad. The removed palladium carbon and the Celi&e pad were washed with \%thanol. The filtrate and 20

the washing $61GtieH were ten Combined and the conbiléd orgahiclayer wad ebicertratdd under

reduced pressure. To the resulting residue, a_30% aqueous solution of sodium hydroxide

(approxir%ate?ycl?ntf}tﬁas_ édeié. lfns%h\ﬂ%ntj?f%%%iuor# CK?OEI{’Y eéj) ] (N genzyX N
cyclopropyl)aminomethyl-1-benzyl-4-fluoropyrrolidine as a
colorless tar-like product.

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

HRMS (CI"): Calcd for CyyH,sFN,: 339.2237; found: 339.2285.

10
Step 8:
(3R, 4S) -3- (N-Benzyl-N-cyclopropyl) aminomethyl-1-benzyl-
4-fluoropyrrolidine (170mg) was dissolved in ethanol (10mL).
To this solution, 10% palladium carbon (200mg) and chloroform
15 (0.17mL) were added and the mixture was stirred at 50°C for

23 hours under a hydrogen pressure of 3.9x10°Pa. Subsequently,
palladium carbon was removed from the reaction mixture by
filtration through a Celite pad. The removed palladium carbon
and the Celite pad were washed with ethanol. The filtrate and

20 the washing solution were then combined and the combined
organic layer was concentrated under reduced pressure. To the
resulting residue, a 30% aqueous solution of sodium hydroxide
(approximately 1mL) was added. Subsequently, sodium chloride
was added to saturation and the mixture was extracted with

25 diethyl ether (3 x 10mL). The diethyl ether extracts were
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was added to saturation and the mixture was extracted with 25 diethyl ether (3 x IOmL) . The diethyl
ether extracts were 52 21 December 2005 combined and the combined diethyl ether layer was dried
over anhydrous sodium sulfate and was then concentrated under reduced pressure to give 65.4mg of
(3R,4S)-3- cyclopropylaminomethyl-4-fluoropyrrolidine as a pale brown 5 oik This=cempeund 0Was
identical to the compound obtained in Reference Example 11 (Process (1)). Reference Example 13
Synthesis of BRAR) L cytishrbp§laniRbmety-4: b Huor&iytdlidifeStep'es dried over
(3R,4R)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3- ylimethanol (2.50g), triphenylphosphine (5.74qg),
and benzoic H X855 \ﬁ&%ldﬁ@scﬁVé&p ﬁ]tf;etl%%;d%?ﬁraWk%ﬁnﬁﬁp\ﬁﬁﬁEﬁ%tﬁ% $3\Gfidn was cooled
on a sodium chlagride/ice bath, azodicarbaoxylic acid diethyl ester (40% toluene solution, 9.53mL) was
added dropwise HREMmiRAGTE WHSstirfedPfof 1 Adur BP0E or befbw ahd then for additional 2 hours at
room temperature and Wail subse uerﬁllgi/I com;%ntrated under reduced 20 pressure. The resulting

residue was pulifiedor B SHEE GEI Ed1tMh (@luant SHEXAhE ety Atetdfe 2 X1 TheEfitéd pale

brown talike pterigl s dissalved n sthanol (0L o his solution potassiym catbonat (4.076)

Reference Example 11 (Process (I)).

Reference Example 13

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

10 fluoropyrrolidine

Step 1:

(3R, 4R) - [1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]methanol (2.50g), triphenylphosphine (5.74g), and benzoic
acid (2.55g) were dissolved in tetrahydrofuran (60mL). While

15 this solution was cooled on a sodium chloride/ice bath,
azodicarboxylic acid diethyl ester (40% toluene solution,
9.53mL) was added dropwise. The mixture was stirred for 1
hour at 0°C or below and then for additional 2 hours at room
temperature and was subsequently concentrated under reduced

20 pressure. The resulting residue was purified on a silica gel
column (eluant = hexane: ethyl acetate = 2:1). The eluted
pale brown tar-like material was dissolved in ethanol (60mL).
To this solution, potassium carbonate (4.07g) dissolved in
water (30mL) was added and the mixture was heat-refluxed for

25 3 hours while being stirred. Subsequently, the reaction
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water (30mL) was added and the mixture was heat-refluxed for 25 3 hours while being stirred.
Subsequently, the reaction 53 21 December 2005 mixture was concentrated under reduced pressure,
and the resulting residue was dissolved in dichloromethane (200mL). The dichloromethane solution
was washed with a saturated aqueous solution of sodium chloride (2 x 50n2), Masddtied:S DVES
anhydrous sodium sulfate, and was then concentrated under reduced pressure. The resulting residue
was purified 8 *a 8ifi€a YPcdlammn@iuaht ety Cidetdte hiethamdi ST 1T to Yive 209g of
(3R,4S)-[1-benzyloxycarbonyl-4-hydroxy pyrrolidin-3-yljmethanol as a milky white syrup-like product.
10 MS (Em/z2281 (VA9 §t%i‘>lé?u€3F¥”,ié)-‘ﬁf-%%?]%Vl%&gydﬁ}bgﬁﬁ%%&%%ﬁﬁﬁ&id -3 methanol
(2.339), sodium azideéﬁflg), triphen%lphosphi,ne 15 (2.679), and N,,N-dimethgllformamide (46mL)
were mixed With ofie AHOtASH W thissRixtlreWad Tol&d o an e ba, 528ithRté&ifethane
solution (IOmL) of carbon tetrabromide (3.389) was added dropwise. The reaction mixture was stirred
for 13 hours &t %%ﬁwufen?ﬁiﬁﬁﬂrg%n%%ac%ﬁt%n B%b%% 150 60C folldled by additibhSt methanol

(3mL) an c%nceptrargion éjpgeg re%u eg Hprgsi%retghe arg%ulgi]g% r%sggue Wwas, gigsolggd in ethyl
acetate ( OOm}ffana1 was washed with & sattrated dgueous solution SF soditin thistide 2 x 50mL),
under reduced pressure. The resulting residue was purified on
a silica gel column (eluant = ethyl acetate: methanol = 10:1)
to give 2.04g of (3R,4S)-[l-benzyloxycarbonyl-4-hydroxy
pyrrolidin-3-yl]lmethanol as a milky white syrup-like product.

10 MS (EI)m/z=251 (M").

Step 2:
(3R, 4S)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]methanol (2.33g), sodium azide (1.81lg), triphenylphosphine
15 (2.67g), and N,N-dimethylformamide (46mL) were mixed with one
another. While this mixture was cooled on an ice bath, a
dichloromethane solution (10mL) of carbon tetrabromide
(3.38g) was added dropwise. The reaction mixture was stirred
for 13 hours at room temperature and additional 3 hours at
20 60°C, followed by addition of methanol (3mL) and
concentration under reduced pressure. The resulting residue
was dissolved in ethyl acetate (200mL) and was washed with a
saturated aqueous solution of sodium chloride (2 x 50mL),
followed by drying over anhydrous sodium sulfate and

25 concentration under reduce pressure. The resulting residue
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followed by drying over anhydrous sodium sulfate and 25 concentration under reduce pressure. The
resulting residue 54 21 December 2005 was purified on a silica gel column (eluant = ethyl acetate:
hexane = 2:1) to give 2.18g of (3R,4S)-3-azidomethyl-I- benzyloxycarbonyl-4-hydroxypyrrolidine as a
milky white syrup-like product. 5 MS (FAB+) : m/z=277 (MH+) Step 3: 21 December 2005
(3R,4S)-3-Azidomethyl-I-benzyloxycarbonyl-4 hydroxypyrrolidine (300mg) was dissolved in

dichlorometh¥4Aé F'BLFEWhie 3hiS sbittbndfas 608 bn &t e ath, dithylaffifdstifr

trifluoride (0.43mL) was added dropwise. The mixture was stirred at room temperature for 4 hours.
While the reatfisA Vesselwas codled bhGarfice Batha Sifuratdd 4q3€ous asiutisi of sodium
hydrogen carbonate (6mL) 15 was added and the dichloromethane layer was collected. The collected

dichlorometh&fi& faye? WA WASHET with & SHIGrRfEd "ddUiebis Soldtionof Sodium Ehidride (2 x 2mL),

was dried over anhydrous sodiudm sulfate, and was then concentrated under reduced pressure. The
resulting residdé Was putfieBord 2b silica gel column (eluant = hexane: ethyl acetate = 2:1) to give
211mg of5a mijxture of ( R,4F\’/)-?L-5\7'Lgog1eth I-I- benzyloxycarbonyl-4-fluoropyrrolidine and

yl-5-py

3-azidometh§ﬁ- b(éFr?‘z]%/l xycarfiord ytrofirie.

Step 3:
(3R, 4S)-3-Azidomethyl-1-benzyloxycarbonyl—-4-

hydroxypyrrolidine (300mg) was dissolved in dichloromethane

10 (6mL). While this solution was cooled on an ice bath,
diethylaminosulfur trifluoride (0.43mL) was added dropwise.
The mixture was stirred at room temperature for 4 hours.
While the reaction vessel was cooled on an ice bath, a
saturated agueous solution of sodium hydrogen carbonate (6mL)

15 was added and the dichloromethane layer was collected. The
collected dichloromethane layer was washed with a saturated
aqueous solution of sodium chloride (2 x 2mL), was dried over
anhydrous sodium sulfate, and was then concentrated under
reduced pressure. The resulting residue was purified on a

20 silica gel column (eluant = hexane: ethyl acetate = 2:1) to
give 211lmg of a mixture of (3R,4R)-3-azidomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine and 3-azidomethyl-1-

benzyloxycarbonyl-3-pyrroline.
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55 21 December 2005 Step 4: Platinum oxide (IV) (50.0mg) was suspended in ethanol (7mL) and the
suspension was stirred at room temperature for 30min in a stream of hydrogen (provided from a
balloon). To 5 this suspension, an ethanol solution (3mL) of a mixture (551mg) of
(3R,4R)-3-azidomethyl-I-benzyloxycarbonyl-4- fluoropyrrolidine and 21 December 2005
3-azidomethyl-lI-benzyloxycarbonyl-3- pyrroline was added, and the mixture was stirred at room
temperature for $hdurs in a stream of hydrogen (provided 10 from a balloon) Subsequently, the
catalyst was removed from_ the reaction mixture b%/ filtration and was washed with ethanol. The filtrate
and the washing solutibft WetBEombifEd dnd th&ConiBiRed BPGanic e Wad ddhcehtralédtunder
reduced pressure. The resulting residue was then purified on a silica 15 gel column (eluant = ethyl
acetate shiftetl TBlethfribetate: THEREHGIHS 10" To Yive 3E5mG ‘of BHRkuhE 8138 4R)E3-1°F
aminomethyl-1-benzyloxycarbonyl-4-fluoropyrrolidine and 3- .

aminometiy L Beoyi Sy baTS - SmoNP A 58 Sho BF R it 526y B LLoon) - To
(3S,4R)-3-ami omethl}/l-l- benz onycarbopxl-4-ﬂ£r|oro rrolidine agr%]dL?-an}inomet%-l-
benzyloxycar%oﬁ?l- %-ﬁﬁreoqi%é Was didsoived iy methanol ](ﬁr%Lf o'thi§ softtiGih“molecular sieves 4A

(130mg) and 25-qenzaldehyds (0 43mly were sequgntially agded and the mixture ) -
fluoropyrrolidine and 3-azidomethyl-1l-benzyloxycarbonyl-3-
pyrroline was added, and the mixture was stirred at room
temperature for 5 hours in a stream of hydrogen (provided

10 from a balloon). Subsequently, the catalyst was removed from
the reaction mixture by filtration and was washed with
ethanol. The filtrate and the washing solution were combined
and the combined organic layer was concentrated under reduced
pressure. The resulting residue was then purified on a silica

15 gel column (eluant = ethyl acetate shifted to ethyl acetate:
methanol = 10:1) to give 313mg of a mixture of (3S,4R)-3-
aminomethyl-1l-benzyloxycarbonyl-4-fluoropyrrolidine and 3-

aminomethyl-1-benzyloxycarbonyl-3-pyrroline.

20 Step 5:

A mixture (310mg) of (3S,4R)-3-aminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine and 3-aminomethyl-1-
benzyloxycarbonyl-3-pyrroline was dissolved in methanol (4mL).
To this solution, molecular sieves 4A (130mg) and

25 Dbenzaldehyde (0.13mL) were sequentially added and the mixture
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56 21 December 2005 was stirred at room temperature for 1 hour. Subsequently, a borane-pyridine
complex (0.19mL) was added and the mixture was further stirred at room temperature for 4 hours.
This was followed by addition of 6mol/L hydrochloric acid (2mL) and 5 stirring at room temperature for
1 hour. Subsequently, a 30% aqueous solution of sodium hydroxide was added to-paike the Odikture
basic and the mixture was extracted with diethyl ether (3 x IOmL) The diethyl ether extracts were
combined antfthedomBifigd HiethYIBth&FBYEF a8 TontehtrateBUNder TOFUTEBE Pressuré. The
resulting residue was purified on a silica gel column (eluant = dichloromethane: methanol = 10:1) to
give 177mg St (BSURELbEAIMEMTTEREHTI-I behZoky&srBoRVISE dusrspy Hofidfie 85 Bale yellow
oil. MS (FAB+) : m/z = 343 (MH+) . 15 HRMS (FAB+) : Calcd for C20H24FN202: 343.1822; found:
343.1815. St¥6 &: (3%, UR)-32BénAiamHonGRY- 1 B8RSy Bk darbdi-4 fldPdpyrroliding (F'7oing)
was dissolved in methangl (5mlL). Tao 20 this solutjon, molecular sieves 3A (160 acetic acid
(0.29mL), [(L3&hoIE o oﬁ}ﬁ)%)&%ﬁr%e%lsﬁ@% /(B.40M15° AP Sodium™ ng%gﬁt}hy%ﬁge (93.5mg)
were added antd, the, mixtU£e was hegt-refluxeg for 3 ouriwt?ile bein% sgrred. Subfequent%o/
insoluble matériafs wére femoved from the 2% reaction’ mixture’ 6N throUT

ure bl)?filtratlon th ug +a Celite pad. The
aqueous solution of sodium hydroxide was added to make the
mixture basic and the mixture was extracted with diethyl
ether (3 x 10mL). The diethyl ether extracts were combined
and the combined diethyl ether layer was concentrated under

10 reduced pressure. The resulting residue was purified on a
silica gel column (eluant = dichloromethane: methanol = 10:1)
to give 177mg of (3S,4R)-3-benzylaminomethyl-1-
benzyloxycarbonyl-4-fluoropyrrolidine as a pale yellow oil.

MS (FAB"): m/z = 343 (MH").

15 HRMS (FAB"): Calcd for C,oH,sFN,0,: 343.1822; found: 343.1815.

Step 6:
(35,4R) -3-Benzylaminomethyl-1-benzyloxycarbonyl-4—
fluoropyrrolidine (170mg) was dissolved in methanol (5mL). To
20 this solution, molecular sieves 3A (160mg), acetic acid
(0.29mL), [(l-ethoxycyclopropyl)oxy]trimethylsilane (0.40mL),
and sodium cyanoborohydride (93.5mg) were added and the
mixture was heat-refluxed for 3 hours while being stirred.
Subsequently, insoluble materials were removed from the
25 reaction mixture by filtration through a Celite pad. The
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57 21 December 2005 insoluble materials and the Celite pad were washed with methanol. The filtrate
and the washing solution were combined and a 2mol/L aqueous solution of sodium hydroxide was
added to make the combined organic layer basic (pH>12) . Methanol 5 was then removed under
reduced pressure and the residue was extracted with diethyl ether (3 x |0l The-diettayt eftier5
extracts were combined and the combined diethyl ether layer was dried over anhydrous sodium
sulfate and whS A& ROfcEtFEtEd Thtef FEtIUCRT Preédsure. PRE réifing Fedlitick “TbWas purified on
a silica gel column (eluant = hexane: ethyl acetate = 2:1) to give 166mg of (3S,4R)-3-(N-benzyl-N
cyclopropyl)dRihBetHyi-I-beHzyloxyE&mofy FAfIISIGpY RGNS as Al EBioHess G ke produtt I Ms
(FAB+) : m/z = 383 (MH+(_L.{ 15 HRMS (FAB+) : Calcd for C23H28FN202:383.2135; found:383.2119.
Step 7: (3S, ARF-F (KIBen 21Ny A85ropt EminBmethyi AL baRz Ry CaFb oAy I iubrdp§tolidine
(160mg) was dissolyed 20 in ethanol (3mL) . To this_solution, 10% palladirutrijjl carbon (20.0mg) was

€

added and themiiire WAL stit?dt af foon? 1ériperattie for SRS in & strea of RyHrSgEn (provided

from a ba\rJIIoon%SuQ%e%luentlx, the catalyst was EE’olle%{ed from the reactiotrb]mixture,%}{lfiltration through
a Celite pad.‘@ *The'Collected ggtaly%?aﬁa theé Cefite pgdC were' %%sﬁgg with® FesStaue was

extracted with diethyl ether (3 x 10mL). The diethyl ether
extracts were combined and the combined diethyl ether layer
was dried over anhydrous sodium sulfate and was then
concentrated under reduced pressure. The resulting residue
10 was purified on a silica gel column (eluant = hexane: ethyl
acetate = 2:1) to give 1l66mg of (3S,4R)-3-(N-benzyl-N-
cyclopropyl)aminomethyl-1-benzyloxycarbonyl-4-
fluoropyrrolidine as a colorless tar-like product.
MS (FAB'): m/z = 383 (MH').

15 HRMS (FAB"): Calcd for C,3H,3FN,0,:383.2135; found:383.21109.

Step 7:
(35,4R) -3- (N-Benzyl-N-cyclopropyl)aminomethyl-1-

benzyloxycarbonyl-4-fluoropyrrolidine (160mg) was dissolved
20 in ethanol (3mL). To this solution, 10% palladium carbon

(20.0mg) was added and the mixture was stirred at room

temperature for 5 hours in a stream of hydrogen (provided

from a balloon). Subsequently, the catalyst was collected

from the reaction mixture by filtration through a Celite pad.
25 The collected catalyst and the Celite pad were washed with
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58 21 December 2005 ethanol. The filtrate and the washing solution were combined and the resulting
residue was purified on a silica gel column (eluant = ethyl acetate: methanol = 20:1, shifted to
dichloromethane: methanol = 10:1) to give 50.7mg of (3R,4R)- 5
3-cyclopropylaminomethyl-4-fluoropyrrolidine as a colorless oil. MS (FAB+R1mizz db9(MHE-E0OHRMS
(FAB+) : Calcd for CBH16FN2: 159.1298; found: 159.1286. 10 Reference Example 14 Synthesis of
(3R, 45)-3-[ (RERFBUtoxyCabohy T ByEoprdpyh HmiHB it -2fibromie gy Sikive "Sep 1:
(1S,5R)-7-[(1R)-1-Phenylethyl]-3-oxa-7- 15 azabicyclo[3.SWOﬂﬁoctane-Z-one (7.73g, 33.4mmol) was
dissolved in BtHanol o2t T d tifls §6iGH ScyEiShropyiaimifE (@8.3mfWwasadded, & e
mixture was stirred at 80C for 44 hours and was subsequently concentrated under reduced pressure.
The resulting f8$idtBwas Gis8dIVed 7 byt 20 S&&ta(@bomL Gty theofitish was washed with
water (2 x 50mL), followed by drying over anhydrous sodium sulfate and concentration under
reduced presSure: TotRETestiHg ?%%Hhae?aﬁisgpr%%y?gth&o (%b‘ﬁﬁ.)?/éjasg diéjé arzg Frie ixture

was heatgd g for, grystal anl was then eareepuated (o 28 apprpximately. U2, The formed rvsta
was collected by

oil.

MS (FAB'): m/z = 159 (MH").

HRMS (FAB'): Calcd for CgHi¢FNy: 159.1298; found: 159.1286.

10 Reference Example 14

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

cyclopropyl)amino]lmethyl-4-fluoromethylpyrrolidine

Step 1:
(15,5R)-7-[(1R)-1-Phenylethyl]-3-oxa-7-

15 azabicyclo[3.3.0]octane-2-one (7.73g, 33.4mmol) was dissolved
in ethanol (92mL). To this solution, cyclopropylamine
(46.3ml) was added, and the mixture was stirred at 80°C for
44 hours and was subsequently concentrated under reduced
pressure. The resulting residue was dissolved in ethyl

20 acetate (300mL) and the solution was washed with water (2 x
50mL), followed by drying over anhydrous sodium sulfate and
concentration under reduced pressure. To the resulting
residue, diisopropyl ether (300mL) was added and the mixture
was heated to form crystal and was then concentrated to

25 approximately 1/2. The formed crystal was collected by
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59 21 December 2005 filtration and the collected crystal was washed with diisopropyl ether and was
dried under reduced pressure to give 4.419g of (3R,4S)-N-cyclopropyl-4-hydroxymethyl-I-[(1S)-
1-phenylethyl]pyrrolidine-3-carboxamide as a white crystal. 5 The filtrate and the washing solution
were combined and the combined solvent was concentrated under reduced pressueebEe 268ulting
residue was purified on a silica gel column (eluant = hexane; ethyl acetate = 1:1, shifted to ethyl
acetate) to obtdif BabitohafL S0Gbt (§ﬁ%9ﬁ%@cﬁb¥§ﬁiﬁ-ﬁ s washed with
hydroxymethyl-l-[(1S)-1-phenylethyl]pyrrolidine-3-carboxamide. The total amount of the compound
was 5.91g. ME (EIRRIFPEB88TIMIS - Eleelitity QhaRyRis @6 - CARTIGFE1PATIANS G2 B2H20: C
69.93, H 8.42, N 9.59; found: C 70.16, H 8.32, N 9.60. 15 Step 2:
(3R,4S)-N-Cyldsiopyld-hydloxyrietiyid (TS YL prEmyIEIY TRy rsitfid s BExarmidk (7B4g) was
dissolved in N,N-dimethylformamide (180mL). While this solution was 20 cooled on an ice bath,
imidazole (2.67§) St/ lﬁe%gb\@liﬂ%%é iHeqﬁﬁlgi\T/én_ec(af oG Wersétilientiliy 58d&d Y The trixture

was stired agoom.temperature for 90min and was subiseduenty concentrated ynder redyced
pressure.” The resuﬁlng résidué Was dissolvéd in 8thy?acé:ta9e ( mﬁ.) an
combined solvent was concentrated under reduced pressure. The
resulting residue was purified on a silica gel column (eluant
= hexane: ethyl acetate = 1:1, shifted to ethyl acetate) to
obtain additional 1.50g of (3R,4S)-N-cyclopropyl-4-
10 hydroxymethyl-1-[(1S)-1-phenylethyl]pyrrolidine-3-carboxamide.
The total amount of the compound was 5.91g.
MS (EI)m/z = 288 (M').
Elementary analysis (%): Calcd for C;7Hp4N,0,°0.2H,0: C 69.93, H
8.42, N 9.59; found: C 70.16, H 8.32, N 9.60.
15
Step 2:

(3R,45) -N-Cyclopropyl-4-hydroxymethyl-1-[ (1S)-1-
phenylethyl]pyrrolidine-3-carboxamide (7.54g) was dissolved
in N,N-dimethylformamide (180mL). While this solution was

20 cooled on an ice bath, imidazole (2.67g) and tert-
butylchlorodimethylsilane (4.72g) were sequentially added.
The mixture was stirred at room temperature for 90min and was
subsequently concentrated under reduced pressure. The
resulting residue was dissolved in ethyl acetate (300mL) and

25 the solution was washed with water (2 x 100mL), followed by
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25 the solution was washed with water (2 x 100mL), followed by 60 21 December 2005 drying over
anhydrous sodium sulfate and concentration under reduced pressure. The resulting residue was
purified on a silica gel column (eluant = ethyl acetate) to give 7.05¢g of
(3R,4S)-N-cyclopropyl-4-(tert-butyldimethylsilyl)oxymethyl-1 5 21 December 2005
[(1S)-1-phenylethyl]pyrrolidine-3-carboxamide as a pale yellow tar-like product. MS (El) m/z: = 402
(M+). Step 3:%63‘!’5%4%?%0?1%}5?6%%%—(?&%&%&%&%%Iyi‘)“d concentration under
oxymethyl-I-[(1S)-1-phenylethyl]pyrrolidine-3-carboxamide (7.00g) was dissolved in toluene (70mL).
To this solutidit BaheEdifiethyl sulfidé Gomplek (2260 mi§ Wed A dEtakd the Mikture wis
heat-refluxed for 5 hours while being stirred. 15 Subsequently, the reaction mjxture was allowed to
cool to roomtermpetatdre: FoNOWilG AGditiGR of a 1994-Ahuitas Hofitior ofSodiun carfortate (42mL),

the mixture stirred at 100C for 1 hour and the toluene layer was separated. The toJuepe_layer
o washed SRR IERS (% SR Y o0 OO 5rer Ay Lo Lok SR GE ek

concentrated _ynder reduced pressure..The resulting residue was purified on a silica gel column
e o e e R B b v e ira i oymethyl-3-
cyclopropylaryérhom%hglélri(fﬁél-gr}%%%tthyl]pyrrolldlne as a

MS (EI) m/z: = 402 (M").

Step 3:

10 (3R,45) -N-Cyclopropyl-4-(tert-butyldimethylsilyl)
oxymethyl-1-[ (1S)-1-phenylethyl]pyrrolidine-3-carboxamide
(7.00g) was dissolved in toluene (70mL). To this solution,
borane-dimethyl sulfide complex (2.20mL) was added and the
mixture was heat-refluxed for 5 hours while being stirred.

15 Subsequently, the reaction mixture was allowed to cool to
room temperature. Following addition of a 10% aqueous
solution of sodium carbonate (42mL), the mixture was stirred
at 100°C for 1 hour and the toluene layer was separated. The
toluene layer was washed with water (2 x 30mL), was dried

20 over anhydrous sodium sulfate, and was then concentrated
under reduced pressure. The resulting residue was purified on
a silica gel column (eluant = hexane: ethyl acetate = 4:1) to
give 4.78g of (3S,4S)-4-(tert-butyldimethylsilyl)oxymethyl-3-
cyclopropylaminomethyl-1-[ (1S)-1-phenylethyl]pyrrolidine as a

25 colorless oil.
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25 colorless oil. 61 21 December 2005 Step 4: (3S,4S)-4-(tert-Butyldimethylsilyl)oxymethyl-3
cyclopropylaminomethyl-1-[(1S)-1-phenylethyl]pyrrolidine 5 (4.70g) was dissolved in dichloromethane
(70mL). To this solution, di-tert-butyldicarbonate (2.77g) was added and the mixture was stirred at
room temperature for 2 hours. Subsequently, the reaction mixture was conzéentbatednuneter 2redoced
pressure and the resulting residue was purified on a 10 silica gel column (eluant = hexane: ethyl
acetate = 4:1, shifted to 1:1) to give 5.28g of (3R,4S)-3-[(N-tert-
butoxycarbonyl-N-cyclopropyl)amino]methyl-4-(tert- butyldimethylsilyl)oxymethyl-1-[(1S)-1-
phenylethyl]p Holdihé as a colorless oil. 15 Step 5: Process (A):
(3R,4S)-N-Cyclopropyl-4-h gro_x%/Lnethyl-l-_ 13)-1-phenylethyl]pyrrolidine-3-carboxamide (1.49g) was
dissolved in toluene (18mL 1o thid 'softtion 250 &H@EB%%M%&W@%H’%}eﬂO.GSmL) was
added and the mixture was heat-refluxed._for 6 hours while being stirred. . Subsequently, the reaction
mixture was ailowed’ ff)oéjé]oi 6 %S%Gttelﬁ%’ple_r%lfuﬁe%ézll_o%ﬁﬁa Additioh bt o Do %héesolution of
sodium cgrbopate, (12-4mL), e MXIWEWAS, 4 chloromethane (70mL). To this
solution, di-tert-butyldicarbonate (2.77g) was added and the
mixture was stirred at room temperature for 2 hours.
Subsequently, the reaction mixture was concentrated under
reduced pressure and the resulting residue was purified on a

10 silica gel column (eluant = hexane: ethyl acetate = 4:1,
shifted to 1:1) to give 5.28g of (3R,4S)-3-[ (N-tert-
butoxycarbonyl-N-cyclopropyl)amino]lmethyl-4- (tert—
butyldimethylsilyl)oxymethyl-1-[(1S)-1-
phenylethyl]lpyrrolidine as a colorless oil.

15
Step 5:

Process (A): (3R,4S)-N-Cyclopropyl-4-hydroxymethyl-1-
[ (1S) -1-phenylethyl]pyrrolidine-3-carboxamide (1.49g) was
dissolved in toluene (15mL). To this solution, a borane-

20 dimethyl sulfide complex (0.65mL) was added and the mixture
was heat-refluxed for 6 hours while being stirred.
Subsequently, the reaction mixture was allowed to cool to
room temperature. Following addition of a 10% aqueous
solution of sodium carbonate (12.4mL), the mixture was

25 stirred at 100°C for 1 hour and the toluene layer was
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25 stirred at 100C for 1 hour and the toluene layer was 62 21 December 2005 separated. The toluene
layer was then washed with water (IOmL) and was dried over anhydrous sodium sulfate. Following
addition of di-tert-butyldicarbonate (1.13g), the mixture was stirred at room temperature for 30min and
was subsequently 5 allowed to stand overnight. The reaction mixture was tl¥en meneebtsated Untler
reduced pressure and the resulting residue was purified on a silica gel column (eluant = hexane: ethyl
aceuue:=Ll?ﬁ?@ﬁ%§ﬁ§09cﬁ?§R, %Qﬁﬂﬁb&ﬁger was then washed with water
butoxycarbonyl-N-cyclopropyl)amino]methyl-4-hydroxymethyl-1 10 [(1S)-1-phenylethyl]pyrrolidine as
pale brown cr Péfllﬁi?ﬁ@éissw(ﬁ’}: BR.29)-3VN-BRBHo AR sulfate. E]O&OWlng
cyclopropyl)amino methyl-4-(tert-butyldimethylsilyl% oxymethyl-I-[(1S)-1-phenylethyl]pyrrolidine (3.029)
was dissolvelf i tetr 3Ry tbftan (Fsmiy “Whild ths <8t wa 1]530%901ec¥%/ﬁ ah'ice Bath, "9 °
tetrabutylammonium fluoride %I-ré\oI/L tetrahrgdrofuran soILét'om 7.42m1) was added dropwise and the

mixture was Stirféd &frodm feriPeratiife¥of 2 btirs. “Subsayuenty) “a LattrStacsqtEols sbiution of

sodium ¢ Ioridfl SGOrQ{L) was 1g:lddgd and the ixtureTvl\gas extracted With,et{?il 20 acetate (2 x 150mL).
The ethy acetate extracts weré 8omBined” afd the combined %%I’\ly?%c@tla}fe aryeer Was washed with a

saturated aqueous saqlution %f %%déum chl%ride g x 100mL), follo eng%y gré/ér&glgver anhg/drous

sodium sulfate 4t ntrate er reduced pressute an 1ng re€sidue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 1:1) to give 1.50g of (3R,4S)-3-[ (N-tert-
butoxycarbonyl-N-cyclopropyl)amino]lmethyl-4-hydroxymethyl-1-
10 [ (1S)-1-phenylethyl]pyrrolidine as pale brown crystal.
Process (B): (3R,4S)-3-[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl-4- (tert-butyldimethylsilyl)
oxymethyl-1-[(1S)-1-phenylethyl]pyrrolidine (3.02g) was
dissolved in tetrahydrofuran (45mL). While this solution was
15 cooled on an ice bath, tetrabutylammonium fluoride (lmol/L
tetrahydrofuran solution, 7.42ml) was added dropwise and the
mixture was stirred at room temperature for 2 hours.
Subsequently, a saturated aqueous solution of sodium chloride
(60mL) was added and the mixture was extracted with ethyl
20 acetate (2 x 150mL). The ethyl acetate extracts were combined
and the combined ethyl acetate layer was washed with a
saturated aqueous solution of sodium chloride (2 x 100mL),
followed by drying over anhydrous sodium sulfate and
concentration under reduced pressure. The resulting residue
25 was dissolved in ethyl acetate (10mL) and the formed crystal
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concentration under reduced pressure. The resulting residue 25 was dissolved in ethyl acetate (IOmL)
and the formed crystal 63 21 December 2005 was collected by filtration, was washed with a small
amount of ethyl acetate, and was then dried under reduced pressure to give 781mg of
(3R,4S)-3-[(N-tert-butoxycarbonyl-N cyclopropyl)amino]methyl-4-hydroxymethybll¢ES)p&+52005
phenylethyl]pyrrolidine as a white crystal. The filtrate and the washing solution were combined and the
combined ord4hic 98yerias Cofdentratéd GhdeFredited ed&le " résutfitfy’ TeSidaE Was purified
on a silica gel column (eluant = hexane: ethyl acetate = 1:1) to give additional 1.43g of (3R,4S)-3 10

[(N-tert-butoxyEafbony ENZEEiGGpyIF Bfhitigiethyi. A5 16 dnder reduced pressure
hydroxymeth%f—jl&&,lé%l-phenylethygp rrolidine, The total amount of the compound was 2.21g. MS
(M+).

(El) m/z: = 3 IEMEREArY BndlySis (94): Calcd'for Co2FUNIOS T 7685 H'9.15, 15 N 7.48;
found: C 70.56, H 9.29, N 7.52. Step, 6: (§R,4S)-3-§ N-tert-Butoxycarbonyl-N-cyclopropyl) amino]
methyl-4-hyd?é@&%%%ﬁﬁlay[ﬂfﬁ?ﬁ%ﬁéﬂﬁl tApyrrodine “28" ?igég)‘\%a bisdbived in dichloromethane
(40mL). hilel'%his s?lutt'&ca)nl as coolfdgn a sodium chlogde/ice bath triet}ylargin 1.05mL)n as
added. TRis was followedb EEi-\(cﬂorv(\j/isé additionof T m‘é]%h%ln%sﬁﬁé/nsﬁ%%lbrio% 50 mE ?Kﬁefa
the washing solution were combined and the combined organic
layer was concentrated under reduced pressure. The resulting
residue was purified on a silica gel column (eluant = hexane:
ethyl acetate = 1:1) to give additional 1.43g of (3R,4S)-3-

10 [ (N-tert-butoxycarbonyl-N-cyclopropyl)amino]methyl-4-
hydroxymethyl-1-[ (1S)-1-phenylethyl]pyrrolidine. The total
amount of the compound was 2.21g.

MS (EI) m/z: = 374 (M).

Elementary analysis (%) : Calcd for CyyH34N,O03: C 70.55, H 9.15,

15 N 7.48; found: C 70.56, H 9.29, N 7.52.

Step 6:
(3R, 4S)-3-[ (N-tert-Butoxycarbonyl-N-cyclopropyl)amino]

methyl-4-hydroxymethyl-1-[ (1S)-1-phenylethyl]pyrrolidine

20 (2.66g) was dissolved in dichloromethane (40mL). While this
solution was cooled on a sodium chloride/ice bath,
triethylamine (1.05mL) was added. This was followed by
dropwise addition of methanesulfonyl chloride (0.58mL). After
being stirred at -5°C for 30min, the reaction mixture was

25 washed with water, was dried over anhydrous sodium sulfate,
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being stirred at -5C for 30min, the reaction mixture was 25 washed with water, was dried over
anhydrous sodium sulfate, 64 21 December 2005 and was then concentrated under reduced pressure.
The resulting residue was dissolved in tetrahydrofuran (21mL). To this solution, tetrabutylammonium
fluoride (Imol/L tetrahydrofuran solution, 21.3mL) was added and the mixtuga SiwassheatreflORed for 2
hours while being stirred. The reaction mixture was concentrated under reduced pressure and the
resulting resiUEWASHis<ENeFITERYIEAGESR (200ML) F THe Sy Pttt Sotutidi fas washed with

water (2 x 50mL), was dried over anhydrous sodium sulfate, and was then 10 concentrated under

reduced pressifet Theéstfting F8Sidlie Swasd punfidd dn'd'silfi€k jerestamhieriant £ iExhne: Ethyl
acetate = 4:1, shifted to 1:1) to give 1.13g of (3R,4S)-3- ,
[(N-tert-butox%érsooﬁ%ﬁgdﬁ%prtéﬁﬁf MoIMat R fitdrdmBig 19 (1S P:hhEnylethylpyrrolidine as
a pale 15 brown tar-like product. MS (E |).m/z = 376 (M+) . Step 7: ,

(3R 4S)-3-[(N-ETE- B CATBORI- NGy oty By 5072 added and the mixture

%%egyl tfyl&oyﬁrgllglne l.}gg£\év?s dissolved in .me%qlaenol (20mL). To

methyl-4-§|uorome@gl-k[_(ls%-f}
this solution, %aguspeansiorneo o pa [Abium ¢arbon bmg) in W%?ersﬁ%n]ﬁeand ammonium formate

(921mg)mmw%ggg%?@gﬂ%fggﬁgé“wggeconcentrated under reduced pressure and

the resulting residue was dissolved in ethyl acetate (200mL).
The ethyl acetate solution was washed with water (2 x 50mL),
was dried over anhydrous sodium sulfate, and was then

10 concentrated under reduced pressure. The resulting residue
was purified on a silica gel column (eluant = hexane: ethyl
acetate = 4:1, shifted to 1:1) to give 1.13g of (3R,4S)-3-
[ (N-tert-butoxycarbonyl-N-cyclopropyl)amino]lmethyl-4-
fluoromethyl-1-[(1S)-1-phenylethyl]pyrrolidine as a pale

15 brown tar-like product.

MS (EI) m/z = 376 (M').

Step 7:
(3R, 4S)-3-[ (N-tert-Butoxycarbonyl-N-cyclopropyl)amino]
20 methyl-4-fluoromethyl-1-[(1S)-1-phenylethyl]pyrrolidine
(1.10g) was dissolved in methanol (20mL). To this solution, a
suspension of 10% palladium carbon (230mg) in water (4mL) and
ammonium formate (921mg) were sequentially added and the
mixture was heat-refluxed for 90min while being stirred.

25 Subsequently, the catalyst was removed from the reaction
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mixture was heat-refluxed for 90min while being stirred. 25 Subsequently, the catalyst was removed
from the reaction 65 21 December 2005 mixture by filtration through a Celite pad. The removed
catalyst and the Celite pad were washed with ethanol containing 20% water. The filtrate and the
washing solution were combined and the combined solution was concentratéd Beaurwhes sed kasth
pressure. Water (20mL) was then added to the resulting residue. While this mixture was cooled on an
ice bath, a 309¢aqdéod¥’sdiutid 8f SstiufmyirGxidé was ddded R make et basic (pH14).
The mixture was subsequently extracted with dichloromethane (50mL x 2) . The 10 dichloromethane
extracts were“Gorbitiell, RAShER WithSwater (PR 2HRES Huthetofibifed ditHistbmethane layer was

dried over anhydrous sodium sulfate and was then concentrated under reduced pressure, The

resulting resifG& Wasputified bh & Xifida: gell @8lurnh’ (efiEnt =dichibPSm&mhaRe" fhetitansi 250:1) 15
to give 684mg of (3R,4S)-3-[(N-tert-butoxycarbonyl-N- ,

cyclopropyl)a iﬁé]n?&lﬁéﬁﬁl-%ﬂo?&?ﬁet%@ﬁpy?r%ﬁ?giﬁ%eads & Balk" browi tat-1i 080 EE ME (E1) m/z =
272 (M+), 20 Reference Example 15 Synthesis of (3R,4R)-3-cyclopropylaminomethyl-4-
methylpy?roli&i%oe[?rﬁlua?gglc% a epg?espsil:re' Wat(er (2 mLC)y wgs F%en ao{ged to the

resulting residue. While this mixture was cooled on an ice
bath, a 30% aqueous solution of sodium hydroxide was added to
make the mixture basic (pH14). The mixture was subsequently
extracted with dichloromethane (50mL x 2). The

10 dichloromethane extracts were combined, washed with water (2 x
20mL), and the combined dichloromethane layer was dried over
anhydrous sodium sulfate and was then concentrated under
reduced pressure. The resulting residue was purified on a
silica gel column (eluant = dichloromethane: methanol = 20:1)

15 to give 684mg of (3R,4S)-3-[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl-4-fluoromethylpyrrolidine as a pale
brown tar-like product.

MS (EI) m/z = 272 (M").

20 Reference Example 15

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

methylpyrrolidine-trifluoroacetate

Step 1:
1-Benzyl-4-(R) -methyl-3-(R)-[ (4-(S)-phenyl-2-
25 oxazolidinone-3-yl)carbonyl]pyrrolidine (150g) was dissolved
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1-Benzyl-4-(R)-methyl-3-(R)-[(4-(S)-phenyl-2- 25 oxazolidinone-3-yl)carbonyl]pyrrolidine (150g) was
dissolved 66 21 December 2005 in cyclopropylamine (650mL) . The mixture was stirred at room
temperature for 23 hours and was subsequently concentrated under reduced pressure. To the
resulting residue, diisopropyl ether (800mL) was added and the mixture wazlstipredkatroom2B 05
temperature for 70min. The resulting crystal was then collected by filtration. The collected crystal was
then dissolved in"diChBramBIEHE B0 ) Rt the SONTCH-WAE "Extritted With Tmdl/E hylrsthloric
acid (2 x 400mL) . The Imol/L _hydrochloric acid extracts were combined. While the 10 combined
solution was E681RATH-4 feetrdth 28 3094 aGuEd\s SORtBRBTEAUNT hYdBEFREWRE Hdded to make

the solution basic (pH13). The resulting crystal was collected by filtration, was sequentially washed

with water and dfi¢opropyIEiie BRaWAS ther Ariéd Gnd&FHedutRe préssuitd s tgjg]i\?eo B Fvof

(3R,4R)-1-1-benzyl-N-cyclopropyl-4-methyl-3- pyrrolidinecarboxamide as a white crystal. Step 2:
(3R,4R)-1-Be%39?ﬁ-c&%@o¢ﬁ3ﬁyl-&gﬁ%e?ﬁﬁédzﬁ Iggrrglﬁ(l?in@&é%é(ﬁrrlff]c?es(?%%vgr’)%ﬁ s)éltssgf?/%@pin

toluene OO{nL . While this §0Iuti% was coq ed on an r;Lc%a,bath, a botra e-dimetr}}/l sulfide complex
(90%, 34. mL)ewgg %%Eléaedro%gvise.rﬁlh%'mixtu?e Was'thén SHrr&d Yo fsmit dhd wal

collected by filtration. The collected crystal was then
dissolved in dichloromethane (800mL) and the solution was
extracted with Imol/L hydrochloric acid (2 x 400mL). The
Imol/L hydrochloric acid extracts were combined. While the
10 combined solution was cooled on an ice bath, a 30% aqueous
solution of sodium hydroxide was added to make the solution
basic (pH13). The resulting crystal was collected by
filtration, was sequentially washed with water and
diisopropyl ether, and was then dried under reduced pressure
15 to give 52.2g of (3R,4R)-1-1-benzyl-N-cyclopropyl-4-methyl-3-

pyrrolidinecarboxamide as a white crystal.

Step 2:
(3R, 4R) -1-Benzyl-N-cyclopropyl—-4-methyl-3-

20 pyrrolidinecarboxamide (70.0g) was dissolved in toluene
(700mL) . While this solution was cooled on an ice bath, a
borane-dimethyl sulfide complex (90%, 34.3mL) was added
dropwise. The mixture was then stirred for 15min and was
heat-refluxed. After the reaction mixture was cooled to room

25 temperature, a 10% aqueous solution of Na,CO; (400mL) was
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heat-refluxed. After the reaction mixture was cooled to room 25 temperature, a 10% aqueous solution
of Na2CO3 (400mL) was 67 21 December 2005 added and the mixture was stirred at 100C for 2
hours. The mixture was cooled to room temperature and the toluene layer was separated. The
toluene layer was then washed with water (2 x 250mL), was dried over anty/drous-sodiem sudfate, and
was 5 concentrated under reduced pressure. The resulting residue was purified by distillation under

reduced presedfefd GRdin" 18S BRY 2 bEnHA-3-& ety RmindhethyFArmé i riotidiné 962.1g)
as a colorless oil. 10 Step 3: (3S,4R -1-Benzyl-3-cyclopropélaminometh I-4 methylpyrraolidine (25.09)
was dissolvel i Ethanol' odn9! Sfo tHis S6itfoh SHRIGERERE C ABid (1857 &id T096* pafiadium
carbon (12.5g) were added and the mixture was 15 stirred at room temperature for 9 hours under a
hydrogen pré$siré OF 3'G%15Pa. e EQAREE WabTHiEcEdFrdm the YRaEHSh Hhixtlrd By fiftration
and was washed with_ethanol containing 25% water (300mL) . The filtrate and the washing solution
ere combindd ahd 0 BabIAT SR G WAL D ZENEEATENE GRGr BARELd Prie B T
resultantﬁale brown t(:P/sttal | was gusrpend§d in tetrahydrofuran (%QOmL% ang was collected by
filtration. The CoN&Gted carysetal was Washed " Wit té‘jt?gﬁfd%ﬁrran and was dried Uhder reduced
pressure to was purified by distillation under reduced pressure to obtain
(35,4R) -1-benzyl-3-cyclopropylaminomethyl-4-methylpyrrolidine

(62.1g) as a colorless oil.

10 Step 3:
(35,4R) -1-Benzyl-3-cyclopropylaminomethyl-4-

methylpyrrolidine (25.0g) was dissolved in ethanol (200mL) .
To this solution, trifluorocacetic acid (15.7mL) and 10%
palladium carbon (12.5g) were added and the mixture was

15 stirred at room temperature for 9 hours under a hydrogen
pressure of 3.9x10°Pa. The catalyst was collected from the
reaction mixture by filtration and was washed with ethanol
containing 25% water (300mL). The filtrate and the washing
solution were combined and the combined solution was

20 concentrated under reduced pressure. The resultant pale brown
crystal was suspended in tetrahydrofuran (100mL) and was
collected by filtration. The collected crystal was washed
with tetrahydrofuran and was dried under reduced pressure to
give 34.1g of (3R,4R)-3-cyclopropylaminomethyl-4-

25 methylpyrrolidinertrifluoroacetate as a white crystal.
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give 34.lg of (3R,4R)-3-cyclopropylaminomethyl-4 25 methylpyrrolidinetrifluoroacetate as a white
crystal. 68 21 December 2005 Example 1 Synthesis of (3R)-10-[(3S)-3-cyclopropylaminomethyl-I-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H- 5
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid Process (A): 21 December 2005
[(3R)-9,10-Difluoro-3-fluoromethyl-2,3- dihydro-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-
carboxylato-O6, 07] difluoroboron (51.0g), 3(R) - cyclopropylaminomethylpyrrolidine (24.79),
triethylamine_10 (24.6mL) and dimethylsulfoxide (500mL) were mixed with one another and the
mixture was &tfFedaf7dC for 1 hour. Subsequently, the reaction mixture was concentrated under
reduced pressuretand the retsultln)r_e&ye (vvas purlfled (i a SI|ICa gI olumn (eluant =
gl AU & DR RR obinad

, 0% ethanol (2590 ) agld
atl

'-il .. 2) -- VViavifa®laVavia

triethylamine

Subsequentl a6th for %hou&s and the resultlng crystal was
collected by fittration Vith-etHaRo W Flonye! ded in purified water
(BOOnﬂ) and\NaSth%n cess (A): [(3R)-9,10-Difluoro-3-fluoromethyl-2,3-

dihydro-7-oxo-7H-pyrido[1l,2,3-d,e][1l,4]lbenzoxazine—6-
carboxylato-0°,0’]difluoroboron (51.0g), 3(R)-
cyclopropylaminomethylpyrrolidine (24.7g), triethylamine

10 (24.6mL) and dimethylsulfoxide (500mL) were mixed with one
another and the mixture was stirred at 70°C for 1 hour.
Subsequently, the reaction mixture was concentrated under
reduced pressure and the resulting residue was purified on a
silica gel column (eluant = dichloromethane: methanol = 10:1).

15 The eluates were combined and the combined solution was
concentrated under reduced pressure. To the resulting residue,
80% ethanol (2500mL) and triethylamine (25.0mL) were added
and the mixture was heat-refluxed for 2 hours while being
stirred. Subsequently, the reaction mixture was left on an

20 ice bath for 2 hours and the resulting crystal was collected
by filtration. The collected crystal was washed with ethanol,
was suspended in purified water (300ml), and was then
collected by filtration. The collected crystal was dried
under reduced pressure and was purified on a silica gel

25 column (eluant = dichloromethane: methanol = 10:1). The
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collected by filtration. The collected crystal was dried under reduced pressure and was purified on a
silica gel 25 column (eluant = dichloromethane: methanol = 10:1). The 69 21 December 2005 eluates
were combined and the combined solution was concentrated under reduced pressure. The resulting
residue was dissolved in ethanol (2000mL) by heating and the solution waglalloweshtosstarrd foy 14
hours at room temperature. The 5 resultant crystal was collected by filtration and the collected crystal
was washed WthetREndIHrd WaE'a/BG UndBF relGcsPPresalife °give 2977 d'6F(3R)-10-[(3S)-3-
cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-3- fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[1,2,3 10
d,e][1,4]ben289§ﬁﬁ8-t6¥8§r%§x§fﬁbd§ﬁd RYyaOWpEHaEE eprodels BoFY Adidloronietitie solution
(273mL) of bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro- ,
7-0x0-7H-pyritoL 2 3-8 BN SA beRz AT 6-carb X TEtL- 6,657 boteh (25legjie sotution
(3R)-3-cyclopropylamjnomethylpyrrolidine 15 (8.41g) and triethylamine (7.599) were added and the
mixture was &owad 8 ‘%?a%dé/ t @Bﬁpfjen%é?aﬁ’e% 3 hgﬁrs?%%ste%ﬂ%ﬁ 7 " tHE Feactiof mixture

was seqL!_)entlaIIy Wlagggg with V\éaﬁr %ZOOng ﬁ[]d a s(%t;%ategi?fc]lygggs solution of sodium chloride

SIS} CIrys as ¢ ecte ion and the
(50m1), was dried over anhyc}/rous sodium sultate, an as then concenfara%d under reduced

r re. The resultin i w rifi n a sili I mn (dichlgromethane:
pressure %o‘i uetct%cgeségg/lgtaals %s evgaoshgcf v(v:(lat%e gt? uanogd gng Cx)/va%t gr?ed under

reduced pressure to give 27.7g of (3R)-10-[(3S)-3-
cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-3-
fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[1l, 2, 3-

10 d,e]l[l,4]benzoxazine-6-carboxylic acid as a yellow powder.

Process B: To a dichloromethane solution (273mL) of

bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3-dihydro-
7-oxo-7H-pyrido[l,2,3-d,e] [1l,4]benzoxazine-6-carboxylato-
0°,0"1boron (22.6g), (3R)-3-cyclopropylaminomethylpyrrolidine

15 (8.41g) and triethylamine (7.59g) were added and the mixture
was allowed to stand at room temperature for 13 hours.
Subsequently, the reaction mixture was sequentially washed
with water (200mL) and a saturated aqueous solution of sodium
chloride (50ml), was dried over anhydrous sodium sulfate, and

20 was then concentrated under reduced pressure. The resulting
residue was purified on a silica gel column (dichloromethane:
methanol = 15:1) to obtain a yellow amorphous product. To
this product, a 5% agqueous solution of acetic acid (100mL)
was added and the mixture was stirred at 80°C for 3 hours.

25 Subsequently, the reaction mixture was washed with ethyl
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methanol = 15:1) to obtain a yellow amorphous product. To this product, a 5% aqueous solution of
acetic acid (100mL) was added and the mixture was stirred at 80C for 3 hours. 25 Subsequently, the
reaction mixture was washed with ethyl 70 21 December 2005 acetate (100mL). While the mixture was
cooled on an ice bath, a Imol/L agueous solution of sodium hydroxide was addet:tocadjist teopH to
7.01 and the mixture was further stirred for 0.5 hours. The resultant crystal was collected by filtration,
5 was washed Wit prified \Water (2 XB6me), did Was thert didsoeinethanol(t266MLy By heating.
The solution was alloyed to stand at room temperature for 12 hours. Subsequently, the resulting
crystal was cBllected b fFAGEH FoiGwES by washirg Mt eth0I %ﬂd(ﬁyiﬁﬁsur‘?o%‘ﬁei% rfeduced
pressure, to give 11.2q of (3Rﬁ-10-[(38%)—3- cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-3-
fluoromethyl-393 %ty dr87-5x0-7R1-gyr d]o[f,%%-a%%)[l%]xB@ﬁ?o%azﬁwef-g-%%}?ﬁ&y% Held4s ASellow
crystal. MS (El)m/z: 419 (M+). 15 Elementary analysis (0 ) : Calcd for C21H23F2N304: C 60.14, H
553, N 10,08 thuHG-EB0 OREFI S AT R G0 ERUARBD SRR Grres By Tiitratson,

(3R)-10-[(3R)-3-cyclopropylaminometh (I]EJ,ZO
pyrrolidin%l]- -ﬁlljsor%?ghlej%};o“r]ﬁerlﬁyf@ﬂﬁg ilﬂlly%dro- -%%—7‘—?— x S0mL), and was then

pyndo[l’2’3_%[513%’él?f%rgofgzggfgggrlboﬁlg%8%9) by heating. The solution was

allowed to stand at room temperature for 12 hours.
Subsequently, the resulting crystal was collected by
filtration, followed by washing with ethanol and drying under
10 reduced pressure, to give 11.2g of (3R)-10-[(3S)-3-
cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-3-
fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[1l,2,3-d,e] [1, 4]
benzoxazine-6-carboxylic acid as a yellow crystal.
MS (EI)m/z: 419 (M').
15 Elementary analysis (%): Calcd for C,1Hy3F,N30,: C 60.14, H 5.53,

N 10.02; found: C 60.01, H 5.47, N 9.94.

Example 2

Synthesis of (3R)-10-[(3R)-3-cyclopropylaminomethyl-1-

20 pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo—-7H-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3-dihydro-
7-oxo-7H-pyrido[l,2,3-d,e][l,4]benzoxazine-6-carboxylato-
25 0°0’] boron (982mg) was reacted with (3S)-3-
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In a similar manner to Process (B) in Example 1,
bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro-
7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato 25 06,0-7 ] boron (982mg) was reacted with
(3S)-3 71 21 December 2005 cyclopropylaminomethylpyrrolidine (335mg) ta give=b&#mg0f 2005
(3R)-10-[(3R)-3-cyclopropylaminomethyl-l-pyrrolidinyl]-9- ,
fluoro-3-fluorS%%yﬂﬁ-ﬁ??-ﬁﬁﬁ}a?@-‘?%ggYﬁpéﬁiﬂﬁfﬁggl%I,e(]ﬁl%z?]ﬁ%hz&aﬁﬁé(-%-éaﬁrggﬁylf%facid as a
yellow crystal. 5 MS (FAB+) m/z : 420 g\élHﬂ . Elementary analysis (%) : Calcd for
C21H23F2N304 0 25120 °8)59°56 Y19 5058 W B IgT 100 [C 88 68, Y 5 47 N9.97 L Example 3 10
Synthesis ofg%BR)-lO-[3-c§clopro laminomethyl-|- , 5
pyrrolidinyl]--fUSHO3-Audrontethies 3¥dinydro-FoRg iR~/ ~oxo~ 7H-pyrido[l, 2, 3~
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid In a similar manner to Pracess (B) in Example 1,
bis(acetato-G[(3R}-0; {0-afBRE 34TubTore iy 2 3 dnydrsi Tt 2° = el et
7-oxo0-7H-pyrido[1,2.3- ,eJlA]b oxazine-6-carboxylato 06, 07 Jboron (513mg) was reacted with 3-
cycloprop?ylar%lsno Féﬁﬁﬁn] rFo]idﬁﬁ%@l@?né)to give 231mg of

(3R)-10-(3-cycloprop Iaminomethyl-l,—pyrroolidinyﬁl)-Q-quoro-S- fluoromethyl-2,
3-dihydro-7-0@(%?ﬂ§tfb>§/ﬁaé§[la,ﬂélﬁ{§ﬁf,4]( 50 ben2oxazinés-Cabryiid adid hsyaitsw erystal® Ms

(FABH) M/Z: 420 BBI*): 5 91; found: ¢ 59.68, H 5.47, N 9.97.

Example 3

10 Synthesis of (3R)-10-[3-cyclopropylaminomethyl-1-

pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-

pyridoll,2,3-d,e] [1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro-
15 7-oxo-7H-pyridol[l,2,3-d,e][1l,4]benzoxazine-6-carboxylato—
OaCﬂ]boron (513mg) was reacted with 3-
cyclopropylaminomethylpyrrolidine (185mg)to give 231mg of
(3R)-10-(3-cyclopropylaminomethyl-1-pyrrolidinyl)-9-fluoro-3-
fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[1l,2,3-d,e] [1, 4]
20 Dbenzoxazine-6-carboxylic acid as a yellow crystal.
MS (FAB')m/z: 420 (MH").
Elementary analysis (%): Calcd for Cy1Hz3F,N30,°0.25H,0: C 59.50,

H 5.59, N 9.91: found: C 59.41, H 5.41, N 9.89.
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Elementary analysis (%) : Calcd for C21H23F2N304.0.25H20: C 59.50, H 5.59, N 9.91: found: C
59.41, H5.41, N 9.89. 72 21 December 2005 Example 4 Synthesis of
(3S)-10-[(3S)-3-cyclopropylaminomethyl-I-
pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methoxymethyl-7-oxo-7H- 21 December 2005
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid 5 In a similar manner to Process (B) in Example 1,
bis(acetato-&[i%@?— &1t difluoro-2,3-dihydro-3-

methoxymethyl-7-0
was reacted wath-(3E , AarAiRG AV
(35)-10-[(3S)-3-cyclopropylaminomethyl-l-pyrrolidinyl]-9-
fluoro-2,3-dinyde-3-mEtHo%rmethy-7-OXo-7HLpYR Z
a yellow crystal. MS FA%+
61.24, H 6.0FEXE5- NP3 745 totind- & 601 H 6 .68 K075 Exa &y
(3S)-3-acetoxymethyl-10-[(3S)-3- cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro- 20
7-0x0-7 -pyrido[1,2,§-1a,e!][1s, %%1%gxa@?ﬁé%%yca%oﬁyﬁﬁé%?og Ir{%gsir%i rEPr%f"larWlaﬂl(ie?téi Process (B) in

e Al Q) S e e S M2 Ts nyaro-3-

dihydro-7-ox0 ?ﬁ-ﬁfrleato? |beéhzoxazine-
methoxymethyl-7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-

ne-6- carboxylato-O 6, 0-7 Jboron (790mg)
' e 602mgof 10

carboxylato—oa(f]boron (790mg) was reacted with (3R)-3-
cyclopropylaminomethylpyrrolidine (303mg) to give 602mg of

10 (35)-10-[(3S)—-3-cyclopropylaminomethyl-1-pyrrolidinyl]-9-
fluoro—-2, 3-dihydro-3-methoxymethyl-7-oxo-7H-pyrido[1l, 2, 3—
d,e][1l,4]benzoxazine-6-carboxylic acid as a yellow crystal.
MS (FAB') m/z: 432 (MH').
Elementary analysis (%): Calcd for CyHyeFN30s: C 61.24, H 6.07,

15 N 9.74; found: C 61.01, H 6.04, N 9.73.

Example 5

Synthesis of (3S)-3-acetoxymethyl-10-[(3S)-3-

cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-2, 3—-dihydro-

20 T-oxo-T7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S) -3-acetoxymethyl-9,10-difluoro-2, 3-
dihydro-7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-
carboxylato—oa(f]boron(934mg) was reacted with (3R)-3-
25 cyclopropylaminomethylpyrrolidine (337mg)to give 612mg of
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carboxylato-O 6,0-7 Jboron(934mg) was reacted with (3R)-3 25
cyclopropylaminomethylpyrrolidine(337mg)to give 612mg of 73 21 December 2005
(3S)-3-acetoxymethyl-10-[(3S)-3-cyclopropylaminomethyl-I-
pyrrolidinyl]-9-fluoro-2,3-dihydro-7-oxo-7H-pyrido[1,2,3- d,e][1,4]benzoxazirEt 6 fpatkoxydic azitbas a
yellow crystal. MS (FAB+) m/z: 460 (MH+) . 5 Elementary analysis (%) : Calcd for

C23H26FN306R20° C5788* "8 91 N 880! founld: € 57 @U° RIS 83, N8 86 EXaRiple’s Synthesis of
(3S)-10-[(3S)-3-cyclopropylaminomethyl-I 10 , ,
pyrrolidinyl]-SRHGdrd2, 3 difydro3-hydrokgmetiTTLoRs 7 Q- 7 ~oxo- /H-pyrido(l, 2, 3~
pyrido[1,2,3-d,e][1,4]benzoxazine-6-¢carboxylic acid A Imol/L aqueous solution of sodium hydroxide
(8(NnL)codéﬂﬁhé 3%}%ﬁ&ﬁﬁéﬁﬁﬁ8ﬁ&ﬁiﬁ%ﬁsgﬁyllC acid as a yellow crystal.
cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro 15

7-oxo-7H-pyﬁ§o[1(,,%d),e ,ﬁfbe%@é/xa{%ﬁe)-&carboxylic acid (368mg) was stirred at 50C for 2 hours.
While this mixture was cooled on an ice bath, Imol/L hydrochloric acid was added to adjust the pH to

7.05 and the TigiFe WasfuRRerstitet £67 0.5ours. TRE résuliant CrstdiWas tolfebtéa by 20
filtration, was5wz§s1_he§}wgh é)bjfifi%% 1\ﬁvrgzlctie.r, gngyvags4the£ isgglveg i%egbanol (50mL) by heating. The
u

solution was “allowed to stand at room température’for 2 hours. sequently, the resulting crystal
was collected by

Example 6

Synthesis of (3S5)-10-[(3S)-3-cyclopropylaminomethyl-1-

10 pyrrolidinyl]-9-fluoro-2,3-dihydro-3-hydroxymethyl-7-oxo-"7H-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

A Imol/L aqueous solution of sodium hydroxide (8.0mL)
containing (3S)-3-acetoxymethyll0-[(3S)-3-
cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-2, 3-dihydro-

15 7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid
(368mg) was stirred at 50°C for 2 hours. While this mixture
was cooled on an ice bath, 1Imol/L hydrochloric acid was added
to adjust the pH to 7.05 and the mixture was further stirred
for 0.5 hours. The resultant crystal was collected by

20 filtration, was washed with purified water, and was then
dissolved in ethanol (50mL) by heating. The solution was
allowed to stand at room temperature for 2 hours.
Subsequently, the resulting crystal was collected by
filtration, was washed ethanol, and was then dried under

25 reduced pressure to give 25Img of (3S)-10-[(3S)-3-
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filtration, was washed ethanol, and was then dried under 25 reduced pressure to give 251mg of
(3S)-10-[(3S)-3 74 21 December 2005 cyclopropylaminomethyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro-
3-hydroxymethyl-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6- carboxylic acid as a yellow crystal. MS
(FAB+) m/z: 418 (MH+) . 5 Elementary analysis (%) : Calcd for C21H24FN3Q510<bd20€ 3005, H
5.91, N 9.85; found: C 59.16, H 5.92, N 9.88. Example 7 Synthesis of ,
10-[(35)-3-cyCROpIopyTARnbTEth L0 ByrralidiWATES-HtBrd 2, BLdiky drd28 methy g 7L 885 T H-
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid ,
(3R)&I%K3Sﬁ§£%ﬁﬁﬂﬁ88ﬁ5ﬁm%ﬁﬁéﬁ@ﬁﬁ %f&%ﬁﬁﬂf[l,2,3—d,e][1,4]benzoxa21ne—6—
9-f|uoro-3-f|uoromethyI-Z,3-dihydro-7-oxo-7H-?yrido[1,2,3- d,e][1,4]benzoxazine-6-carboxylic acid
(252mg) was EUspefided 15 éthafof(IniE) 7Y 1iig $t5pension, a Imol/L aqueous solution of
sodium hydroxide gGmlgtwa added and the mixture was stirred at room temperature for 2 hours.
Subsequentl%sthé feactiol rRikture E%/\/a%M@or)ufentrated under reduced pressure and the resulting
residue was dissolved in purified water 20 (10ml). While this solution was cooled on an ice bath, Imol/L

hydrochiaric &dig WA dddef iy ddjistthd PH 1673 arddPthe” ikt Was¥untHe? stifted for'0.5 hours.
The resulant,ciysia wap coliegtecby iyaton g optain 214mg0f -,

Example 7

Synthesis of 10-[ (3S)-3-cyclopropylaminomethyl-1-

10 pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methylene-7-oxo-"7H-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

(3R)-10-[(3S)-3-Cyclopropylaminomethyl-1-pyrrolidinyl]-
9-fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[l, 2, 3-
d,el[l,4]benzoxazine-6-carboxylic acid (252mg) was suspended

15 in ethanol (ImL). To this suspension, a 1lmol/L agueous
solution of sodium hydroxide (6mL) was added and the mixture
was stirred at room temperature for 2 hours. Subsequently,
the reaction mixture was concentrated under reduced pressure
and the resulting residue was dissolved in purified water

20 (10ml). While this solution was cooled on an ice bath, 1mol/L
hydrochloric acid was added to adjust the pH to 7.03 and the
mixture was further stirred for 0.5 hours. The resultant
crystal was collected by filtration to obtain 214mg of 10—

[ (3S) —cyclopropylmethylamino-1l-pyrrolidinyl]-9-fluoro-2, 3-

25 dihydro-3-methylene-7-oxo-7H-pyrido[1l,2,3-d,e] [1,4]
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[(3S)-cyclopropylmethylamino-I-pyrrolidinyl]-9-fluoro-2,3 25
dihydro-3-methylene-7-oxo-7H-pyrido[1,2,3-d,e][1,4] 75 21 December 2005 benzoxazine-6-carboxylic
acid as a yellow powder. MS (FAB+) m/z : 400 (MH+) . Elementary analysis (%) : Calcd for
C22H23FN304.1.75H20: C 58.53, H 5.96, N 9.75; found: C 58.62, H 5.792N :Mé6embxaniple 8
Synthesis of (3R)-10-[(3S)-cyclopropylaminomethyl-|-

pyrrolidinyl]-32fGORTEMASZ, S-difydr8 2 oS 711F3p§7r|88[1a2 B, &ff T, Af58HZokazine-6-carboxylic acid
10 In a similar manner to Processé ) in Example 1,

bis(acetato- C%F(SI&VL% f10r:3-Ht) ro%ﬂyt 2,3-dihydro-7-
oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato- O6,0-7 Jboron (500m as reacted with
(3R)-3-cycloptoByIaRTiAG SmethginyFrofidine) (248mbY fo GRE 33571 (3R)L10- -23y
cyclopropylaminomethyl-1- yrr I|d|n 3-fluorom thy -2,3-

dihydro-7- oxo- 7?—|r%)§rfdéfl, i e]fLZL 2%Jlﬁghzgxa% cgrb%XyI?d agd a’s a yeIIow needle-shaped
product. MS (FAB+) m/z: 402 (MH+) . Elementary analy5|s (%) : Calcd for C21H24FN304: C 62.83, H
6.03, 20N 10.47; found: C 62.56, H 5.94, N 10.40. Example 9 Synthesis of
(38)-10-[(38)E§y§$%gp)élaminomethyl-l-

Synthesis of (3R)-10-[(3S)-cyclopropylaminomethyl-1-

pyrrolidinyl]-3-fluoromethyl-2, 3-dihydro-7-oxo—-7H-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

10 In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3R)-10-fluoro-3-fluoromethyl-2, 3-dihydro-7-
oxo-7TH-pyrido[1l,2,3-d,e][l,4]benzoxazine-6-carboxylato—
O%(ﬂ]boron (500mg) was reacted with (3R)-3-cyclopropylamino
methylpyrrolidine (240mg) to give 33bmg of (3R)-10-[(3S)-3-

15 cyclopropylaminomethyl-1-pyrrolidinyl]—-3-fluoromethyl-2,3-
dihydro-7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-
carboxylic acid as a yellow needle-shaped product.

MS (FAB') m/z: 402 (MH').
Elementary analysis (%): Calcd for Cy1Hy4FN304: C 62.83, H 6.03,

20 N 10.47; found: C 62.56, H 5.94, N 10.40.

Example 9

Synthesis of (3S)-10-[(3S)-cyclopropylaminomethyl-1-

pyrrolidinyl]-2, 3-dihydro-3-methyl-7-oxo-7H-pyrido[1l,2, 3-

25 d,el[l,4]benzoxazine-6-carboxylic acid
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pyrrolidinyl]-2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3- 25 d,e][1,4]benzoxazine-6-carboxylic acid 76
21 December 2005 In a similar manner to Process (B) in Example 1,
bis(acetato-O)[(3S)-10-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato-O6,07]boron (1000mg) was reastechinith (3R)-3 5
cyclopropylaminomethylpyrrolidine (431mg) to give 335mg of .
(3S)-10-[(3S)-3-cyclopropylamifbhigthflaiifolibmyfjzgess (B) in Example 1,
dihydro-3-methyl-7-oxo-7H-pyrido%,z 3-d.e][1,4]benzoxazine- 6-carboxylic acid as_a yellow
needle-shapetf Brodfiict MS (Bi4) imiz! 385 (#h 2 10 Elementdry Hnalysid @)Y Calta P~ /5
C21H25N304: C 65.78, H 6.57, N 10.96; found: C; 65,58, H 6.61, N 10.91. Example 10 Sg/nthesis of
(3sylo{nang%aigﬁﬁﬁo6wgﬁﬁmﬁﬁé&wﬂhg_nzoxaz1ne—6—carboxylato—o ,0 1bordn
methyl-1-pyrroli igg%}g-fluoro-z,3-dihydro-3,-meth |-7-0x0-

7H-pyrido[1,2?&8(11{,)1 ,21]b"é%%o%gflﬁé-%qcﬁ?%?ylié&ia n a similar manner to Process (B) in Example
1, bis(acetato-O)[(3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-0x0- :

THepyrid SRR A S RE S A Gt b T a0 (560 Y fad 1Bel it
trans-3-cyclopropylamin hyl-4- methylpyrrolidine (136mg) tq give 166mgq of (35)-10-(frans-3-
Cyclopronylar AN R e Riar B gy | i e ered St
dinydro-3-megyl 7500 TH YN0 2.3, I AIBENZOKAPINGS 3,61 (1, a1benzoxazine-

6-carboxylic acid as a yellow needle-shaped product.
MS (EI') m/z: 383 (M").
10 Elementary analysis (%): Calcd for C,;HysN30,: C 65.78, H 6.57,

N 10.96; found: C; 65.58, H 6.61, N 10.91.

Example 10

Synthesis of (3S)-10-(trans—-3-cyclopropylaminomethyl-4-

15 methyl-l-pyrrolidinyl)-9-fluoro-2,3-dihydro-3-methyl-7-oxo-

7TH-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo—
7H—pyrido[l,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron
20 (300mg) was reacted with trans-3-cyclopropylaminomethyl-4-
methylpyrrolidine (136mg) to give 166mg of (3S)-10-(trans—-3-
cyclopropylaminomethyl—-4-methyl-1-pyrrolidinyl)-9-fluoro-2, 3-
dihydro—-3-methyl-7-oxo-7H-pyrido[1l,2,3-d,e] [1l,4]benzoxazine-
6-carboxylic acid as yellow crystal.
25 MS (EI') m/z: 415 (M").

77



6-carboxylic acid as yellow crystal. 25 MS (El+) m/z: 415 (M+) . 77 21 December 2005 Elementary
analysis ( 0) : Calcd for C22H26FN304.0.5H20: C 62.25, H 6.41, N 9.90; found: C 62.30, H 6.17, N
10.06. Example 11 5 Synthesis of (3S)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-
methyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo- 21 December 2005
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid In a similar manner to Process (B |n Example
1, bis(acetatBG)[ET)F 10 HFfbr6-253-inydr G- BUREHYR7-GxeH1G N:04" 0. 5H0: C 6
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato-06" 0- 7 boron (500m %Was reacted Wlth
(3R,4R)-3- cy@loéro‘lpgw ino: A?PnetﬁﬁBWon&iné%zﬁélmgﬂo g&zé 369mg’ f(? (3S)-10-[(3S,4R)-
3-cyclopropylaminomethyl-4-methyl-I-pyrrolidinyl]-9-fluoro-

2,3-dihydro -3-methyl-7-oxo-7H-pyrido[1,2,3-d,e][1,4] 15 benzoxazine-6-carboxylic acid as a yellow
crystal. r(%f‘ ) m(z:4 5 (M+) Elementary analysis (%): Calcd for C22H26FN304: C 63.60, H 6.31,
N 10.11; fount* €"B3%1, I1-| 6.30, N 10.17. 20 Example 12 Synthesis of

(35)-10-[(3R49)-3:C clopropylaminomethyl-
methyllgpyr 3h O? ?é T %/(ﬁs AR)

7H-pyridol1 2,3:d et 4lbenzoxazine:6:carboic acid n a sinylar manner to Prosess (8) n Example

3-cyclopropylaminomethyl—-4-

TH-pyrido[l,2,3-d,e] [1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
10 7H—pyrido[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron
(500mg) was reacted with (3R,4R)-3-cyclopropylamino-4-
methylpyrrolidine (226mg) to give 362mg of (3S)-10-[(3S,4R) -
3-cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl]-9-fluoro-
2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1l,2,3-d,e] [1, 4]
15 benzoxazine-6-carboxylic acid as a yellow crystal.
MS (EI') m/z:415 (M)
Elementary analysis (%) : Calcd for C,HsFN3O,: C 63.60, H 6.31,

N 10.11; found: C 63.41, H 6.30, N 10.17.

20 Example 12

Synthesis of (3S)-10-[(3R,4S)-3-cyclopropylaminomethyl-4-

methyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo-

7TH-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
25 Dbis(acetato-0)[(3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
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25 bis(acetato-0)[(3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo 78 21 December 2005
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato-O6" 0-7] boron (500mg) was reacted with
(3S,4S)-3-cyclopropylamino-4- methylpyrrolidine (226mg) to give 276mg of (3S)-10-[(3R,4S)-
cyclopropylaminomethyl-4-methyl-I-pyrrolidinyl]-9-fluoro-2,3 5 21 December 2005
dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine- 6-carboxylic acid as a pale yellow
crystal. MS (EF) 214 %) Efbridrthn/ dR5&8196) - €18d for C22679364.6)5 H2EPE
62.25, H 6.41, N 9.90; found: C 62.23, H 6.06, N 9.92. 10 Example 13 Synthesis of
(35)-10-(cis-3' QY ABropyninGRetT-4%hethyl= S+ 481 =3 -cyclopropylamino=4-
1-pyrrolidinyl)-9-fluoro-2,3-dihydro-3-methyl-7-0x0-7H-, pyrido,;l,z,3-dfe][134gbgnzgxazine-G-ca_rboxyIic
add15Inasm%ﬁgﬁ%ﬁﬁﬁgp&fﬁ&ﬂﬁsé%é%h@ﬁx&ﬂp%%ﬁe 2Temg oF T(35) ~10=T(3R, 25)
bis(acetato-0)[(3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo- L

pyridolt 28 oL e ATDBhI AR S A bR b. O TIBGrGT (536 Me} hiad TEERE R >
cis-3-cyclopropylaminomethyl-4 methylpyrrolidine (1Q0 to give 109mg of (35)-10-(cis-3 20
cycloproF%J?/Iar%ilr)gl&r?ertﬂyrgifnrr%ettﬁﬁlfgy_rr%i%i_ny%@- |ﬁéﬁ{)gg,)13'. 2 }{_&’ ST ]Sb%nzo azines
ﬂgy?é?j mmltzaéhz‘yilg?]i x% 3?Il-li|cgyr(|adé)£%l,2(13135d(,ae]klélé_lL]Qegzeciﬁaozvlqnecr6y(M:Q%rélo]c_){(yl|c acid as a yellow crystal.

MS (EI') m/z: 415 (M').
Elementary analysis (%): Calcd for C,yH;sFN304,°0.5 H,O: C 62.25,
H 6.41, N 9.90; found: C 62.23, H 6.06, N 9.92.
10
Example 13

Synthesis of (3S)-10-(cis-3-cyclopropylaminomethyl-4-methyl-

l-pyrrolidinyl)-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-

pyridoll,2,3-d,e] [1l,4]benzoxazine-6-carboxylic acid

15 In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
7H—pyrido[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron
(220mg) was reacted with cis-3-cyclopropylaminomethyl-4-
methylpyrrolidine (100mg) to give 109mg of (3S)-10-(cis-3-

20 cyclopropylaminomethyl-4-methyl-1-pyrrolidinyl)-9-fluoro-2, 3-
dihydro—-3-methyl-7-oxo-7H-pyrido[1l,2,3-d,e] [1l,4]benzoxazine-
6—-carboxylic acid as a yellow crystal.

MS (EI') m/z: 415 (M').
Elementary analysis (%): Calcd for C,yHy4FN304°H,0: C 60.96, H

25 6.51, N 9.69; found: C 61.27, H 6.69, N 9.52.
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Elementary analysis (%) : Calcd for C22H26FN304H20: C 60.96, H 25 6.51, N 9.69; found: C 61.27,
H 6.69, N 9.52. 79 21 December 2005 Example 14 Synthesis of
(3S)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-
methyl-1-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo- 5 21 December 2005
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid In a similar manner to Process (B) in Example
1, bis(acetato-O)[(3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylato-O6,07]boron (1000mg) was reacted with
(3R,4S)-cycl§5‘r88§'] Find-4 10 methylpyrrolidine (452mg) to give 474mg of (3S)-10-[(3S,4S)-
3-cyclopropyla I

2,3-dihydro- A-7-O%0-7 vi : AlE-acid-asay

crystal. MS (El+) m/z: 415 (M+) . 15, \ i : for C22H26FN304.0.25H20: C
62.92, H 6.36°N 601 1BUAGCC 6289 H 652 NG 08 Exanipld s’y QYL [—0x0~
(3S)-10-[(3R,4R)-3-cyclopropylami
methyl-l-gpyréf cli i 3¢
7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid In a similar manner to Process (B) in Example
L Daceta0-O)(35)0,10 TGS A the- GBI G o D) | A Exep e T,

7H-pyrido(1.2,3-d e[ #1benzgyqzing 0-carbexyato; 98, Q70N ; v dro- 3-met hy1-7-oxo-

7H—pyrido[l,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron

(1000mg) was reacted with (3R,4S)-cyclopropylamino—-4-

10 methylpyrrolidine (452mg) to give 474mg of (3S)-10-[(3S,48S)-
3-cyclopropylaminomethyl—-4-methyl-1-pyrrolidinyl]-9-fluoro-
2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1l,2,3-d,e] [1, 4]
benzoxazine-6-carboxylic acid as a yellow crystal.

MS (EI') m/z: 415 (M').
15 Elementary analysis (%): Calcd for C,3Hz¢FN304°0.25H,0: C 62.92,

H 6.36, N 10.01; found: C 62.69, H 6.52, N 9.98.

Example 15

Synthesis of (3S5)-10-[(3R,4R)-3-cyclopropylaminomethyl—-4-

20 methyl-l-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo0o—

TH-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
7H—pyrido[l,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron

25 (250mg) was reacted with (3S,4R)-3-cyclopropylamino-4-
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25 (250mg) was reacted with (3S,4R)-3-cyclopropylamino-4 80 21 December 2005 methylpyrrolidine
(113mg) to give 33mg of (3S)-10-[(3R,4R)-
cyclopropylaminomethyl-4-methyl-I-pyrrolidinyl]-9-fluoro-2,3-
dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine- 6-carboxylic atidbas-ampate-yel b
crystal. 5 MS (El+) m/z: 415 (M+) . Elementary analysis (%) : Calcd for C22H26FN304.0.5H20: C
62.25, H 6.41°K"Y/98Y bR € 61598 'H %{‘63}/, N 8. AL Exampi€ 18 10(Synthédis bf R, 4R) ~
(3R)-10-(trans-3-cyclopropylaminomethyl-4- o
methyl-1-pyr/ohGimy RRIoroTs-RaBomsthyi2 Bsdifydrot 7Py rrotidiny L1 -9-fluoro=2, 3=
oxo-7H-pyrido[,1,2,3-d,e%,4 benzoxazine-6-carboxylic acid In a_similar manner to Process (B) in
Example 1, bis(4tetdto- ‘ﬂéﬁ}i@%I&-ﬁ‘ﬁﬁ%‘r&%?ﬁdo‘%b%%my|?z,§-aﬂ1fd1rc£-11§ Jbenzoxazine=
7-oxo-7H-pyr%_o§1,2,3-d,e 1,4]benzoxazine-6-carboxylato 0 6,0 -7€ggron (300mg) was reacted with
trans-3- cyclopropyiamm 8th%i$n8f?1yﬁ3yﬁ%ﬁ8in%%ﬁ8%g?fé/ givé~110mg of
(3R)-10-(trans-3-cyclopropylami ethyl-4-methyl-I-
pyrrolidin%l)-&ﬁuér%og3ﬁlur§%:)zrﬁef€|@€2,éa-dglhydro-%oxo-?H 20
pyrido[1,2,3-d,e][1,4]benzoxazine-6-¢carboxylic acid. MS (El+) m/z: 433 (M+) . Elementar%/ ainSaIysis
-8t~

) oot 15, AT b SO & b ] & o R To R B, DS BN 668

H 6.41, N 9.90; found: C 61.98, H 6.57, N 9.91.

Example 16

10 Synthesis of (3R)-10-(trans-3-cyclopropylaminomethyl—-4—

methyl-1-pyrrolidinyl)-9-fluoro-3-fluoromethyl-2,3-dihydro-7-

oxo-T7TH-pyrido[1l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro-
15 7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylato—
OaCﬂ]boron (300mg) was reacted with trans-3-
cyclopropylaminomethyl-4-methylpyrrolidine (130mg) to give
110mg of (3R)-10-(trans-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl)-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
20 pyrido[l,2,3-d,e][l,4]benzoxazine-6-carboxylic acid.
MS (EI') m/z: 433 (M').
Elementary analysis (%): Calcd for C,yHysF,N30,: C 60.96, H 5.81,

N 9.69; found: C 60.81, H 5.85, N 9.66.

81



21 December 2005 Example 17 Synthesis of (3R)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-
methyl-1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-
oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid 5 In a similar manner to Process (B) in
Example 1, bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro- 21 December 2005
7-oxo0-7H-pyrido[1,2,3- d e][1,4]benzoxazine-6-carboxylato- O6,07]boron (1000mg) was reacted with
(3R,4R)- cyclo ﬁ?d?ﬁ/qeﬁn -4-methylpyrrolidine (397mg) to give 620mg of 10

(3R)-10-[(3S,4R)-3- cycloproylammometh -4- methyl -I-
pyrrolidinyl]-g2 S -%----h) O _ 5-37E rcyclopropylaminomethyl-4-
pyrido[1,2,3- d e [1 4 benzoxazme 6 carboxyllc aC|d as a eIIow crystal MS (EI+ m/z: 433 (M+) 15
Elementary aRaly? y 28 Y .

N 9.63. Example 1§
methyl-1-pyr y i =232
0Xx0-7H-pyrido[1,2,3-d e][l 4 henzoxazine-6- carboxyllc acid In a} similar manner to Process (B) in
Example%_/l bls(acetai[ 0‘3‘[( I%“@ difidoro-3- quororﬁgﬁﬁ/Fi 3- gkny(l]ro-

7-oxo-7H-pyidoft, 2.3 d.ellLAlbenzanazine f-carhpulate- 25 0,6,9:7 1R010n (590mel s reacted

with (3R,4R)- cyc propy amino

- ;c cloropgjamlné)meth%l 4 2

benzpxazine carboxylic acid

7-oxo-7H-pyrido[l,2,3-d,e] [1l,4]benzoxazine-6-carboxylato-
0°,0"1boron (1000mg) was reacted with (3R, 4R)-
cyclopropylamino-4-methylpyrrolidine (397mg) to give 620mg of
10 (3R)-10-[(3S,4R) -3-cyclopropylaminomethyl—-4-methyl-1-
pyrrolidinyl]-9-fluoro—-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyridoll,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid as a
yellow crystal.
MS (EI') m/z: 433 (M').
15 Elementary analysis (%): Calcd for C,yHysF,N30,: C 60.96, H 5.81,

N 9.69; found: C 60.81, H 5.86, N 9.63.

Example 18

Synthesis of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-

20 methyl-l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-

oxo—"7H-pyrido[1l,2,3-d,e] [1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3-dihydro-
7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylato-
25 O%(ﬂ]boron (500mg) was reacted with (3R, 4R)-cyclopropylamino-
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21 December 2005 4-methylpyrrolidine (199mg) to give 422mg of (3R)-10-
[(3S,4S)-3-cyclopropylaminomethyl-4-methyl-l-pyrrolidinyl]-9-
fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[1,2,3- d,e][1,4]benzoxazine-6-carboxylic acid as a
yellow crystal. 5 MS (El+) m/z: 433 (M+) . Elementary analysis (%) : Calcd for C22H2852N 30210 ©
60.96, H 5.81, N 9.69; found: C 60.79, H 5.91, N 9.77. Example 19 10 Synthesis of
(35)-10-(trand-3Ey IS propyarinorhBthy 4 ?ﬁ?%r&ﬁ%e&ﬂyﬁ-ﬁ%%ﬂ%’iiriiﬂ%)/-d-ﬁﬁér‘ol-ﬁB-dihydro-s-
methyl-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6- carboxylic acid In_a similar manner to Process
(B)H1Examp&ﬁf,ﬂ§B%Gﬁiﬁ%ﬁkﬁﬁﬁﬁﬁﬂii@iﬂﬁmﬁBgﬁéiﬁﬁﬂﬁBE¥ﬁﬁﬁﬁﬁx¥&?-ldlnyl]_9_
7H-pyrido[1,2 3-d,e]%]A]benzoxazine-6-carboxy|ato-06,0? boron (300mg) was reacted with
trans-3-cyc|o§901b%a ninometiyI A Hifidorofrethyipi¥Siiding (£58md) togive 87y 6 (35)-10-
(trans-3-cyclopropylamjnomethyl-4-trifluoromethyl-l 20. . ,

pyrrolidinyl)-§§lﬁ r0-2, 3 IRV 533 Ardthiyis ‘-8%}1%%%%80?1?2%-&8][i‘,4¥§elﬁz%%%a%ﬁﬁé?§-%érboxylic
acid. MS_(FAB+) m/z: 470 (MH+) ., Elementary analysis (%) : Calcd for C22H23F4N304: C 56.29, H
4.94,N 8?95;D?Sun(§:Ic)5§.“é%‘ )32?4 1900, 25 63

Elementary analysis (%) : Calcd for CyHysF,N30,: C 60.96, H 5.81,

N 9.69; found: C 60.79, H 5.91, N 9.77.

Example 19

10 Synthesis of (3S)-10-(trans—-3-cyclopropylaminomethyl-4-

trifluoromethyl-1-pyrrolidinyl)-9-fluoro-2,3-dihydro-3-

methyl-7-oxo-7H-pyrido[l,2,3-d,e][1l,4]benzoxazine—6-

carboxylic acid

In a similar manner to Process (B) in Example 1,

15 bis(acetato-0)[(3S5)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo—
7H—pyrido[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron
(300mg) was reacted with trans-3-cyclopropylaminomethyl-4-
trifluoromethylpyrrolidine (198mg) to give 87mg of (3S)-10-
(trans—-3-cyclopropylaminomethyl-4-trifluoromethyl-1-

20 pyrrolidinyl)-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-
pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid.
MS (FAB') m/z: 470 (MH').
Elementary analysis (%): Calcd for C,yHy3F4N30O,: C 56.29, H 4.94,
N 8.95; found: C 55.97, H 4.84, N 9.00.

25
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21 December 2005 Example 20 Synthesis of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-
fluoro-1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-
0xo-7H-pyrido[1,2,3-d.e][1,4]benzoxazine-6-carboxylic acid 5 In a similar manner to Process (B) in
Example 1, bis(acetato-O)[(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro- 21 December 2005
7-oxo-7H-pyrido[1,2,3-d e%[1,4]benzoxazine-6-carboxylato- 06,0-7 ]boron (500mg) was reacted with
(3R,4S)-3- cmmglﬁa% nomethyl-4-fluoropyrrolidine (204mg) to give 10 387mg of

(3R) -10- [(38 4S) -3- cyclopropylamlnometh I 4- quL?rC)J-

(MH+) 15 EleraRAr A SRtath 9.
57.47,H5.07, N 9,57. Examle 1 Sy thesi -3 -C cIor Iamlno 4 fluoro I 20
pyrrolidinyl]- P Sorb B Fethyl-7- eff :

acid In a$lmllar manner to Procez%gB) in Example

bis(acetato-O)[(3S)- QIfb Qifitioro-

PR3 -methyE 7G5S (B) in Example 1,

IH-pyridoll 2.3l Albenzgrazing o carbpaier 08,07lor 22 (64.6mg) vas reaeisd wih

(3R,4S)-3-cyclo aminom

7-oxo-7H-pyrido[l,2,3-d,e] [1l,4]benzoxazine-6-carboxylato-
0°,0’1boron (500mg) was reacted with (3R, 4S)-3-
cyclopropylaminomethyl—-4-fluoropyrrolidine (204mg) to give

10 387mg of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-
l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H—
pyrido[l,2,3-d.e][1l,4]benzoxazine-6-carboxylic acid as a pale
yellow crystal.
MS (FAB') :m/z=438 (MH').

15 Elementary analysis (%): Calcd for C,1HyF3N3O,: C 57.66, H 5.07,

N 9.61; found: C 57.47, H 5.07, N 9.57.

Example 21

Synthesis of (3S5)-10-[(3S,4S)-3-cyclopropylamino—-4-fluoro—-1-

20 pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-

pyridoll,2,3-d.e][1l,4]benzoxazine-6-—carboxylic acid

In a similar manner to Process (B) in Example 1,
bis (acetato-0) [ (3S)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
7H—pyrido[l,2,3—d,e][1,4]benzoxazine—6—carboxylato—oa(ﬂ]boron
25 (64.6mg) was reacted with (3R,4S)-3-cyclopropylaminomethyl-4-
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21 December 2005 fluoropyrrolidine (25.0mg) to give 18.5mg of (3R)-10-
[(3S,4S)-3-cyclopropylamino-4-fluoro-I-pyrrolidinyl]-9-
fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido[1,2,3- d.e][1,4]benzoxazine-6-carboxylic acid as a yellow
powder. 5 MS (FAB+) m/z=420 (MH+) . HRMS (FAB+) : Calcd for C21H24F2N3684:42@.1 735 0found:
420.1747. Example 22 Synthesis of (3R)-10-[(38,4S)-3-,[(N-tert-butoxycarboanI-N- 10
cyclopropyl)ahliHSRERYEL-FlOrdHiethg Rl idlidite)-ve 18-°mg of (3R)~10-
fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[1,2,3- d.e][1, 4]benzoxazine-6-carboxylic acid
Bis(acetato-O){(3R)-5°10-iifftibrd-3PtemitHyi, 4 F1uoro- 1 pyrrolidiny 1]=5=
dihydro-7-oxo-7H-pyrido[1,2,3-d,e][1,4]benzoxazine-6- 15 carboxylato-O6, 0-7 Jboron (912mg), (3R,
4S) -3- [ (N-tért Batoxyarbony XSGy eloprBsyt)aiind] Risthyl -BribrsiRéthy foyrrolidine (640mg),
triethylamine (0.33mL) and acetonitrile (1 _rgjég were mixed with one another ind the mixture was

stirred at 60CfoF Donin. STBSSHtRAY Sth FERE8A hiixfiire Wadoohcbhtratdl midErTéduced

pressureléand he resulting r sidLbe Waslgu)rified on a silica gel column (eluant = ethyl acetate:
261 fatne ol

methano ) ('lFOAﬁ‘I uatze=,4a %%(%quebus solution of acetic acid (17mL) and ethanol (IOmL)

were added %%%‘e (igtute was stired at 80C [or2 houirs. 23 J hepiturg was,allowed fo,ggol and

the resulting crystal was™ 85

Example 22

Synthesis of (3R)-10-[(3S,4S)-3-[ (N-tert-butoxycarbonyl-N-

10 cyclopropyl)amino]lmethyl-4-fluoromethyl-1-pyrrolidine]—-9-

fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[l,2, 3-

d.e][1l,4]benzoxazine-6-carboxylic acid

Bis (acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3—
dihydro-7-oxo-7H-pyrido[1l,2,3-d,e][1l,4]benzoxazine—6-

15 carboxylato—Oﬂ(ﬂ]boron (912mg), (3R,4S)-3-[(N-tert-
butoxycarbonyl-N-cyclopropyl)amino]lmethyl-4-
fluoromethylpyrrolidine (640mg), triethylamine (0.33mL) and
acetonitrile (17mL) were mixed with one another and the
mixture was stirred at 60°C for 90min. Subsequently, the

20 reaction mixture was concentrated under reduced pressure and
the resulting residue was purified on a silica gel column
(eluant = ethyl acetate: methanol = 20:1). To the eluate, a

% aqueous solution of acetic acid (17mL) and ethanol (10mL)
were added and the mixture was stirred at 80°C for 2 hours.

25 The mixture was allowed to cool and the resulting crystal was
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21 December 2005 collected by filtration, was washed with a mixture of water and ethanol, and was
then dried under reduced pressure to give 915mg of (3R)-10-[(3S,4S)-3-[(N-tert-butoxycarbonyl-N-
cyclopropyl)amino]methyl-4-fluoromethyl-l-pyrrolidine]-9 5
fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido [1,2,3- d.e][1,4]benzoxazire-b«cashoxytic Atitbas a
yellow powder. MS (El) m/z = 551 (M+). Elementary analysis (O/,o%l: Calcd for C2-7H32F3N306.0 .
5H20: C 57.85 T35 85 NP 53 100RGC B7 9073 5°80° K 7.46- 10 Exdipie D s{HihB&isof
(3R)-10-[(3S,4S)-3-cyclopropyllamino]methyl-4-
fluoromethyl-5yrfotidiy R o-fGod- 3 ffofofiding2 3d under reduced pressure to
dihydro-7-oxo-7H-pyrido[1,2,3-d.e][1,4]benzoxazine-6- 15 carboxgllic acid hydrochloride
(3R)-10-[(3$,2§‘f—%-[%&|- ﬁ-l?uqo rB(]JrQﬂ-[I\f-%’ 45)-3-[ (N-tert-butoxycarbonyl-N—
cyclopropyl)aming]methyl-4-fluoromethyl-I- r[oli_dineQ-Q- L L o
fluoro-3-fluorGret R Yiny -7 %gjflbl%yr@off X 8 A behzBY&7iRe-6cdtBoxylic acid
(860mg) was dissolved,2Q jn ethano| (9mL) saturated with hydrogen chloride. The mixture was stirred
at room tévmpf‘eciéjtﬁ?éj fSBr 1(%%61&%}5“ \Fvagrqsu%;eqﬁ%%ﬁﬁé‘v ¢Sncen rxa%e UnH&r red uciéi ’pBr(élé;ure. To the
resulting residue, eéliwaq L (50mL) was added and the mixture was concentr%tled under reduced
pressure. AREr fe afing Je' 25 %6tanol additioh and concentration once&thaRol @%qun Was

MS (EI) m/z = 551 (M').

Elementary analysis (%): Calcd for C,7H3,F3N306°0.5H,0: C 57.85,

H 5.93, N 7.50; found: C 57.90, H 5.80, N 7.49.

10
Example 23

Synthesis of (3R)-10-[(3S,4S)-3-cyclopropyl]lamino]lmethyl-4-

fluoromethyl-1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-

dihydro-7-oxo-7H-pyrido[1l,2,3-d.e][1l,4]benzoxazine—6-

15 carboxylic acid hydrochloride

(3R)-10-[(35,4S) -3-[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]methyl-4-fluoromethyl-1-pyrrolidine]-9-
fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[l, 2, 3-
d.e][l,4]benzoxazine-6-carboxylic acid (860mg) was dissolved

20 in ethanol (9mL) saturated with hydrogen chloride. The
mixture was stirred at room temperature for 1 hour and was
subsequently concentrated under reduced pressure. To the
resulting residue, ethanol (50mL) was added and the mixture
was concentrated under reduced pressure. After repeating the

25 ethanol addition and concentration once, ethanol (50mL) was
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86 21 December 2005 added to the resultant residue, and the mixture was heated to 70C and was
then allowed to stand at room temperature for 1 hour. The resulting crystal was collected by filtration,
followed by washing with ethanol and drying under reduced 5 pressure, to give 762mg of
(3R)-10-[(3S,4S)-3- cyclopropyllamino]methyl-4-fluoromethyl-l-pyrrolidinyl]-21 December 2005
fluoro-3-fluorometrgll-z,3-dihydro-?-oxo-?H-pyrido[1,2,3- d.e][1,4]benzoxazine-6-carboxylic acid
hydrochloridé*8§ a%y&lfovi Bfystal S1d M tFAB ) “Mifz= NI ®) Blehtethtany/ araly§e (6 : €alcd for
C22H24F3N304HCIH20 0.5C2H50H: C 52.23, H 5.72, N 7.94; found: C 52.17, H 5.38, N 8.20. 15
Example 24 Syhthie&8 4 {3R)-109(3S AR A clspropfiamifdméthyfgt smperature for 1
fluoro-1-pyrralidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7- 1 , ,
ox0-7H-pyridBf23,3-d E](1, 4/6EHZIxHIthe=E EaHEoxy ie AciPh's Sinfifar Wariner 16 Pro&ss (B) in
Example 1, 20 his(acetat -O%BR -9,10-difluoro-3-fluoromethyl-2,3-dihydro-
oxou T pyr L S5 G JRBIE e B rBOto OB, v bBRort (B Gy WA Féhcted with
(3R, 4R) -3- cyclopropylaminomethyl-4- %ﬂlorop ro{i ine (40.6mq) to give .71.0mg of
(3R)-10-[%38, fﬁ- -8}[/}c%pr%8y%%n\fr%/orér}1e @?—49?%0 gpz% (16) [(g)s’ 4%) 3
1-pyrrolidinyl}-9-ipioro-3 Ao omety | 23 gy dro- X0 MHle thy1-1-pyrrolidiny1] -9~

fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-pyridol[l, 2, 3-

d.e][1l,4]benzoxazine-6-carboxylic acid hydrochloride as a

yellow crystal.

10 MS (FAB"): m/z=452 (MH").

Elementary analysis (%) : Calcd for CyyHz4F3N30,°HC1-H,0
0.5C,HsOH: C 52.23, H 5.72, N 7.94; found: C 52.17, H 5.38, N

8.20.

15 Example 24

Synthesis of (3R)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-

fluoro—-l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-dihydro-7-

oxo-T7TH-pyrido[1l,2,3-d.e][1l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,

20 Dbis(acetato-0) [ (3R)-9,10-difluoro-3-fluoromethyl-2, 3-dihydro-
7-oxo-7H-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylato-
OaCﬂ]boron (100mg) was reacted with (3R,4R)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine (40.6mg) to give
71.0mg of (3R)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-fluoro—

25 1l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-
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87 21 December 2005 pyrido[1,2,3-d.e][1,4]benzoxazine-6-carboxylic acid as a pale yellow crystal.
MS (FAB+) : m/z=438 (MH+) Elementary analysis (%) : Calcd for C21H22F3N304: C 57.66, H 5.07, 5
N 9.61; found: C 57.50, H 5.18, N 9.22. Example 25 Synthesis of
(3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4- 21 December 2005
fluoro-1-pyrrolidinyl]-9-flugro-3-fluoromethyl-2,3-dihydro-7- 10 , ,

oxo-7H-pyridBHE2,35d. &1 f 4ibéhZokaziné B earokyic 46id Snietdistifofakc1d as a pale
(3R)-10-[(3S,4S)-3-Cyclopropylaminomethyl-4-fluoro-I-
pyrrolidinyl]-9Zfiuord3-filudidniethyl-2,3-dihydro-7-oxo-7H-
pyrido[1,2,3-d.e][1,4]benzoxazine-6-carboxylic acid (50.0mg) 15 was suspended in ethanol (2mL) . To
this suspensi%ﬁ, r{% Anésdifofic adid E{%I pL) was added and the mixture was stirred at room

temperature for 1 hour. The resulting crystal was collected by filtration, was washed with ethanaol, and
s then crib GRBBF AacB0 DraSaute 14 bive Bt AMGrar oG ag o T & st sdli570%;

[(3S,4S)-3-cyclopraopylaminomethyl-4-fluoro-I-pyr, ol%nyl -9-

fluoro-3-f uorgmgtr%ﬁ-zg%}h@ ro%-éxi'-%g!pygidé[li, ,’3-léi.69][J’.Z,i]benzoxazine-6-carboxy|ic acid
methanesulfonate as a pale yellow crystal. MS (FAB+) : m/z = 438 (MH+) 25 Elementary analysis (%)
: Calcd for C21H22F3N304CH3S0O3H0.25H20:

Example 25

Synthesis of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-

fluoro-1l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-

10 oxo-T7TH-pyrido[l,2,3-d.e][l,4]benzoxazine—-6-carboxylic acid

methanesulfonate

(3R)-10-[(3S,4S)-3-Cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyrido[l,2,3-d.e][1l,4]benzoxazine-6-carboxylic acid (50.0mg)

15 was suspended in ethanol (2mL). To this suspension,
methanesulfonic acid (15.0uL) was added and the mixture was
stirred at room temperature for 1 hour. The resulting crystal
was collected by filtration, was washed with ethanol, and was
then dried under reduced pressure to give 50.4mg of (3R)-10-

20 [(3S,4S)-3-cyclopropylaminomethyl-4-fluoro-l1-pyrrolidinyl]-9-
fluoro—-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[1l,2, 3-
d.e][1l,4]benzoxazine-6-carboxylic acid methanesulfonate as a
pale yellow crystal.

MS (FAB'): m/z = 438 (MH').
25 FElementary analysis (%) : Calcd for Cjy1Hp,F3N30,°CH3S0O5H-0.25H,0:
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88 21 December 2005 C 49.11, H 4.96, N 7.81; found: C 49.18, H 4.86, N 7.42. Example 26 Synthesis
of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4 5
fluoro-1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-
0x0-7H-pyrido[1,2,3-d.e][1,4]benzoxazine-6-carboxylic acid hydrochloride 21 December 2005
(3R)-10-[(3S,4S)-3-Cyclopropylaminomethyl-4-fluoro-|-

pyrrolidinyl]-g=flioto® -flugro ethyl-2 3 /difydrof2oR6-7H: 107 - 18, H 4.86, N 7.42.
pyrido[1,2,3-d.e][1,4]benzoxazine-6-carboxylic acid (50.0mg) was suspended in ethanol (2mL) . To this
suspension, ethanol (60.0pL) saturated with hydrogen chloride was added and the mixture was
stirred at room temperature for 1 hour. The resulting crystal was collected by filtration, was washed 15

with ethanol,%ﬁﬁ aStieh dried under reduced pressure to give 52.9mg of

(3R)-10-[(3S,4S] -3-yc|orgylamnom thyl-4-
ride as_a pale yellow crystal. 20
jﬁ%&éﬁeﬁﬁ@@% O H20: C

fluoro-1-pyrrelidiRyH~ofidord 1O ) .
525815091 38, 89 21 December 2008 (Anjibacieria activiy

oxo-7H-pyridg[1,2,3-d.e][1,4]benzoxazine-6-ca
MS(FAB ):? uo yIr 1é1 f 8

52.73,H 4.956XNO§7§ié%urnida§[

hydrochloride

(3R)-10-[(3S,4S)-3-Cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo—-7H-
10 pyrido[l,2,3-d.e][l,4]benzoxazine-6-carboxylic acid (50.0mg)
was suspended in ethanol (2mL). To this suspension, ethanol
(60.0uL) saturated with hydrogen chloride was added and the
mixture was stirred at room temperature for 1 hour. The
resulting crystal was collected by filtration, was washed
15 with ethanol, and was then dried under reduced pressure to
give 52.9mg of (3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-
fluoro-l-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2, 3-dihydro-7-
oxo-T7TH-pyrido[1l,2,3-d.e][1l,4]benzoxazine-6-carboxylic acid
hydrochloride as a pale yellow crystal.
20 MS (FAB"): m/z=438 (MH').
Elementary analysis (%) : Calcd for C,1H,F3N30,4°HC1-0.25H,0: C

52.73, H 4.95, N 8.78; found: C 52.68, H 5.04, N 8.28.
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Test Example 1: in vitro antibacterial activity The in vitro antibacterial activity (as measured by the
minimum inhibitory concentration (MIC)) was determined for 5 each of the compounds of the present
invention by the agar dilution method according to NCCLS (National Committee for Clinical
Laboratory Standard (1997), Methods for Dilution Antibacterial Susceptibili/1Tesis éatBactena that
grow Aerobically-Forth Edition; Approved Standard m7-A4. NCCLS, 10 Villanova, Pa.), which involved
the use of Muller-HiRh &gt 2meditnt "Ed®Bneumococci and enterococci, MIC was determined by
using Muller-Hinton agar medium containing 5% defibrinated . equine bload. The results are shown in
_ H-vitro-aftibacteral detivil SkamvViic g Example 1Example
2Example 4 Example 5Example 6 S. aureus Smith0.0160.0310.0310.250.25 S. aureus
MR58670.0160.0160° 0510350725 & atPeuLRE18%010.12%0:950-844 &° phiamohie Type e
III0.0320.1250,12,50.125.0.1%}?%5 faecalis 11D6820.0,630.250.23%.250.25 StrainMIC &m%/mL)
ExampleExaMpleEXE I8 EXanisie Exampies7 01413 s Hirdys Was determined for

Smith<0.8080.0160.0980.0160.008 S. gured M 5867<0.0080..016O.00,80.01560.0 8
each of the compounds of the present 1nvention by the agar

dilution method according to NCCLS (National Committee for
Clinical Laboratory Standard (1997), Methods for Dilution
Antibacterial Susceptibility Tests for Bacteria that grow
Aerobically-Forth Edition: Approved Standard m7-A4. NCCLS,

10 Vvillanova, Pa.), which involved the use of Muller-Hinton agar
medium. For pneumococci and enterococci, MIC was determined
by using Muller-Hinton agar medium containing 5% defibrinated

equine blood. The results are shown in Table 1 below.

15 Table 1: in vitro antibacterial activity

Strain MIC (mg/mL)
Example 1 Example2 Example4 Example5 Example 6
S. aureus Smith 0.016 0.031 0.031 0.25 0.25
S. aureus MR5867 0.016 0.016 0.031 0.25 0.25
S. aureus MS16401 0.125 0.25 0.5 4 4
S. pneumoniae Type Il 0.032 0.125 0.125 0.125 0.125
E. faecalis 11D682 0.063 0.25 0.25 0.25 0.25
Strain MIC (mg/mL)
Example Example Example Example Example
7 10 11 12 13
S. aureus Smith <0.008 0.016 0.008 0.016 0.008
S. aureus MR5867 <0.008 0.016 0.008 0.016 0.008
S. aureus MS16401 0.063 0.063 0.031 0.063 0.031
S. pneumoniae Type Il 0.016 0.031 0.016 0.063 0.031
E. faecalis 11D682 0.125 0.125 0.063 0.25 0.125
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S. aureus MS164010.0630.0630.0310.0630.031 S. pneumoniae Type 1110.0160.0310.0160.0630.031
E. faecalis 1 1 D6820.1250.1250.0630.250.125 90 21 December 2005 StrainMIC (mg/mL)
ExampleExample Example ExampleExample 1415161718 S. aureus
Smith0.0080.0310.0160.0080.008 S. aureus MR58670.0080.0310.0160.0080.016csrawseus MS1
64010.0310.0630.0630.0630.063 S. pneumoniae Type 111<0.0080.0630.0320.0160.016 E. faecalis 11
D6820.0630.1250.0630.0630.063 StrainMIC (mg/mL) ExampleExample ExampleCiprofloxacin
192021 S. aureus Sn$thh0160.0080.0160.25 S. aureus MR&#DS (fAfhh60.0160.0160.25 S. aureus
MS164010.1250.0630.0318 S. pneuBxaniple TypéxHode50.0860mpls0.5 Exdapalis Example
11D6820.250.0630.0630.5 S. aureudMR5867: methicillin-redistant S. auitéus S. auretd MS1 6401:

quinolone- res?s?aﬁ@lg 0H8us 5 INDQQQ@IAL AFQZQS*ICABILITO\DW 0.008 0.008
S. aureus MR5867 016 0.008 0.016
S. aureus MS16401 0.031 0.063 0.063 0.063 0.063
S. pneumoniae Type Il <0.008 0.063 0.032 0.016 0.016
E. faecalis 11D682 0.063 0.125 0.063 0.063 0.063
Strain MIC (mg/mL)
Example Example Example Ciprofloxacin
19 20 21
S. aureus Smith 0.016 0.008 0.016 0.25
S. aureus MR5867 0.016 0.016 0.016 0.25
S. aureus MS16401 0.125 0.063 0.031 8
S. pneumoniae Type Il 0.125 0.016 0.016 0.5
E. faecalis 11D682 0.25 0.063 0.063 0.5

S. aureus MR5867: methicillin-resistant S. aureus

S. aureus MS16401: quinolone-resistant S. aureus

INDUSTRIAL APPLICABILITY
The novel 10-(3-cyclopropylaminomethyl-1-
pyrrolidinyl)pyridobenzoxazine carboxylic acid derivatives,
salts and hydrates thereof, which are compounds of the
10 present invention, are not only safe and exhibit strong
antibacterial activities, but they are also effective against
drug-resistant bacteria that are less susceptible to

conventional antibacterial agents.
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The novel 10-(3-cyclopropylaminomethyl-I- pyrrolidinyl) pyridobenzoxazine carboxylic acid derivatives,
salts and hydrates thereof, which are compounds of the 10 present invention, are not only safe and
exhibit strong antibacterial activities, but they are also effective against drug-resistant bacteria that
are less susceptible to conventional antibacterial agents. 91 21 December 2005 &£1aAMS 12305
pyridobenzoxazine carboxylic acid derivative as represented by the following general formula (), or a
salt or a hydrate thereof: | 5 R5 wherein R1is a m F&lr%up, a fluoromethyl group, a methoxymethyl
group, an acetoxymethyl group, a hydroxymethyl group or a methylene; R2 is a hydrogen atom, a
lower alkyl group having At BarboR 6 of 4 PRAaracEUal 10Hccéptabi€ caffon and an
ester of a prodrug; R3 is a hydrogen atom or a halogen atom; R4 is a hydrogen atom, a lower alkyl
group having RS &Fon atdhss A%uoPorathy groli: &° trflubrdMety ¢fdup 6ra luSard atom;

and R5 is a hydrogen atom or quorinIeoatom, except for the compounds 15 which R1 is a methyl

group: R2 is & hydroyénatom; RS

0
R3 COOR2
|
R4 N N I
H O\)\‘}Rl

N
R5<(

wherein R1 is a methyl group, a fluoromethyl group, a
methoxymethyl group, an acetoxymethyl group, a hydroxymethyl
group or a methylene; R2 is a hydrogen atom, a lower alkyl
group having 1 to 3 carbon atoms, or a pharmaceutically

10 acceptable cation and an ester of a prodrug; R3 is a hydrogen
atom or a halogen atom; R4 is a hydrogen atom, a lower alkyl
group having 1 to 3 carbon atoms, a fluoromethyl group, a
trifluoromethyl group or a fluorine atom; and R5 is a
hydrogen atom or a fluorine atom, except for the compounds

15 which R1 is a methyl group; R2 is a hydrogen atom; R3 is a
fluorine atom; R4 is a hydrogen atom; and R5 is a hydrogen

atom.

2. The compound according to claim 1, a salt or a hydrate
20 thereof, wherein R1 in the general formula (I) is a

fluoromethyl group.

3. The compound according to claim 1, a salt or a hydrate
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fluorine atom; R4 is a hydrogen atom; and R5 is a hydrogen atom. 2. The compound according to
claim 1, a salt or a hydrate 20 thereof, wherein R1 in the general formula (I) is a fluoromethyl group.
3. The compound according to claim 1, a salt or a hydrate 92 21 December 2005 thereof, wherein in
the general formula (1), R1 is a fluoromethyl group and R3 is a fluorine atont 4. ddescormpowriD 5
according to claim 1, a salt or a hydrate 5 thereof, wherein in the general formula (1), R1 is a
fluoromethyl §FotiRs RB isvehfidsTine atont; BhdoRA &a thyldrsgen atom) a nfethyisgraup, a fluoromethyl
group or a fltﬁrine aton%hlo 5. The comggugg accordir}glto claim 1, a salt or a hydrate thereof,
wherein in the g%%]ér%{ﬁorn%/uﬁa?fi?ﬁ? i§a fluoro%nsetﬁyl grgﬁﬁ,llf@ is'a fllorine atom, R4 is a hydrogen
atom, a methyl group, a fluoromethyl group or a fluorine atom, and R5 is a hydrogen atom or a
fluorine atom. 15 6. The compound according to claim 1, a salt or a hydrate thereof, wherein R1 in the
general formula (1) is heethyh@saup. 2 ¢oThe egmpousdaaeonding taselaim dy assatt,era hydrate
thereof, wherein in the general formula (1), R1 is a methyl

5 thereof, wherein in the general formula (I), Rl is a

fluoromethyl group, R3 is a fluorine atom, and R4 1is a
hydrogen atom, a methyl group, a fluoromethyl group or a

fluorine atom.

10 5. The compound according to claim 1, a salt or a hydrate
thereof, wherein in the general formula (I), R1 is a
fluoromethyl group, R3 is a fluorine atom, R4 is a hydrogen
atom, a methyl group, a fluoromethyl group or a fluorine atom,

and R5 is a hydrogen atom or a fluorine atom.

15
6. The compound according to claim 1, a salt or a hydrate
thereof, wherein R1 in the general formula (I) is a methyl
group.

20 7. The compound according to claim 1, a salt or a hydrate

thereof, wherein in the general formula (I), R1 is a methyl

group, and R3 is a fluorine atom.

8. The compound according to claim 1, a salt or a hydrate

25 thereof, wherein in the general formula (I), Rl is a methyl
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group, and R3 is a fluorine atom. 8. The compound according to claim 1, a salt or a hydrate 25 thereof,
wherein in the general formula (1), R1 is a methyl 93 21 December 2005 group, R3 is a fluorine atom,
and R4 is a hydrogen atom, a methyl group, a fluoromethyl group or a fluorine atom. 9. The compound
according to claim 1, a salt or a hydrate 5 thereof, wherein in the general farmube (R is a Moeéthyl
group, R3 is a fluorine atom, R4 is a hydrogen atom, a methyl group, a fluoromethyl group or a
fluorine atomZ&RHRS Bh Hydfogeh o 6r 3?Iﬁ8rin§%‘?or#./4ld 102 THE CoRPund&eRording to any
one of claims 1 t0 9, a salt or a hydrate thereof, wherein the compound of the general formula (I) has

a single steréﬁ%ﬁgﬁ%srg.r PYPThE cSrmpPBunE kB {3 Elaitt 1% a Shit O Hfydtafd” 15 thereof,

wherein the compound of the general formula (1) is
(3S)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-|
pyrrolidinyl]-9-fluoro-3-methyl-2,3-dihydro-7-0xq-7H- pyrido[1,2,3-d,e][1,4]henzoxazine-6-carboxylic
acid, a salt of a hydrat&ther8t°28 122 THe %%Hb%uﬁg ac % ding to %Ia? " dalford Rydrate
thereof, wherejn the compound of the general formula (1) is .

(35)-10-(35, 457 £y opropyfitBmidtny eyl = “o=male (I, RI is a methyl

pyrrolidinyl]-Qéfrl%%rg:?,-lgget@él-2d3-fdi'rydro-7-ox -7TH-

orine atom, R4 is a hydrogen atom, a methyl
group, a fluoromethyl group or a fluorine atom, and R5 is a

hydrogen atom or a fluorine atom.

10 10. The compound according to any one of claims 1 to 9, a
salt or a hydrate thereof, wherein the compound of the

general formula (I) has a single stereochemisry.

11. The compound according to claim 1, a salt or a hydrate

15 thereof, wherein the compound of the general formula (I) is
(3S5)-10-[(3S,4R) -3—-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-9-fluoro-3-methyl-2,3-dihydro-7-oxo-7H-
pyridol[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt
or a hydrate thereof.

20
12. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(3S5)-10-[(3S,4S) —cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-9-fluoro-3-methyl-2, 3-dihydro-7-oxo-7H-

25 pyrido[l,2,3-d,e][l,4]benzoxazine-6-carboxylic acid, a salt

94



25 pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid, a salt 94 21 December 2005 or a hydrate
thereof. 13. The compound according to claim 1, a salt or a hydrate thereof, wherein the compound of
the general formula (1) is 5 (3R)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-|
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H- 21 December 2005
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid, a salt or a hydrate thereof. 10 14. The compound
according to Eairft 4% & hydrated thereof, wherein the compound of the general formula (1) is
(3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-methyl-|
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid, a salt. 15 or a hydrate thereof. 15. The compound
according to &laim 1, B $altory ﬂﬁ?&l%té?Ctﬁgﬁé%ir\ﬁh&%irfﬁaelgbrﬁpoﬁnos 8- thederferationmfa () is
(3R)-10-[(3S)-3-cyclopropylaminomethyl-I-pyrrolidinyl]-9_20 .
fuoro-3-flaorometiyh 2,3 ANy Ta.7-oxbe T BYFEBIL 3. o IfL ABRREBRadine B bdHliceid, a salt

or a hydrate thereof. 16 compaund according to claim 1, a salt or a hydrate 25 thereof, wherein
the comp%unéI}oP%)th;l ée%gg;?forﬁ?u% (Ijj?]sc%%péflog%%gr%b%?@%%y& 4 mgt%ﬁ %
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-

pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

or a hydrate thereof.

10 14. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(3R)-10-[(3S,4S)-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

15 or a hydrate thereof.

15. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(3R)-10-[(3S)-3-cyclopropylaminomethyl-1-pyrrolidinyl]-9-

20 fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[l,2,3-
d,e][1l,4]benzoxazine-6-carboxylic acid, a salt or a hydrate

thereof.

l6. The compound according to claim 1, a salt or a hydrate
25 thereof, wherein the compound of the general formula (I) is
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(3R)-10-[(3R)-3-cyclopropylaminomethyl-I-pyrrolidinyl]-9-
fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-pyrido[1,2,3- d,e][1,4]benzoxazine-6-carboxylic acid, a salt
or a hydrate thereof. 5 17. The compound according to claim 1, a salt or a hydrate thereof, wherein
the compound of the general formula (1) is (3S)-10-[(3S,4R)-cyclopropylamiriometbyhd-$luoan D 5
pyrrolidinyl]-9-fluoro-3-methyl-2,3-dihydro-7-oxo-7H- 10 pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic
acid, a salt or‘%\Pﬁy_d]rgt_e[ti‘wé%éo?3I§W8&ﬁ88&ﬁ@h€8&%ﬁ&ﬁoﬁéwi,rﬁ aft oraltydtate thereof,
wherein the compound of the general formula (I) is 15 ,
(3S)-10-[(3S, A S). Y BlopropyininBiitetiyi-4:fidoroHty 4 o~ /-oxo-7i-pyrido[l, 2, 3
pyrrolidinyl]-9-fluaro-3-methyl-2,3-dihydro-7-oxo-7H- p rido[l,2,3-d,e][l,%benzoxazine-6-carboxy|ic
acid, a salt of a"Hydrate tRErEs1*95 18°The %8%%%%%%%&?&1% {6 clafth i, Qs S hgdfate

thereof, wherejn the compound of the general formula (1) is

(3R)-10-[(3S,El]i3ﬁ-rc?/8 propylaminomethyl-4-fluoro-|
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid, a salt 25 or a hydrate thereof. 96 21 December
2005 20. Thelcpmpokfnd accordinlgntg claim 1, a salt or a hydrate

he "compo according to clFaim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(35)-10-[(3S,4R) —cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-methyl-2,3-dihydro-7-oxo-7H-
10 pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

or a hydrate thereof.

18. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
15 (3S)-10-[(3S,4S)-cyclopropylaminomethyl-4-fluoro—-1-
pyrrolidinyl]-9-fluoro-3-methyl-2,3-dihydro-7-oxo-7H-
pyrido[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

or a hydrate thereof.

20 19. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(3R)-10-[ (3S,4R) —cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyridol[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

25 or a hydrate thereof.
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thereof, wherein the compound of the general formula (1) is
(3R)-10-[(3S,4S)-cyclopropylaminomethyl-4-fluoro-l1 5
pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
pyrido[1,2,3-d,e][1,4]benzoxazine-6-carboxylic acid, a salt or a hydrate thetebf Dk Arbantityaiérial
agent containing as an active 10 ingredient the compound according to any one of claims 1 to 20, a
salt or a hydrate thereof. 97

20. The compound according to claim 1, a salt or a hydrate
thereof, wherein the compound of the general formula (I) is
(3R)-10-[(3S,4S) —cyclopropylaminomethyl-4-fluoro-1-

5 pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo—-7H-
pyridol[l,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid, a salt

or a hydrate thereof.

21. An antibacterial agent containing as an active

10 ingredient the compound according to any one of claims 1 to

20, a salt or a hydrate thereof.
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