DESCRI PTI ON  10- (3- Cycl opr opyl am nonet hyl - | - pyrrolidi nyl) pyri dobenzoxazi ne
carboxylic acid derivatives effective against drug-resistant bacteria 5
TECHNI CAL FI ELD The present invention relates to novel 10-(3 _ _
cycl opropyl anmi nonet hyl -1 - pyrrolidinyl)pyridobenzoxazine carboxylic acid
derivatives, salts and hydrates thereof that, 10 in addition to being safe
and exhibiting strong antibacterial DEstRMPTI®$, are effective against
drug-resi stant bacteria that are | ess susceptible to conventional

anti bact eriial- (Wl%pr@yﬁ%“&@t@ﬂa@ﬁmm%ﬁfﬁy§m%gq?@x&@gﬁet o

the followng articlesT Japanese Patent Lard-Cpen Pubfrcatrom No. Sho
37-40986  (EalghlyfiLi ghealherJoRRAGSE BREL ;LA doQnen, Publicalion Mo,
Sho 61-204188(Patent Artrctre 2); Japanese Patefit—tat on
No. Sho 62-155282 (Patent Article 3).,Since.,the devel opnent of norfl oxacin,
considerable effort has been nmade wo 3t 0 devel op qui nol one
carboxyhic aci d-based antibacterial agents, which are also known as new
gui nol ones and have now becone inportant cures 25 for infectious diseases.
1

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 gquinolone
carboxylic acid-based antibacterial agents, which are also
known as new quinolones and have now become important cures

25 for infectious diseases.



The recent energence of drug-resistant bacteria, such as

Met hicillin-Resistant Staphylococcus aureus (MRSA), Penicillin-Resistant
St rept ococcus pneunoni ae (PRSP), and Vanconyci n-Resi stant Enterococcus
(VRE), nost of which are 5 gram positive bacteria, has posed a serious
threat to the treatnment of patients. Traditional quinolone carboxylic
aci d- based antihectestaht ageatgehayeor eiatgvetyiveaktapnhcbaeiari alich
activities against grampositive bacteria and thus are not considered as

effective gyresthorilhendrug: seshet 8ohphgtbebbauslQukdushemaeag, the
i ncreasi ng incidence of Quinol one-Resistant Staphyl ococcus aureus (QRSA)

nakes the yse; of { 1esee i Usn : YEPBPLEHLLL] BLhmoNYihLe BySE]obgngoXazi ne

car boxylic aci ased antibacterial agents s ar to the on ainmed in
the 15 present _invention are described in, f xampl e, Patent. Articles 1,
2, and 3 VOREOBY CIReRsoLaEnts BRFeFoSarFie dRRET anPPBacOS: af CHORFSi ty
agai nst_gram positive bacteria, nor are they described to have

anti bac? er95iMaRPF VIt yeaharhsriadr BgsresFstant SBaLPEFI ARERRR 58 Th6se

descri bed above. 20 DI SCLOSURE OF THE INVENTION It is therefore an
obj ecti ve ofeatmept egsénpatherhsi ol radl prowd deqwbvel opy r ¢ aioberny bikazd aed-
carboxylic acid-based conpounds that, in addition to being safe and
exhi bi ti ngb25edt anhfbantebhal eagahtachavet redatavelef veaki eatapacnstridiug
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-

2



2 resistant bacteria that are | ess susceptible to conventional

anti bacterial agents. In view of the above-descri bed problens, the present
i nventors have devoted a significant anount of effort to 5 seeking
qui nol one carboxylic acid derivatives that are effective against

gram positive bacteria, in particular, such drug-resistant bacteria as

MRSA, PRSPreandt ¥RE, p¥btehiar enategsesussapsubbeptept kadizt icepglntyionghone
carboxylic acid- based antibacterial agents. The effort was rewarded by the

10 discovegﬂtgga&pgrggﬂpggggﬁng the present invention, which proved to be
effective agalnst grampoSitive bacteria, in particular, such

drug-resi stant bacteria a SA, ., PRSP,, and., VRE, a exhi bit hi gher

anti bacteri al acf?va?wagﬁcgﬁ%a?gaveﬁg?SSﬁﬁyeﬁﬁPHOBESHFfighﬁlpﬁ%FﬁBFone
carboxylic, acid-based 15 anti bacterial agents, but also with various other
ant i bact er 1aVeRgeRE shaTRed@VSEBdery ShPRLMACENR) PBAURReOfpréLORt tRVeNt or s
to conplete the present invention. According to the present invention,

there i3 ppevkied auipohpoandasborgpiesentidddeyivheifvelsl thWatgagener al
formula (1), 20 or a salt or a hydrate thereof: 0 3 wherein R1 is a nethyl
group, a féfibeonetvrhybggingp, gaamprpbhaxyret byktegtradp, ianpacetexyaet, hyhuch
group, a hydroxynet hyl
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 quinolone carboxylic acid-based
15 antibacterial agents, but also with various 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 |
H OVJ\\M

N

o<



group, or a nethylene group; R2 is a hydrogen atom a |lower alkyl group
having 1 to 3 carbon atons, or a pharmaceutically 5 acceptable cation and
an ester of a prodrug; R3 is a hydrogen atomor a halogen atom R4 is a
hydrogen atom a | ower alkyl group having 1 to 3 carbon atons, a
fluoronmethyl group, a trifluoromethyl group or a fluorine atom and R5 is
a hydrogeph@teihor1ai§l donebryat gpoup)d Exambesmetht/hegkewpr, al kyl group
in the general forrmula (I) include a nethyl group, an ethyl group, a

propyl gr@g@hoﬁpméﬁﬁpiogybu OHR, a@eéoﬁyﬁgsh9mrapxhpgrguaydﬁé§9mb%ﬁ 10f
t he pharnaceutlcally accepta e cation include sodiumion, potaSS|un1|on

Tagnes UM R ¢3bE UTRLERy 1800 BOTROL Uy 90 anﬁggggggH'S% B Lheogster of

a prodrug pi va group, yY gr oup

ht hal i d d t hox th
: neth|'”XL§§5 gbaPOQ%?éﬁEyi Up 4" 5apooExanpras 6F tﬁﬁgﬁaﬁsggﬂlaﬁ&&v
|nclude quorlne chlorine, bromne, and 20 iodine. BEST MODE FOR CARRYI NG

QUT THED | NWERAPERPAR 63B#HPNar)dprBdasErPENOBr 8cBE8ABRIF hB3cbRpauRIdEPIeRe
present invention will now be described. 25 The conpound of the present
i nventi on akgmberpaocdateded byomeaB#i hg a bydpourd répmesenfedebyaflkel
follow ng general forrmula (11):
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 ilodine.

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
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Il RL [wherein R1 and R3 are the sane as in the general fornula 5 (1); and
R6 is represented by the follow ng general formula (I1Il) : ,R7 B\ IIl R8
[wherein R6 and R7 are each independently a fluorine atom or a |ower
al kyl car bonyl oxy group]] 10 with a conpound represented by the foll ow ng
general formula (1V), or an acid addition salt thereof: R4 RILO NH N N RS
[ wher ei n R4yandaRbingeat bempatBdasephekBatganekaknkordulawibhly gedrdaR10 is
a hydrogen atomor a protective group of 15 nitrogen atom such as
t - but oxycaghenyhl ampgythen renoving the boron chelate and, if necessary,
the protective group of nitrogen atom The reaction of the conpound of the
general formula 5 (LI) with the conpound of the general formula (IV) may be
carried out in the gbsence or presence of a solvent, such as

R3 COORG6

0\/J‘~\~R1

[wherein R1 and R3 are the same as in the general formula
5 (I); and R6 is represented by the following general formula
(III):
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
R10 NH v

\

N
RS\«
[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 al cohol, acetonitrile, dinethylsulfoxide, N, N dinethylformm de,

N, N- di net hyl acet am de, N-nethyl pyrrolidone, 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 netal or
an alkaline earth netal, or a basic organic conpound, such as
triethylamine) disrabheyebmpdutadecesre genpyhidifsemulhe (I)reagt ben is
typically carried out at a tenperature in the range of roomtenperature to

200C and pegteiall yutnihhener apgenet 88CotasdRBE. oFhg EBaGELeN Lakes afkrom
30mn to 48 hours and is typically conplete within 30mn to i5 hours. 1f

desired, the cpppound of (the;general EAEYLA Gh) MRy, 17 Re converted to
echni qlie. a

its salt using an ordinary es of "suéh Salts include salts

formed with,an_in ani c, .aci uch ydrqchl,oric acid,, sulfuric,acid,
ond " phosphoRPEREEF AERegi o8 o MG R R e acfanetnihputtofidsne,
met hanesul fonic acid, lactic acid, oxalic acid, and acetic 20 acid, and

sal ts forne8tHprRKAEBaREAT, pBiadanam PRRGRBSY uRY tearENem aBPUAPNEGRE cerium
chrom um cobalt, copper, iron, zinc, platinum silver, or the like. The
conpound oprehenpeesénani avedt reaephyrbe Thelnieidteeeeptor hmapnseoa ani mal s
in a pharmaceutically known 25 formthrough a pharmaceutically known
route. Forcexhaphee bheabhgdrpgundcaBpohatpr epanadailkallhiembaam o powders,

t abl et s,
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



capsul es, ointnents, injections, syrups, solutions, eye drops, and
suppositories for oral or parenteral adm nistration. 5 EXAMPLES Exenpl ary
tests as well as production processes for the conmpound of the present
invention will now be described in detail with reference to exanples. 10
Ref erence Exanple 1
B'S(acetatQoﬁi£ﬁ§50mgylﬁed%255858d3iﬁ|HﬁéO$SERYbf2p%w@bQ%qrQablets,

7-oxo- 7TH pyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6- car boxyl ato- 06,07 ]boron To a
m xt ure of i cid.: and - 0.C an i 3.49), .zLn

chlori de (§§§%%§e§ésgégéégﬁg%d ?ﬁgé%géﬁﬁFVn§w¥%é§ZH%§%é£?% ?Tr%%éa TPBam
tenperature for 0.5 hours. Ta this.mxture, o .

(3R)- 9, 10- &PFI %PB%%?P%?BngPHyP?E,ls%i Rggrgreral administration.

7-oxo- 7THpyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne- 6-car boxylic acid ethyl ester
(22.69) was added and the m xture was stirred at 20 60*C for 2.5 hours.
Subsequently, the reaction m xture was concentrated under reduced pressure
and t he>r eB¥R¥PRESr esi due was dissolved in ethyl acetate (300nL). The
solution was sequentially washed with a saturated aqueous sol ution of

sodi um hydr ogen ERehpbate t@sks288nkelandst peaducthonapebc2sses0@vik) the
foll owed by drying over anhydrous sodiumsulfate and 7 concentrati on under
reduced presspbendThe tREUpLEBEnEEShYHALivASwREN hbfdpan g seiribed del
colum (di chl or omet hane: acet one

detail with reference to examples.

10 Reference Example 1

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

7-oxo-7TH-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 (63.4qg), 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-TH-pyrido[l,2,3-d,e]l[l,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 yell ow anor phous product was crystallized in an

acet one/ di
bi s(acet at

ethyl ether mxture to give 5 24.5g of
0-O[(3R)-9, 10-di fl uoro-3-fl uoronet hyl -

2, 3-di hydro-7-oxo-7H pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne- 6-

car boxyl at

0- 6, O7] boron as a white powder. 1H NVR(CDC13) : 5 1.85 (s, 3H)

2.05 (s, 3thncedtb2t{dddundes rédacbb,pSeQShEe.lzTBeFEesdt&iné-Zésiﬂdg, 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,

iH, 4. 92wégdpu%1flédoohta égiZCEEEeiHEol§m§5 él%ﬁl@gbmé%hang 9%0e@@@e

7.3 Hz, 9

H) (s
CL7HISBENDS, 0, 75HE0: €40, 3 oo ngw gungrg;ﬁwfsogggdu&%aéo Ha. 3,

3.30. 15 Refere
ﬁwgggif%zgiif 89?%5'0?% OBt e EaS ) B e B BIREEES. toallERy! at o- 05,

bi s(acet at
met hoxynet

3 Hz, | ementary anal ysis (0)

esl|s O

0' ] boron 20 Ste

(39)-9, 20-
7H- pyrido[

The result
Subsequent

10

15

20

25

%ﬂfﬁao@g bislarayare-9) hydRoxymePngifiugxe-3-fluoromethyl-

1,2, 3-d,e][1, 4] benzoxazi ne- 6-carboxylic acid ethyl ester (1.309)
was suspenaea-dhhmdhydﬁOQSOdVHEPMyEﬂQdﬁaﬁided,€40ﬁLﬂJb5hhwaazanbdé-(I)
(4.63g) and nethyl iodide (1.25n) 25 were then added to the suspension.

f:agbﬁkywte—mé,soﬁ etrior ed af whoam teespRymt ure for 21 hours.
1$hNMR(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,
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, J = 7.3 Hz, 9.3 Hz, 1H), 9.22 (s, 1H).

Elementary analysis (%): Calcd for C;;7H13BF3NOg*0.75H,0: C 46.34,

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

Reference Example 2

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

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

carboxylato-0°%,07]boron

Step 1:

(35)-9,10-Difluoro-2,3-dihydro-3-hydroxymethyl-7-oxo-
TH-pyrido[l,2,3-d,el[1l,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)
were then added to the suspension. The resulting mixture was

8



insoluble materials were renoved fromthe reaction m xture by filtration
and the filtrate was concentrated under reduced pressure. The resulting
residue was purified on a silica gel 5 colum (dichl oronethane: acetone= 5:
1) to give 740ny of

(3S)-9, 10-di fl uoro- 2, 3-di hydr o- 3- met hoxynet hyl - 7- oxo- 7H-

pyrido[ 1, ZSBIQr@a[ét4ke@mze&ageaatﬁr@afegxzhlﬁo@%@d esambeqﬁéhemyas a white
powder. MS(ElI)m z: 339( M) El ementary analysis (o) : Calcd fo

G, 6H15F2hKEnsgﬁéﬁl@4mat%§1§§ w@ré 1§moE@HHQroﬁ gg)?SEng&félmlﬁtﬁr%G'yStep

2: In a simlar manner to Re?erence Exanmple 1,
di fl uoro- 2 3 dro 3- X | - 7- oxo0-7H pyrid , 2, 3
d, e][1, 4]ben%gxaz%ﬂg HQE%ESX¥FE% égldw3§h§9n8§¥§Fa%%%9Hﬁgerwéfdnggted to
gi ve 830ng of blséacetato %% %é% 9, 10-
di f I uor o- 2PBEAFRYAr 0- B Gret Fo% %y¥e$l%%% WRE PP dbigdoon-a silica gel
d,e][1, 4] benzoxazi ne- 6- carboxglato 06, O ] boron as a colorless 20 anorphous
product5 1eP N Chdighlosomegpaps @Hﬁpoze665¢s;>3ﬁp,g3y@97@§mg3ﬁﬁ, 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= 2.935&79120QdEEluébb724386ibgdro&3EmétﬁoH&meth&l27beo}HH—,
5.10-5.13 (m 1H) , 7.89 (dd, J =7. 3 Hz, 9. 3 Hz, 25 1H), 9.13 (s, 1H.
9 El ement apyranalysbs368 e [Cal¢dehobxei8HEEBE2ZNEB 0kyIH20a EHACLIG1

ester as a white powder.

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

10 Elementary analysis (%): Calcd for Ci;gHisFoNOs: 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] [1,4]benzoxazine-6-carboxylic acid ethyl ester (679mg)

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

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

d,e][l,4]benzoxazine—6—carboxylato—06,O7]boron as a colorless
20 amorphous product.

'H NMR(CDCl13):8 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).



H4.11, N 3.00; found: C 46.18, H 3.74, N 3.15. Reference Exanple 3 5

Synt hesi s of bis(acetato-O|[(3S)-3-acetoxynet hyl -9, 10-

di fl uoro- 2, 3-di hydro-7-oxo- 7TH pyrido[ 1, 2, 3-d, e] [ 1, 4]
benzoxazi ne- 6- car boxyl at o- 06, Q7] boron Step 1:

(3S)-9, 10-Di fl uoro- 2, 3-di hydr o- 3- hydr oxynet hyl - 7- oxo-

7H pyri dO[él@m@nQa?%r][ an4lpsnzoxari n@a@ceaEQQX& gfﬁ(,@gmgei hyl;,0 £t 616 ($,6nD)

was suspended i n anhydrous dichl oronet hane ( the suspensi on,
acetic anhydjiigde (368n9); apdund: dtn@ghyganhngpyaldhng (5.0my) were added
and the resulting mxture was refluxed for 1.5 hours while heated.
Subsequently, 15 the m xture was allowed to cool and was washed with water.
This was foll owed by drying over anhydrous sodi um sul fate and
concentratlon under reduc ressure. The resulting residue was suspended
i n ethanol %ﬁﬁr?ﬁ%esﬁ§%ﬁﬂg?o was filtrated to give 1.04g of

(3R) - 3- acetoxynethyl 9 10 dlfluoro 2 3- dlhydro 20
7- 0x0- TH p§ bP B . X &8 hyl ester
as a white powder. NB(EI)niz 367(N%) Elenentary analysis (o) : Calcd for
C1l7H15F2NG8ifQubb059, 3Hddh¢@ro-MN-8x817Hf punddoCl58, 35d,l14118] N 3.93. 25
10 Step 2:

benzoxazine-6-carboxylato-0°,0']boron

Step 1:
(38)-9,10-Difluoro-2,3-dihydro-3-hydroxymethyl-7~oxo-

10 7H-pyrido[1l,2,3-d,e]l[l,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 7T-oxo-T7TH-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 Ci7H;5F2NOg: C 55.59, H 4.12,
N 3.81; found: C 56.25, H 4.15, N 3.93.

25

10



In a simlar manner to Reference Exanple 1, (3S)-3-

acet oxynet hyl -9, 10-di f | uor o- 2, 3-di hydr o- 7- oxo- 7TH
pyrido[1l,2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid ethyl 5 ester (918ng)
was reacted to give 1.00g of bis(acetato-

0)[(3S)-3-acet oxynet hyl -9, 10-di fl uor o- 2, 3-di hydr o- 7- oxo- 7H-

pyrido[1, 258-¢, #] [ 1, 4] benzoxazi ne- 6- car boxyl at 0-06' 0' ] boron as a colorless
anor phous product. 1H NVR(CDC13): 5 1.83 (s, 3H), 2.03 (s, 3H), 2.08 (s,

3H), 10 4.44-4.54 : 4 d, Jnz , 1 4,89 (dd, J
e M, 12.7 HE" %E%?££g§$-%§§8é%n¥o1ﬁﬁfg§8§§%(5%%m§1g517.g%é&,39.3(rz,
1H), 9.17 1H) . t anal ysis (9 .. | cd_for C19H, 6BF2NO, 0

I vErp0: g%%?%%TeE%gfggg?hgﬁ?ginFSGﬁg§q€92§é§877H°§98%%‘N 2.95. 15

Ref erence Exanmple_ 4 nt hesi s of trans-3-cycl opropyl am nonet hyl - 4-
nethylpyrrBYFH@ﬂé1€@§%“4!9?©1'4]benzoxa21ne_6‘car oxylic acid ethyl

trans-1-Benzyl -4-net hyl - 3-pyrrolidi necarboxylic acid (4.04g) was dissol ved
i n di chboresethah®l8BonlyasToethisd ol givenl.004 ofabberipkkitetbH i m dazol e
(3.58g9) was added and the m xture was stirred at roomtenperature for 1
hour. Wile) [(B8) rRasteboxpnstye-vasocaalfedoeb-an3taenhbairb-7a025-7H-
di chl or onet hane sol ution (15nL) of cyclopropylamne (1.53nL) 11

pyrido[l,2,3—d,e][l,4]benzoxazine—6—carboxylato—06,O7]boron as

a colorless amorphous product.

'H NMR(CDC1l3): & 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, § = 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, 1H).

Elementary analysis (%): Calcd for CigH1¢BF2NO19*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)

11



was added dropw se and the m xture was stirred at room tenperature for 3
hours. Subsequently, the reaction mxture 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 mxture and the fornmed crystal was filtrated. The collected crystal
was t hen washedddetihdaophéxanehdi thepmnopyliret hes Bkxtrued amndreasm dried
under reduced pressure to obtain 4.07g of trans-I-benzyl-Ncyclopropyl-4

10 net hyl - Bepyerothdinesar Boxagrde asussdid e Ly YStIRL - re Mot 16AmPRL Ate
81-83C. M5 (El) mfz: 258(M+). Step 2: 15

trans-1-Bepzyl i Ne£ygl QPERPYLe 4 el Byl 5435 AYLLALT dhRegarhaxandey (3. 80g) was
y y t8snt) . To

suspended 1 n an rous tetrahydrofuran IS suspension, a

| ol / L tetrfg%grofur n solﬁﬁion of bo ang-tetrgh%drogurag conglex

(58.8nL) walladudd ahd YRS HPREuFRNGEECFRFFUXxBECFSr T8REGFs A6 RHI e

heat ed. _Subsequent a 2nol /L aqueous solution of sodi um hydroxide (35n)

Ly, | .
was added TBetﬁ%sP%géPgoﬁeﬁiQPﬁrEaénﬂryﬁﬁélﬁﬂ%?Grénmés refluxed for 4 hours
whil e heated. After concentration under reduced pressure, the resultant
resi due wasxene/déiedrwpphilt othenemi2tureoent) thad frhmetolyyssalswast ract s
wer e conbi ned. The conbi ned extract was washed with 12
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 1lmol/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



wat er, was dried over anhydrous sodium sulfate, and was then concentrated
under reduced pressure. The resulting residue was dissolved in

di chl oronet hane (50nL). To this solution, di-tert-butyl dicarbonate
(3.53g) was added and the m xture 5 was stirred at roomtenperature for 4
hours. Subsequently, the reaction m xture was concentrated under reduced

pressure padethewkgsybiblgovesi HHAyWRSUBUELHI G aR1&a%l, %%dQQAaSCthW
(hexane: et hyl acetate = 4:1 shifted to 1: 1) to obtain 3.07g of

trans- "be%?{éeﬁ%%{aﬁé?t SBHeP %%Xﬁéﬁb XEIs'h"r%yC'ﬂ%@&%ﬁ%&%rﬁ%due?)%

am no] net hy pyrrolidine as orl'éss” oi

345 2505 185 Soeno Vet ac a1 EBARE IR TN &“*r%t bur G 5 Borpf R

cyclopropyl)anlno]nethgl ].- 4- net hylpyrrolldlne 0g). was dissalved in
et hanol (5BATFerfoPrhys dbratPenate. 5% pap) a&fﬁ&rrﬁdééﬁibéﬁd( SOeny) k&g eadded
and the m xture was stirred at room 20 tenperature for 6 hours under a

hydr ogeh pressatérsed3ad xoomospapesabvagquéntl ¢, hohegscat hlysequastignoved
fromthe reaction mxture by filtration and the collected catal yst was
washed wi tthhet haaotiodhmikthteatvesapdntheatwaskdngnselrutriedncede pe ccatiziened
and the resulting residue was dried under 25 reduced pressure to obtain
2.12g of tsaastBelbébuleihgldesidue 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 Cy;H33N,Op (MH'): 345.2542; found:

345.2505.

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

cyclopropyl)amino]methyl]-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



but oxycar bonyl - N-cycl opr opyl ) am no] met hyl ] -4- met hyl pyrrolidine as a pale
brown oil. M5 (FAB+) mz: 255 (M#) . HRVS (FAB+) : Calcd for Cl4H27N202
(M) : 255.2073; found: 5 255.2079. Step 4:
trans-3-[[(N-tert-Butoxycarbonyl-N

cycl opropyl ) am no] net hyl ] - 4-met hyl pyrrolidine (2.07g) was 10 dissolved in
di chl or onephedeycaBbhyl-MaLle1bprsp§0) uhiAB1WaEhytgoked on an ice bath,
trifluoroacetic acid (5n) was added and the m xture was stirred at room

tenperaturﬁe{9§égy99g[§dinéfggracggggngggghogignder reduced pressure, the
resulting residue was dissolved in tetrahydrofuran (6m) and the 15

sol ution Was g#é?we%Jélf%§g?g@93yl3 hours at room tenperature. The

separated Cry was colTec filtration, followed by washing with
trane- 3 YRS ! BROT i SR A By py RHE i R AU GOEE | ¢ 20 aci ¢
salt. The salt product (2.37g) was dissolved in water (5nm), followed by
addi ti on 035%-%8@@aqueous sol ution of sodium hydroxide to adjust the pHto
14. The solution was then extracted with diethyl ether (2 x 501) and the
extracts were conbined. The conbi ned extract was then dried over 25
anhydrous sodi um sul fate and was concentrated under reduced 14
Step 4:
trans-3-[[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-4-methylpyrrolidine (2.07g) was
10 dissolved in dichloromethane (10mL). While this solution was
cooled on an ice bath, trifluorocacetic 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 trifluoroacetic
20 acid salt. The salt product (2.37g) was dissolved in water
(5mL), followed by addition of a 20% agqueous 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 660ng of trans-3-

cycl opropyl am nonet hyl - 4- net hyl pyrrolidine. 1H NVR(CDC13): 5 0.30-0.37 (m
2H) , 0.41-0.45 (m 2H) , 1.04 (d, 5 J = 6.3 Hz, 3H), 1.66-1.76(n1 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, 1§Qessgr@3(dﬂu33re§hf% ﬂé%faﬁg1w§§0pugl§9e&dg% élst§1ﬂatzon11 7
Ft, 1H), 3.10 (dd, J =6.8 Hz, 1H), Hz,

5 27 N Elgggg%gﬁﬁaagggygkgagug% tﬂggb%g}k $6E%§1§E§E?§E%xanplecé4gy§fhe?|s
f (3R 4R)- 3- I l : S 1

?3R(4R) Ao A S a%rasﬁ@gip%%%gﬁﬁ@%é%?' (6:27g) vas
suspended 1n di chl oronet hane Qh‘ :¥% To this sus enS|o

cycl opr opyltaliMe(RCIEH P &nd Hitor i28)aci® 4o 0- 45 (m, '2H), 1.04(d,
1-ethyl-(3- d|nethylanlnopropyl)carbodllnlde (12.2g) were sequentially

added ahd The fii Rttre WH$,sii bhed.db (mepodH)t eBpéBatuild (figr 1&)hodr.4.6 (dd,
Subsequently, the reaction mxture was washed with water, was dried over
anhydrous gsodivum Hsyl fate, Hapd1was then (aancentr gt.ed Hapdern .rredugedH) ,
pressure. 25 The resulting residue was purified on a silica gel colum 15
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 CoHi;gN,*2CF;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 (1l.76mL) and hydrochloric acid

20 1l-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: nethanol = 10:1) to give 3.32g of (3R 4R -1-
benzyl - N-cycl opr opyl - 4- et hyl - 3-pyrrol i di necarboxam de as a white crystal.
MS (EI) mz: 258 (M+). 5 Elenmentary analysis (o) : 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
simlar manner to Step 2 in Reference Exanple 4, 10

bevryl - Aeeyetoprapyhadomethyb:3y pyr gekkeddneegr bexanirgar(5.1529)
was reacted to give 4.16g of

(3R 4R) - 1-bepzyh =R-= L&&bbﬁ?&%y@“@0%¥Eﬁ§@0@¥by§&6i§ﬁ?ﬁé@9¥b¥xamlde as

(3R 4R) - 1-

am no] net hyl ] - 4 nethylpyrro

345. 2585.

345

idine as a pale brown oil. M (FAB+) niz
(MH) . 15 £ ?@t Cal cd for C21H33N202 (M) : 345.2542; found
ep 37 fna Simlar manner to Step 3 in Reference Exanple 4,

(3R 4R) - 1-
cycl oprop

2.88g of (3R 4R)- 3- [[(N—tert but oxycar bonyl -

N-cycl opr oﬁx?l}léﬁﬁﬂéynéflﬂwfla E1 hyFﬁ}P@loﬁpa. Reat220a0 3 EABHA)- 381z H B2 & v+)
. 25 HRVB (FAB+) : Calcd for Cl4H27N2Q2 (M) : 255.2073; found: 16
255.2070. N 10.84; found: C 74.46, H 8.67, N 10.72.

10

15

20

25

Step 2:

In a similar manner to Step 2 in Reference Example 4,
(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 (MH").
HRMS (FAB"): Calcd for Cy;H33N,0, (MH'): 345.2542; found

345.2585.

Step 3:

In a similar manner to Step 3 in Reference Example 4,
(3R, 4R) -1-benzyl-3-[[ (N-tert-butoxycarbonyl-N-
cyclopropyl)amino]lmethyl]-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 (MH').
HRMS (FAB"): Calcd for Ci4HpN20, (MH'): 255.2073; found:

16
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Step 4: In a simlar manner to Step 4 in Reference Exanple 4, 5
(3R, 4R) -3-[[(N-tert-but oxycar bonyl - N-
cycl opropyl ) am no] net hyl ] - 4- met hyl pyrrolidine (2.78g) was reacted to give
730ny of (3R 4R)-3-cycl opropyl am nonet hyl - 4- et hyl pyrrolidine. Specific
rotation: +74.6(c=0.648, nethanol). 10 Elenentary analysis (% : Calcd for
CgH18N2 2CG-8€OewtioC 40.84, H 5.27, N 7.33; found: C 40.73, H5.26, N 7.36.
Ref erence Exanple 6 Synthesis of (3S,4S)-3-cycl opropyl am nonet hyl -4- 15
met hyl pyrrolidine Step 1: In a manner simlar to Step 1 in Reference
Exanple 5, (3S,4S)-1-benzyl -4-nethyl-3-pyrrolidinecarboxylic acid (14.5q)
was reacte ttongive 6.33g of (3S,4S)-1-benzyl-N 20
cycl opropy =R thyl - 3-pyrrolidi necarboxam de as a pale brown crystal. M
(El') mz: 258 (Mt). Elenentary analysis (o) : Calcd for CI6H22N20: C 74. 38,
H 8.58, N 10.84inf3uptlEaynganey BopBleR io??136§8rﬁ?cgtgﬁaﬁpl?n4a
manner simlar to Step 2 in Reference Exanple 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 CgHigNp *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 (3S,48)-3~cyclopropylaminomethyl-4-

15 methylpyrrolidine

Step 1:

In a manner similar to Step 1 in Reference Example 5,
(3S,4S)-1-benzyl-4-methyl-3-pyrrolidinecarboxylic acid
(1l4.5g) 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 CjgHy;N,0: 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-cycl opropyl -4-nmet hyl --3- pyrrolidi necarboxam de
(6.13g) was reacted to give 4.67g of 5
(3S,4S)-1-benzyl -3-[[ (N-tert-but oxycarbonyl - N-cycl opropyl)

am no] net hyl ] -4-nmet hyl pyrrolidine as a pale brown oil. M5 (FAB+) nmlz: 345
(M) . HRVS (FAB+) : Calcd for C21H33N202 (M) : 345.2542; found:
345.2547. 30efStep 3: In a simlar manner to Step 3 in Reference Exanpl e 4,
(3S,4S)-1-benzyl -3-[[ (N-tert-but oxycar bonyl -

cycIOprOpyl)an1npingtﬁyhieﬂ §§&DYEPYE605th”§ &A #&gkrasc1bxhRpaLed, to
give 3.05g of (3S,4S)-3-[[(N-tert-butoxycarbonyl

N- I FAB+) m 255 (M

. ﬁé‘&s"%/‘i@%&??‘%ﬁ fERaLe 14128%%58%%24 1By 1D, (FAB:) iz, 255 ()
St 4: | i m Ref npl e 4,

(35, 45) - 3”rf?fié?‘é??frl%ﬁ%@%a%s%ﬁy?@ nd&y81 BRPoByT o hO) O1ve 4-675 of

met hyl ] -4-neth yrrolidine (2.859) was reacted to give 1.21g 25 of

(3S, 4S)23- &§%r%éfobybaﬁ?ﬁénérﬁ&|Na REERYREYRY 6RTBPRE L -8 C¥EeOPEPP YOt at i on:

-74. 5(c 0. 62, nethanol).
amlno]methyl] —-4-methylpyrrolidine as a pale brown oil.

MS (FAB*) m/z: 345 (MH").
HRMS (FAB"): Calcd for C,;H3sN,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]methyl] -4-methylpyrrolidine.
MS (FAB') m/z: 255 (MH').
HRMS (FAB"): Calcd for Ci4Hp7N20p, (MH'): 255.2073; found
255.2075.

20
Step 4:

In a similar manner to Step 4 in Reference Example 4,
(3S,48)-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



El ementary analysis (o) : Calcd for COHL8N2. 2CF3COOH:. C 40.84, H 5.27, N
7.33; found: C 40.80, H5.18, N 7.39. 5 Reference Exanple 7 Synthesis of
ci s-3-cycl opropyl am nonet hyl - 4-met hyl pyrrolidine Step 1:

ci s-1-Benzyl - 3- hydr oxy- 4- net hyl pyrrolidine (6.81g) was dissolved in

di chl oronet hane (70nL). While this solution was 10 cooled on a dry

i ce/ acet ongpbat hi ct Fbehhybam neq(5e2kab) evasneafdgda ) Vet hanesul f onyl
chloride (2.89nL) was then added dropwi se and the m xture was further

stirred fo r.., Followi ng, addit.ion of water (5( , >t erat ure of
The | mxt CPLOTRRCARY onga T5L PP RN cCraB FelmEr kel @ GsRE oA, 1hF
di chl oronet hane | ayer_ was separated. The agquequs |ayer was extracted with
dichlorone%hgﬂe +5%n€§'a§8uPﬁe gxgaagg’masg‘ggnbyngd%ﬁrth t he

di chl oronet hane | ayer. The conbi ned dichl oronethane | ayer was then washed
with water, followed by drying over anhydrous sodi um sul fate and
concentration under 20 reduced pressure. The resulting residue was

di ssol ved RafeneecenExamnpée(180nL). To this solution, tetrabutylamoni um
cyani de (23.99g) was added and the m xture was refluxed for 7 hours while
heat ed. Subgethesibyoftbesreacycbophrbpyliafinasetboicanineahgdpyraden ineadueced
pressure and the resulting residue 25 was dissolved Iin ethyl acetate
(300m.) . Theegoiution was 19 washed with water, was dried over anhydrous
sodi um sul f at e,

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

19



and was concentrated under reduced pressure. The resulting residue was
purified on a silica gel colum (hexane: ethyl acetate = 1:1) to give
4.61g of cis-Il-benzyl-4-nmethyl-3 5 pyrrolidinecarbonitrile as a brow oil.
IR (neat): 2240, 1496, 1454 cm. M5 (EI) m(z: 200 (Mt). Step 2: 10 Lithium
al um num hydri de (80% 3.89g) was suspended in diethyl ether (90nL). While

the suspenghoRc¥asi EROKEH:ON R8s Hegchableraafdhohb¥lisethan ugokutiraRe(25nL)
of cis-I-benzyl-4- nethyl-3-pyrrolidinecarbonitrile (4.11g) was added

dropwi se angd {he %ﬁ&é’ﬁ@r%@dsbhﬁ%ggr@EuEQBU}gggggtE%@t.ur'f’hé Ofedufog, 15

While the reaction m xture was coo on an i a saturated aqueous

sol ution of sodium hydrogen.carbonate, (8nlL) s carefylly_added, dropw se.
Fol | owi ng ﬁ??ﬁaF%nwﬁ%tﬂug%e%ﬁ |One?hS%S%EBO%E??CP§E8PugF8¥ﬁBFerF£g¥9were
collected by filtration and were washed with diethyl ether. The filtrate
20 and t he®W&SAFRg™sof it i bR GeVe foRbPned Shd-tnkeRaWbiAsletEslation was
concentrated under reduced pressure. The resulting residue was purified on
a silica geyreeliughnecpshanétrélpyhsagebapwn=0ill shifted to ethyl acetate:
met hanol = 10:1) to give 2.35g of cis-I|-benzyl-4-nethyl-3 25
am nomet hyIRy(neat il n2248, alpabe yeébhowmdi.l . 20 1H NVR(CDC13): 5 0.94 (d, J
= 7.3 Hz, 3H , 1.09-1.66 (br, 2H) ,

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-l-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-l-benzyl-4-methyl-3-

25 aminomethylpyrrolidine as a pale yellow oil.
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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:

ci s-1-Benzyl - 4- et hyl - 3- am nonet hyl pyrrolidine (1000ng) was dissolved in
met hanol (1 Om). Wiile this solution was 10 cooled on an ice bath,

benzal dehyde ik RO, was added (Lr opwi se NG,  ha i Xt W Wass St 1 egyat
roomtenperature for 1 hour. Subsequently, sodlun1cyanoborohydr|de (184ng)
was added,a Xtuge r at ..k 00 erat yre 1,5 hours
Thi s was fof?gméggb;ha_szé%mg§éd%“?lg% O?Hgbd?u%?gg %§a 0 o%gﬁydrlge
(123ngy) an irrin i tiqnal hours. _Subsequ |y noj L
aqueous so? %oﬁ ofggg ng §880xgde ?5§L¥ZWa§2 gd@&'tgHé Qrggct

m xture and the mxture was refluxed for hours whi |l e heat ed. Follomnng
concent r atTon- 8ndar i%dacﬂérpﬂﬂésu?e96rﬁeoﬁe§@bt?ngrésﬁ@uészo 2R
extracted with toluene (2 x 30nL) and the toluene extracts were conbi ned.
The conbi néd2teludbe (hayeH)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 colum 25 (hexane: ethyl
acetate = 4:1) to give 690ng of cis-1-benzyl 21
3-benzy|angﬂggeghyl-4-nethylpyrrolidine as a pale yellow oil.

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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M5 (EI) mz: 294 (M¥) . HRVS (EI) : Calcd for C20H26N2 (M+) : 294. 2096;
found: 294.2110. 5 Step 4: cis-I|-Benzyl

- 3- benzyl am nonet hyl - 4- net hyl pyrrol i dine (680ng) was dissolved in nethanol
(7m.). To this solution, nolecular sieves 3A (700ng), acetic acid
(1.32nL), [1- (ethoxycyclopropyl) oxy]trinethylsilane (1.85n), and sodi um
10 cyanoboB-ebydz y Hem{ 430aghy el emaddetipandol béinextur e pase yeflluwedifior 4
hours while heated. Insoluble materials were <collected by filtration and
wer e washedsw ih) ngyhanpbgs The  filtrate and the washing solution were
conbi ned and the conbi ned organic | ayer was concentrated under reduced 15

pressure. 1%[ éh?E psubLing £8§'€20%61\Y"9(W Wg§4".i§§ (f’%éd bk W?@ by
(0] (0]

addi tion a 2nD /L aqueous so Ut Forf ‘of ' Sodi um drOXI eto na e the

m xture basic. The nlxture was then extracted mnth tol uene (2 x 50nL) and
the extracts were conbined. The conbi ned tol uene | ayer was then washed
with 20 water, was dried over anhydrous sodium sul fate, and was then
concent? at 8&eRindier reduced pressure. The resulting residue was purified on
a silica gel colum (hexane: ethyl acetate = 4:1) to give 648ng of

ci s-1-benzyl - 3- ( BHiberizBen¢ly ¢ ey Damiammedriet Iyl -k thet Ty pyo kiodine ne as
a colorless oil. 25 M5 (ElI) mz: 334 (M+). 22 HRVMS (EI) : Calcd for
C23H30N2 ( M3 0mgB3kal489ssbbuad: i33AePUBBo]l (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 aqueous 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-l-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-Il-Benzyl-3-(Nbenzyl -Ncycl opropyl )am nonethyl -4 5

nmet hyl pyrrol i di ne (640ng) was dissolved in ethanol (1Or). To this

sol ution, 10% pal | adi um carbon (500nmg) and chloroform (0.77nm.) were added
and the m xture was stirred at 50C for 7 hours under a hydrogen pressure
of 3.9 x 105Pa. Fromthe reaction mxture, the catalyst was coll ected by

filtrationydfisapgspascupshedow Enehinane) . The, &nbbrakguﬂad 5Rg  waghl ng

sol ution were conbi ned and the conbi ed organi ¢ |ayer was concentrated
under reduced pressure. To the resulting residue, water (2nL) was added,
foll owed by addition of a 2nol/L aqueous sol ution of sodi um hydroxide to
make the m xture 15 basic. Sodium chloride was then added to the m xture
for saltlﬁ Bu% and the m xture was extracted with diethyl ether (2 x
25m) . The di et hyl ether extracts were conbined and the conbined diethyl
et her layer was @riised -dResrz vl drbuze sl thin ¢ el drit @p whicewasonehiceht 4 at ed
under reduced pressure. The 20 resulting residue was purified on a silica
gel col ammethekanerotitiyheacét bing) =wdsldshisbfieddt andethbopdndillané:.. To
met hanol = 10:1) to give 124ng of cis-3-cycl opropyl

am nonet hyth#s neb byt pyh| ol 0di pel1asdaufpaktarbbawm500hg) MendCthl ooZorkS5
(MH) . 25 HRVMS (Cl+) : Calcd for COHLION2 (M) : 155.1548; found: 155.

1553. 23 Repeiehtf FXABPLEA8d 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 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 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 CgHigN,(MH'): 155.1548; found: 155.1553.
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Synt hesi s of (3R, 4S)-3-cycl opropyl am nonet hyl -4- net hyl pyrrolidine Step 1:
5 (3R, 4S) - 1- Benzyl - 3- hydr oxy-4-nmet hyl pyrrolidine (4.00g) was dissolved in
di chl oronet hane (40m.). While this solution was cooled on a dry

i ce/ acetone bath, triethylam ne (3.06nm) was added. Mt hanesul fonyl
chloride (1.70nm) was then added dropwi se and the m xture was further
stirred foreflehotite BRafpléori Nng addition of water (40mL), the tenperature
of the mxture was allowed to rise to roomtenperature and the

di chl or omeg hiapgek 8y €p £ VRSR S 5L 8L 8dc1 IPBoBYUSANE MY Ry 1WAS extracted with
di chl or on®e X he
dichlorongi@ggglgﬁyggi-J@g conbi ned 15 di chl oronet hane | ayer was then
washed wit » by drying over anhydrous sodi um sul fate and
concentrat%gn u$ger reduced pressure. The resulting residue was di ssol ved
in N, N difetHytformani de (120nL). To this solution, tetrabutylammoni um
cyani de_(5.53g) and sodi um cyani de (2.05g) 20 were_added and the m xture
was stifred at 80RfHP) 15 PoRr¥l-3uipdequent rpethkéryesetionngi xtuPBIhas
concentrated under reduced pressure and water (50m.) was added to the
resul ting vassitdseolTed mmxdiucklonsmerhanet ¢dOmidh ditet byl tiet hesol@tkon
200mL) . The diethyl ether extracts were conbi ned and the 25 conbi ned
extract wasawasbelleti bh a daputatédcagureusashl utroatB¢lamine (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 sodiumchloride, followed by drying over anhydrous sodium sulfate and
concentration under reduced pressure. The resulting residue was purified
on a silica gel colum (hexane: ethyl acetate = 4:1) to give 3.32g of

(3R, 4S)-1 5 benzyl -4-nethyl -3-pyrrolidinecarbonitrile as a brown oil. 1H
NVR (CDC13) :5 1. 22 (d, J =7. 3 Hz, 3H , 2. 12 (dd, J 8. 3 Hz, 9.3

Hz, 1H), 2,855 m e o in edn Totrs® siddi -3
o 1{3, 3_%9 8d§$ (Ehlékad @91§S§éd(gy é§®25%7%§5Q(Q h% 610 % F%)

mz: 200 (%tif§$gpandtﬁovgggkg5£§ nTRAASL %8d§ r||gr8§s§%%ere?§g Exanpl e 7,

(3R, 4S)-1 - Frofidrnecar boni t was reacted
to obtain 2. 98 of (3S, 4 I-benz - 4-, | -3- ,am none hyI rrolldlne 1H
SRR E L U a%

NVR (crxns?es% Bingsregidye—vwas g 3. sp3icgq9e
Hz, 1H), 2 11-2.26 (m 2H), 2.31-2.43 gn1 1FD 2.58 (dd, J = 8.3 Ft, 12 2
Hz, 1H), 2(B9xed@d: gthyk geppater=24fg IH)glvz0323§g-9f023€nﬁszﬁﬂ 3.60
(s,2H), 7.22-7.33 (m 5H). Step 3: In a simlar manner to Step 3 in
Ref er ente Ex=anpledfmethi85-4Spykrbéndyhedambbhyltr3lanasomebrywpoy oidl.i di ne
(2.80g) 25 was reacted to give 3.49g of (3R 4S)-I|-benzyl-3 25
benzyl am nmaiNy|cEemgt:y -2 r@,i & ne.7.3 Hz, 3H), 2.12 (dd, J = 8.3 Hz,
9.3 Hz, 1H), 2.45-2.57 (m, 1lH), 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 (3S,4S)-l-benzyl-4-methyl-3-
aminomethylpyrrolidine.
'H NMR(CDC1l3):8 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, 1H), 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,
(3S,4S5)-1-benzyl-4-methyl-3-aminomethylpyrrolidine (2.80g)
25 was reacted to give 3.49g of (3R,4S)-1-benzyl-3-

25



M5 (EI) mz: 294 (M¥) . HRVS (EI) : Calcd for C20H26N2 (M+) : 294. 2096;
found: 294.2072. 5 Step 4: In a simlar manner to Step 4 in Reference
Exanmple 7, (3R 4S)-1-benzyl-3-benzyl am nonet hyl - 4- met hyl pyrrol i di ne
(3.40g) was reacted to give 3.72g of ( 3R 4S)-1-benzyl-3-(N

benzyl - N-cycl opropyl ) am nonet hyl - 4- et hyl pyrrolidine. 10 M5 (FAB+) ni z:
335 (MH) pehRWBafEh¢met Bl cd-hetnG2353EN3 14 Mty .: 335. 2487; found:
335.2503. Step 5: In a simlar manner to Step 5 in Reference Exanple 7, 15

(3R, 4S) -1 -henzyty 35 N: begzylyN- cycl opropyl ) am nonet hyl - 4- met hyl pyrrolidine
(3.60g) was reac{ed to give 1.29g of

0

(3R, 49) - 3- o] yl am yh- 4- met hyl py | Ldi,ne. - V& .(CLt) ~~155
(M) . H %CEQ?PT @g}ggn?%? ?@ﬁﬁ%ﬁé“?kﬂ+?§?-E§E?'1§2§?dro%§é?5§§§: 15309.
20 Reference Exanple 9 Synthesis of (3S,4R)-3-cyclopropyl am nonet hyl - 4-

met hyl pyrrolidine Step 1: 25 In a simlar manner to Step 1 in Exanple 8,

(3S,4R) -1 26 benzyl - 3- hydr oxy-4-net hyl pyrrol i di ne (4.629g) was reacted to
gi ve 3.97¢gSB$P (485, 4R) - 1- benzyl - 4- net hyl - 3-

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 3.72g of ( 3R,4S)-1-benzyl-3-(N-
benzyl-N-cyclopropyl)aminomethyl~4-methylpyrrolidine.
10 MS (FAB") m/z: 335 (MHY).

HRMS (EI): Calcd for Cy3H3 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 CgHigN, (MH'): 155.1548; found: 155.1539.

20
Reference Example 9
Synthesis of (33,4R)-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 NWR (CDC13) : 5 1.22 (d, J = 6. 8 Hz, 3H) ,
2.13 (t, J =9. 3 H, 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 simlar manner to Step 2 in Reference Exanple 7,
(3S, 4R) - 1- benzyl - 4-met hyl - 3-pyrrolidi necarbonitrile (3.00g) was reacted to

ive 1.44 4 1 qaALNQuELhY lindi
(e e Rt o e R E k2t o 505 e

f d: 204..1614. 3 kg S 3 in Ref
Exanpl e 7.0 1SR 18 210k ay T 40 bt Ry E o RBREEhy Payr 1ol  dine (1. 06g) 20

was reacted to ige 1.20g of %3? 4R) - 1- benzyl - 3

benzyl am rBREE DT IRREERSPRIFFOLEdi ne.  NB (E1) miz: 204 (M) . HRVB (E)

Cal cd for 1C:20H26N2§ Mt) @ 294.2096; found: 294.2106. 25 27 Step 4: In a

simlar mafhéMB Eidsp 22 iln 2Ref@renkc e Bedpize AH), 2.13 (t,J = 9.3 Hz,

(3S,4R) - | - benzyl - 3- benzyl am nonet hyl - 4- et hyl pyrrolidine (1.40g) was

react edSt olg) ve214558.bb (8BS, 4R) .| 2béhzyl 63- (N, 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 give 1.44g of (3R,4R)-1-benzyl-4-methyl-3-
aminomethylpyrrolidine.

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

15 HRMS (EI): Calcd for CiszHyoN,(MY): 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 (1.06qg)
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 CuoHueN, (MT): 294.2096; found: 294.2106.

25
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5 benzyl - N-cycl opropyl ) am nonet hyl - 4- et hyl pyrrolidine. M (FAB+) ml
(MH+) . HRVS (EI') : Calcd for C23H31IN2 (MH+) : 335.2487; found: 335.2
Step 5: 10 In a simlar manner to Step 5 in Reference Exanple 7,

benzyl - 3- (N- benzyl - N-cycl opr opyl ) am nomnet hyl - 4- et hyl pyrrolidi ne
(700mg) was reacted to give 215ng of

(3S, 4R) - | -
(3S, 4R) - 3-

syepopt opyl am nonet hyl - 4-net hyl pyrrolidine. M5 (Cl+)nfz: 1

(MH+) . 15 HRVB (Cl+) : Calcd for COHLON2 (MH+) : 155.1548; found: 15

1510. Reference BxaapsenifaSymhiheststof stepns- 3ncrekepenpy! aghpgmet hyl - 4-
tr|fluoronethylpyrrolld|ne 20 Step 1: In a simlar manner to Step 1

Exanpl e 4,

(3.00g) was reac

trlfluoro

trans

3ér§ﬁf % ?gﬁé 1= 35%h£§9$ﬁ9ﬂ8ﬁ@¥%y%—@¥&thy?b9§98&98§¥%'C

0. 75! “%é (5 peaChogies o550, (r?%gm%H bt é?’%mz %éz

J = 9.3_Hz

3.10-3. 22 = 13.2 H , 3.68 (

d
12.7 HS 1¢&HZY% %acgc%@pfﬁpygﬁﬁwanWeEBY§ ésmeﬁbyépyrr9159éaez In a

simlar manner Step 2 in Exanple 4, trans-1-

10

15

20

25

MS (FABY) m/z: 335 (MHY).

z: 335

498.

55
5.

in
aci d

.46 (m
795 (t,

d, J

HRMS (EI): Calcd for C,3H3 N, (MH®): 335.2487; found: 335.2498.

Step 5:

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.

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

HRMS (CI%): Calcd for CgHioNp (MH*): 155.1548; found: 155.1510.

Reference Example 10

Synthesis of trans-3-~cyclopropylaminomethyl-4-

trifluoromethylpyrrolidine

Step 1:

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

'H NMR(CDCl3):5 0.42-0.46 (m, 2H), 0.75-0.79 (m, 2H), 2.64-

28
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benzyl - 4-trifluoronethyl-3-pyrrolidi necarboxam de (3.21g) was reacted to

give 3.37g of trans-1-benzyl-3-[[(N-tert-
but oxycar bonyl - N-cycl opr opyl ) am no] net hyl ] -4- 10

trifluoromethylpyrrolidine. M5 (FAB+) mz: 399 (M#) . HRVS (FAB+) : Cal cd

for C21H30F3N202 (M) : 399.2259; found: 399.2254. 15 Step 3: In a

simlar mapn S 35 appl e 4, ans- _
benzyl-3-[?(Kétggf-%ﬁféx%égggghgp-ﬁg' 1 2N%55 (¢, g = 9.3 Hz, 1m),

cremop ol UL AL 0, 3 s oot

anino]neth¥£]-4- trifluoronethylsyrrolidine. AB+) nfz: 309 (MH)

HRVE (FAB+2:7CBFcdlRor E14RparFs
29 Step 4: In a simlar manner to Step 4 in Exanple 4, trans-3-

[[(N-tert-butoxycarbonyl-N-cycl opropyl)am no] net hyl ] - 4-
trifluoronethylpyrrolidine (2.30g) was reacted to give 992ng 5 of
trans- 35cy8teprdpyl am nonet hyl -4- trifluoronethyl pyrrolidine. 1H
NVR(CDC13): 5 0.29-0.33 (m 2H),

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]lmethyl]-4-

10 trifluoromethylpyrrolidine.
MS (FAB*) m/z: 399 (MH").
HRMS (FAB*): Calcd for CH3oFsN,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]lmethyl]-4-
trifluoromethylpyrrolidine.
MS (FAB') m/z: 309 (MH').
HRMS (FAB*): Calcd for CiqHa4F3N,0, (MH'): 309.1790; found:
309.1783.

25

29

VS (F .
2é§r(mﬂﬁjr:7sééf%7§é;(Wouﬁﬁﬁ' 309. 1783.
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0.42-0.46 (m 2H), 2.10-2.15 (m 1H), 2.30-2.39 (m 1H), 2.41-

2.53 (m

1H), 2.62-2.71 (m 2H), 2.83 (dd, J= 6.3 Hz, 11.7 Hz, 1H), 3.10 (d, J =

6.8 Hz, 2H), 3.18 (dd, J= 7.8 Hz, 10 11.7 Hz, 1H). Elenentary

anal ysis (

0) : Calcd for CI9HL5F3N2. 2CF3COOH. C 35.79, H 3.93, N 6.42; found: C

35.82, H 3.90, N 6.59. Reference Exanple 11 15 Synt hesis of
(3R, 4S) 3-sy&hopr opyl am nonet hyl -4- fl uoropyrrolidine (Process

(1)) Step 1:

(E)-3- Benzyloxypropenyl (I R) - canphor sul tam ( 21. 69) was dissolved in
di chl th 20t r nk). To
thi's sol ution, N7rb ”%%@5%%%ﬁ@?ﬁﬁ€ft??n%%%éfﬁ. %éﬁ%?%anf(gr%%é 5 was

added dropw,se,_and the m xture
ErLRs

T xtur e vkl ULgheneTAN o R HARFBEm TN 5Y§2?8F8Pxé aaa%iglegﬂrfﬁ
hydr ogen carbonate (2 x 200mL) and then _25 with water (200m),

The
3n of sodi um
fol | oned by

dryi ng oveFrhﬁh?ﬂF%%%tQBHPMﬁ¥9blQHPFaﬁ% 3Rd) cAEeReRGERBNtaNEdVer 8d6REd
pressure. The resulting pale yellow oil was dissolved in diethyl ether

(150m.) S andf t hearet gt cyalomsonylemedomnetyand-for 18 hours at
tenperature. The crystal forned was collected by 5 filtration,

room
was washed

with di et hytiglheromandywagrtbenddneed H umdrtCpeticed pr £5%+0 £33 o(1j VEH) ,

11.5g of N-[[(3S, 4R) - benzyl -

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
11.7 Hz, 1H), 3.10 (d, J = 6.8 Hz, 2H), 3.18 (dd, J=

10 11.7 Hz, 1H).

.3 Hz,

7.8 Hz,

Elementary analysis (%): Calcd for CgH;5F3N,*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,48)-3-cyclopropylaminomethyl-4-

fluoropyrrolidine (Process (I))

Step 1:
(E) -3-Benzyloxypropenyl-(1lR) —camphorsultam (21.
dissolved in dichloromethane (300mL) containing

20 trifluorcacetic acid (0.l11l6émL). To this solution, N-

6g) was

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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benzyl oxypyrrolidin-3-yl]carbonyl]-(2"S)-bornane-10,2-sultam as a white
crystal. The filtrate and the washing solution were conbined and the
conbi ned organic |ayer was concentrated 10 under reduced pressure. The
resulting residue was purified on a silica gel colum (eluant =

cycl ohexane: ethyl acetate = 4:1) to obtain additional 8. 489 of

N-[[(3S, 4R abeng¥l 244 concentration under reduced pressure.
benzyloxypyrrolldln-3-y|]carbony|]-(2'S)-bornane-l 2-sul t am 1H NIVR( CDC13)

2980(§ei%t%lnglg§ge(§g%§%%doi -§§§1E§§séﬁgeé?§n1gl gh%é§@t§eg6 (n]

3 9 He,
3.42-3. 51F2%?&%ﬁ§ £§g65g% %21uEﬁ?h2W§s %E%BWES 9= f%a?gH§fr 3855F%&S fr
11.7 Hz), 4.63-4.66 (m 1H), 22-7.31 (m 10H). 2: Lithium

alunlnun1h?ﬂ@mdEeTBﬁ@&tBrg6gf”%%$c%h%%%hd@@FW?ﬁ W%§r%%yh?%¥%¢aEY(170nL)
Wi | e the suspension was cooled on a sodiumchloride/ice bath, a

t et rahydr of uttnatboduni i vas(B8E6hEY RHtbf diethyl ether, and was then dried
N-[[(3S, 4R) - benzyl - 4- benzyl oxypyrrolidi n-3-yl]carbonyl] 31

(2'S)-bor nanee#0r2dadbtiaprédSudg) twagiadded . dgopwi Se [dnadSt RR) -ivextzytle 4was
stirred at -5C or below for 1 hour. Subsequently, water (34nL) was

careful |y @Qﬂgylgk9fyk§61ialhhg 9&¥Eﬁ&§onyh@3QbU§|eb6&h§hbah© Pei@ltam
collected by filtration and were 5 washed with ethyl acetate (2 X 400mL)
The f'ltra£§ Qnghigg 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(CDC1l3): & 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]lcarbonyl]-
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washi ng sol utions were conbi ned and the conbi ned organic | ayer was
extracted with I nol/L hydrochloric acid (2 x 500m.). The hydrochloric acid
extracts were conbi ned and a 30% aqueous sol ution of sodi um hydroxi de was
added to make the 10 conbined solution basic (pH 14). The m xture was then
extracted with diethyl ether (2 x 500nmL) and the diethyl ether extracts
wer e conbi n2ts) Thernanbihéd2dselhyhn élhelqg)| ager addsdcdneentsat addunder
reduced pressure and the resulting residue was purified on a silica gel

colum (eldartutd wabexanere@t Byl -gcet atepz1diwlrot019h¥ar9. 9@ 8quently,
(3R 4R) - (I - benzyl 4- benzyl oxypyrrolidin-3-yl)methanol as a pale yell ow

0" 1H N %i4m§ptwgg ga§éfﬁﬂ}ylg%ded2?§§p@§ge %glggé géxgﬂgé.kh

2.68 , 1H),
22}8 (dd fgéo%H%tE miBeglﬁ%s Q%ﬁe coil%g&eék%87f%agaa% oh agégy%rgt4 ﬁt4

25 32 S 3: P A):
%3% Z%O (Faﬁéhf9lWitEeﬁg%V6x959F?5F|é?n §005% net%%%o¥£f©r%@%)£§g§€§e( )

di ssolved in ethanol (100nmL). To this solution, 10% pal | adi um car bon
(2.00g) we¥asbied apduthens wexeucempasedt ppdetihat coOLined 2IgRodcs under a
hydr ogen
layer was extracted with 1lmol/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 (CDC13): & 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).

25
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pressure of 3.9 x 105Pa. Subsequently, the catalyst was collected fromthe
reaction mxture by filtration through a Celite pad. The collected

catal yst and the Celite pad were washed with ethanol. The filtrate and the
washi ng solution 10 were conbi ned and the conbi ned organic | ayer was
concentrated under reduced pressure. The resulting residue was di ssol ved
in ethanoIS£490§L), foll owed by addition of 10% pal |l adium carbon (2.00g).
The m xture was then stirred at 50C for 20 hours under a hydrogen pressure

of 3.9 x 105Pa. Subseguen : tal yst s.collected from,the
reaction nixture§ 9ce??lfé ?iéﬁét%ggagﬁ*EG%%V%?Q‘Bﬁa?YiﬁéyeaFFsgbgd"‘3‘
catal yst an the Celit d were shed with ethanol. The filtrate and the
washi ng soygf?ﬁghﬁﬁ?i é§n§8ﬂédwaﬁdg?ﬁéoggﬁﬂiﬁ8d65%6§ﬁ#c(ﬂ§9gp)'mago this
concentrated_under reduced pressure. The resulting 20 residue was dried
under redu%@Hubiéésuiﬁ%tBa659619m7¢9rbpn (2.009) was added and the

(3R, 4R) - (4- hydroxypyrrolidin-3-yl)nmethanol. 1H NVR (DVBO-d6) : 6 1.96-2.03
(m 1H)S 2mbdtgdd, wdsldtbrked BL550MHZ, folH) 212h68r6ddndézla. Gydzogenl 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, gbedsliPedoriz3.9.3 HoPdH) subsEhudittl W =thed ddalbeslt Hds 3. 90 33
3.93 (m 1H). Sodi um hydroxide (2.70g) was dissolved in water (25nL) and

di oxane (legi)ewpsqaddssl the thhet$8huhkQRure3BvARi164ation through a
hydr oxypyrrolidin-3-yl)nmethanol (1.00g) was disSolved. Wile

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-dg): & 1.96-2.03 (m, 1H), 2.61 (dd, J=11.6 Hz, 5.5
Hz, 1H), 2.68 (dd, J=11.6 Hz, 3.1 Hz, 1H), 2.91 (dd, J= 11.1
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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5 the solution was cool ed on an ice bath, carbobenzoxy chloride (0.97n)
was added dropwi se. The m xture was stirred at 5C or below for 1 hour,
foll owed by dropw se addition of carbobenzoxy chloride (0.97nL). The

m xture was further stirred at 5C or below for additional 1 hour and 10
car bobenzoxy chloride (0.97nm) was subsequently added dropw se. This was
foll oned by.ss8i(mj ngHf or 1 hour at 5C or bel ow and another 1 hour at room
tenperature. Subsequently, the reaction mxture was extracted with

di chl or omet hane &4 xum 10P8EIx1dEe (8 gby preaBt HapsoexbhachswyeEe ¢9BhtNed,
and the 15 conbi ned di chl oronmet hane | ayer was dried over anhydrous sodi um

| fat - T | £ id
sul e and,es: conceni ated yadet netucol gste,, TIF sl 1A ool due

was purifie el uant exane:” e h;? acetate = 1:1
benzy | oxy CaTBONSYRAERG R SXYRIT IOl K200 | heORdhor2as 3 SRFky - e be
tar-Iikg prgducti N? (E&g niéélzgl gN%).ilg NQR£CDC13£ E SZg.OSE%.gO_gbr
+m 2H)°, phegsolypipprwagpgooledopn @l 1ge1haphy caybgbppzoxy) chiogsded: |
J=11.1Hz, 5.5 Hz, 25 1H), 3.59-3.76 (m 4H), 4.23-4.33 (br, 1H), 5.12 (s,
2H) , 34 7(089TmRBH vas 5&wedpdgggggs¢5)ﬂhe mixture was stirred at 5°C
(3R 4R) - [ 1- benzyl - 4- benzyl oxypyrrol i di n-3- yl]nethanol (10.0g) was
di ssol ved on ielbandbr(20Ral)y, Tollowed 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 Dbenzyloxycarbonyl-4-hydroxypyrrolidin-3-yl]lmethanol as a
milky white tar-like product.
MS (EI) m/z: 251 (M").
'H NMR(CDC13): & 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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this solution, 10% pal | adi um carbon (3.00g) suspended in 5 water (60nL) and
ammoni um formate (21.2g) were sequentially added, and the m xture was

heat -refl uxed for 4 hours while being stirred. Subsequently, the catal yst
was collected from the reaction mxture by filtration through a Celite
pad. The collected catalyst and the Celite pad were washed with a 10

met hanol / wat g4 xgupg (8Q320). The filtrate and the washing solution were
conbi ned and the conbi ned solution was concentrated under reduced

e ot or BAPAD9 B PR oyt al sl

N, N- di et hyl f or maini de ution on-an irce
bath, 15 trjethyl am ne .4 was . added, followed by_dr i S addi tion
of car bobeﬁiﬁ%g%%?i &ég(%%{ﬁf.gv\ﬁwivﬁéi ng m@BgﬁﬁaloﬁggﬁA@ge bafh, the
resulting m xture was stirred for 1.5 hours and was subsequently

concent r at Bisngletut éacedOs ppessadeunTrarbesul(8i- A§97 esgrengdas dinssol ved
in ethyl 20 acetate (400nL) and the solution was washed with a saturated
aqueousSsovatéeon(6fmEpdand) sinhoniide (2rxmaié0nR]) . 2gaswereedeqoeert iadlydr ous
sodi um sul fate, and was then concentrated under reduced pressure. The

resul ting sesédpeamastperhikedrenwas Behtcaegelixeal gor ¢ehvank whetlbyl
acetate, shifted to ethyl 25 acetate: nethanol = 20:1) to give 7.66g of

(3R 4R) - [ 1, 3Pn§eney L 0y ¢ ar Daswd gy ey OWRY T &t d 1§ O Jpyd 1 881 D8BOE 4 Brén
m | ky white tar-1ike product.
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 (9.40mlL) 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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Thi s conmpound was identical to the conpound obtained by Process (A). 5
Step 4. Process (A : (3R 4R) - (I -benzyl oxycar bonyl - 4-

hydr oxypyrrolidi n-3-yl)nmethanol (3.199) was dissolved in N, N

di met hylformam de (9l nmL). Wiile this solution was cooled on 10 an ice bath,
i mdazole (6.05g) and tert- butylchl orodinethylsilane (5.74g) were

sequent i al bynadiedyandbohhe-ot-Kiydrexypgrebihaed-at yloperhanper asupe for 3
hours. Subsequently, the reaction m xture was concentrated under reduced

pressure apgdlkheyresdl thpglrsi gusquas.di ssolved in 15 diethyl ether
(400mL). The diethyl ether |ayer was washed w th a saturated aqueous

sol ution of SOdiT‘ﬁ!{&“&&B'Qﬁn&zwé %QQHglca odEbSdc8Pﬁ§Eu88h¥_ﬁE8EﬁeéoE%“m
sul fate, and was then concentrated under reduced pressure. € resultrng
resi due S purifi g on a silica gel colum (eluant = hexane: ethyl 20
acetate = Fﬁ?efﬁ ég & 5.46g of (3R 4R)-I-benzyl oxycarbonyl -
3-(tert-butyldinethylsilyl)oxynethyl-4-(tert-
butyldiﬁethylsiIyI)oxypyrroIidine as a colorless oil. Ms (Cl+) : nlz=480
(MH#) . 1 HNWR (CDC13) : 50. 03 (s, 3H , 0. 05 (s, 3H , 0. 0 6 (s,
3H) , 25 050¥p(4; 3H), 0.87 (s, 9H), 0.88 (s, 9H), 2.17-2.27 (m 1H), 36
3.21-3.28 (m 2H), 3.48-3.67 (m 4H), 4.21-4.28 (m 1H), 5.13
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(CDCl3): & 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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(s, 2H), 7.31-7.37 (m 5H).

(3R, 4R) - 1- Benzyl oxycar bonyl - 3- (tert-butyl di net hyl silyl)

oxynet hyl -4-(tert-butyl di nethyl silyl)oxypyrrolidine (5.46g) 5 was

di ssolved in tetrahydrofuran (23nL). While this solution was cool ed on an
ice bath, water (23nL) and acetic acid (68nL) were sequentially added and

the m xture mas3spgrigd af) rgquLgngerqhurqHﬁor482ﬁoqr§8 Q%bsqggenglna t he
reaction mxture was concentrated under reduced pressure and the 10

resul ting §S|§H was3pusi khe S|I|ca gel colum (eluant = hexane:
et hyl acetgte = Z 1 s%?fteg tgm i? fo give 2.74g of

(3R 4R) - 1- benzyl dr ox . .
butyldlnethyIS|Iy$%k€§E fY%??a¥¥8X§§¥nB %i ? g% buﬁﬁleépgfhylﬁf}¥§66
(MH) . 15 "H NMR (CDC13) : 5 0.07-0.08 ;ﬁ FQ (s, 9H), 2.23-2.35
(m 1H), ®Xypeshy én1t9F§ bytggdimedbhydsidpyy, OZYEYIEOQSdGﬁF 1Ay 4693, 128
(s, 1H, 5.135 (s, 1H), 7.31-7.37 (m 5H)
(SR,4FO51-%@ﬁ291©i9bﬁ¢@ohyltsth§hydxyﬁﬂrﬁyl4Z3mLért -While this solution

but yl di nmet hyl sil yl oxy)pyrrolidine (2.73g) was dissolved in 20

di chl or onevasneo¢bOdldn Wi Leet hashsolvatiean (B8sLgoahedaertacsadidm
chloride/ice bath, triethylamne (1.2l n) was added, which was followed by

dropwi se addsmLpnw@Een@éaa@ﬁﬁybimpyhddéalgﬁudehéOmZkﬁhkeawaSSth&rQ@Igw
The reaction m xture was then stirred at -5C or below for 1 hour, was

washed W tfo3R ¥ehSErb2uke280t) s WBRLD!! o8l 0¥ 85 SNbYET Ose SPALUM SH! f at e,

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 2.74g
of (3R, 4R)-1l-benzyloxycarbonyl-3-hydroxymethyl-4-(tert-
butyldimethylsilyloxy)pyrrolidine as a colorless oil.

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

15 'H NMR(CDCl3): & 0.07-0.08 (m, 6H), 0.88 (s, 9H), 2.23-2.35 (m,
1H), 3.21-3.30 (m, 2H), 3.58-3.72 (m, 4H), 4.17-4.25 (m, 1H),
5.128 (s, 1H), 5.135 (s, 1H), 7.31-7.37 (m, 5H).

(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 (0.71mL) 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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and was then concentrated under reduced pressure. The resulting residue
was dissolved in N, N-dinethylformamde (60nm), foll owed by addition of
sodi um azide (1.14g) and stirring at 100C for 2 hours. The reaction

m xture was then 5 concentrated under reduced pressure and water (30nL) was
added to the resulting residue. The m xture was then extracted with

di et hyl etdaed ¢2sxtiéfAntpnaadtiheedi ehigk retheedepkeastiszevwerehgonbi ned.
The conbi ned diethyl ether |ayer was dried over anhydrous sodium sul fate

and was 10rgontenhgatedignderasedused1pLassHr g, NIBQmé%ES}h‘beﬂaﬁﬁaledue was
purified on a silica gel colum (eluant = hexane: ethyl ™ acetate 4:1) to

ggxgy?ogggar %%SR if%%gygahﬁgggg?%%th§lgFI?P?é%@p?%E% N bne4gés a coIorIess
| . (%S C|+ 7
0 232,34 % %&g 21 f@gf éMﬁﬂf %]H“ b 5 D 3‘:%“‘(%?“ zw;xtér"%ow%g 0%

2H) 411417 (m 7.31-7.37 (m 5H).
(3R 4R)23- %Pﬂ%%%ﬁ??dluB%ﬁEyF%Sé%a‘fleﬁ?PSHrFt éPP‘ waper (30mL) was

but yl di net hyl silyl)oxypyrrolidine (3.05g) was dissolved in tetrahydrofuran
(50nmL) . Whaddedhig Ebeureénlv\ésgcééswu@n arhe itiexpard, wvaet tladut yl anmoni um
fluoride (I nol/L tetrahydrofuran solution, 13.3nm) was added dropw se and
the m xturextwasctstli witd #bdethdili etbaal (2 koubOmBubsaduent! yieahgat ur at ed
25 aqueous sol ution of sodiumchloride 70nL.) was added and the

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(CDCl3): & 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 (1lmol/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
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38 m xture was extracted with ethyl acetate (150nL, 100nL). The et hyl
acetate extracts were conbi ned and the conbi ned solvent was dried over
anhydrous sodium sul fate and was concentrated under reduced pressure. The
resulting residue was purified on 5 a silica gel colum (eluant = ethyl
acetate) to give 2.01g of (3R 4R)-3-azidonethyl-I-benzyl oxycarbonyl - 4-
hydr oxypyr L di } I.teys | i d s g=277

R T L R S e St A0 i vl 12 AP R LT L SR T L

dd =11, 6. 3 3. :
4184 oa tHTIRoeEs ?%tr'%ﬁ?wfégi Foadififa’ Shy ‘5'?3?088@51(1@5558%%6@
(3R, 4R) - [ | - Benzy| oxycar bony] droxypyrrolidin-3-y nmet hanol (3. 009)

sodlun1a2|ﬂ%s(%r%?ﬁ)ovefr?%ﬁ@ﬂ??ﬁﬁo§ﬁﬂﬁﬁ@ E81535F éﬁd Naﬂ-dpﬁ€?ﬁ§FP6@ﬁanlde
(60nL) 15 were nmixed with each other. Wiile the mxture was cool ed on an

i ce bath, anderhredugedhpressoreati ohg 12y loingareehdue evaabponi deed4034q)
was added dropwi se. The reaction m xture was stirred for 25 hours at room
t enperabure sntlieddgélonalu@dn Kelnsnat=668tBylf abkbwed)byoaddivei @n0al of

met hanol (5nL) and 20 concentration under reduced pressure. The resulting

residue M@§Rﬂh§$93¥§ﬁidﬁméthyh—@CBéﬂEgl629@akboﬁ9d -was washed with a
satur ated aqueous solution of sodiumchloride (2 x 50n.), followed by

dryi ng ovey éPQ%Qﬁ?P?o%?QiHQ‘§H'Baﬁ§1§9dwh29@0§9Eﬁﬁth9QeUB§%HuE%duce
pressure. e resulting resid

MS (CI*):m/z=277 (MH").

'H NMR (CDCl3): & 2.18-2.30 (br, 1H), 2.32-2.40 (m, 1H), 3.24

10 (dd, J=11.6 Hz, 6.1 Hz, 1lH), 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)-[1l-Benzyloxycarbonyl-4-
hydroxypyrrolidin-3-yl]lmethanol (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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25 was purified on silica gel colum (eluant = ethyl acetate: 39 hexane =
2:1) to give 2.94g of (3R 4R)-3-azi donethyl -1-

benzyl oxycar bonyl - 4- hydr oxypyrrolidine as a pale brown syrup- |ike product.
Thi s conmpound was identical to the conpound obtained by Process (A). 5
Process (C): (3R 4R)-[1-Benzyl oxycarbonyl - 4-

hydroxyperQkaﬂén=32y1]nebh?meé £150g0p swasreuasobvadiiBmedhghloromet hane
(12nm.) and 2,4,6-collidine (0.79m.) was added. Whiile this solution was

cool ed on gan i G- Rt LORY NaResYLEQRYL e 0L heRe (48- 2PL)1%as ragdded  rup-
g % d for 2 E Katﬁ and

dropwi se. The ~ 10 m xture was then stitre ours-on the ice

was allo o] nd, for..15 hours in,a refrigerat 3*C) . _Subsequently,
t he react Y\ggk%ﬁ E}?%&ég&as Ts%lqsuecncfr?pacflf%/d WaS eloéeqnv& Jtcl;f—givvaé%rt %n‘f‘flpp?% /L
hydrochloric acid (2 x_2n), and a saturated aqueous sol ution of sodium
chl ori de (2P%32RE§, PYSPFRFPFRRedtby drying over anhydrous sodium sul fate and
concentration under reduced pressure. The resulting residue was purified
on a si?Pica gel RePemds (€fLant3B, hiRkahbrBennyloxgearhapey:-4-2 shifted to
ethyl acetate) to give 38.7ng of

(3R 4R) - | -bedzykvryraobbdyh-3-yiihahbsnblonybomy) 4wad6 dissolved in

nmet hanesul f onyl oxynet hyl pyrrolidine as a pale yellow syrup- |ike product
and 133ng @ichBRrémtRahenzybarycanbomnyls, F-collidine (0.79mL) was added.

hydr oxy- 4- met hanesul f onyl oxynet hyl pyrrolidine as a white syrup-Ilike
product. ywhile this solution was cooled on an ice bath,
methanesulfonyl chloride (46.2ul) 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), 1lmol/L hydrochloric acid (2 x 2mL), and a
saturated aqueous 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)-1l-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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(3R 4R) -1 -Benzyl oxycar bonyl - 3- hydr oxy-4- 25
nmet hanesul f onyl oxynet hyl pyrrolidi ne (125ng) was di ssolved in 40

N, N- di met hyl f ormam de (3nlL) and sodi um azi de (50. Org) was added. The
m xture was stirred at 100*C for 1 hour and was then concentrated under

reduced pressure. The resulting residue was dissolved in ethyl

acetate

(5m) and jhe-gohsthoDrormasivashedrM bRawabat ufn?a% i HBL) 5 0f, 8hlygwed sby
dryi ng over anhydrous sodium sul fate and concentrati on under “reduced

PLESEN 2. JHSHESU M U 0 B 80 s st e Snlial

(eluant = et acet at

idomethy]-1-b I l.- 4-h | i di 10 mlky whit
Cyr up- 11 ke BT RdaE e ThES oM BLHa: wab PR PERR P6C -t HL 2 CRBOUNEE Bt ai ned by

Process (A). Step 5: Process (

. . A); .
(3R 4R) - 3- ReF HORet K§F- F1peAZYraxyBatbBNyI 2Ce52kehyarbky Bifr SPrdiSRe UELoR0g)
was di ssol ved in dichloronmethane (40nm) . Wiile this solution was cool ed
on a sodi uwaschikohederite watdr d2exhymaii ndsdlpuedt biyf Hyyinde ofer20mi)
was added dropwi se and the mi xture was stirred at room tenperature for 3
hours. Theankadtoos vedseh wasfagai andoebadei@raniansaddem ekkbociede/ i ce
bath and di et hyl am nosul fur trifluoride (0.57n) was again added dropw se.

The m xturgre¥asréhenrisd i ¥ aeh ©tnd opeR { @nPer 2 Useripled bRUESsiVELegbhe

reaction mxture was cooled on an ice bath, a saturated

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-l-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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aqueous sol ution of sodi um hydrogen carbonate (40nL) was 25 added dropw se
and the dichl oronet hane | ayer was separated. 41 The di chl or onet hane | ayer
was sequentially washed with a saturated aqueous solution of sodium

hydr ogen carbonate (2 x 20nmL) and water (20ni), followed by drying over
anhydrous sodium sul fate and concentrati on under reduced pressure. The 5

resul ting T@éidu@hM@ﬁom@théh@dlapea @hki saggehtcal ugmwhehbyankvitr Aexane:
ethyl acetate = 2:1) to give 726ng of (3R 49)-3-

azi doret hyéatlupsfléal Qegygéﬁgogwuéléﬁuefoeasaieﬂnl Hyagogénaceebgna%og@ Qil.
MS (Cl+) :niz=27 ( 1H NVR(CDC13): 5 2.34%2 1H),

(m = 2r, %&&Q Z%Qeg 1Z9R 495% %5?%&@ vipSy &EE %F%w??@%??’(%l
151H)hydrp ocessd %dﬁﬁigﬁg{%ﬁ?mﬁégggﬁﬁgﬁ%éébﬁﬁ Vo bEECPaoREF S 0Hh | T s
solution was cooled on an ice bath, 1,8 diazabicyclo[5.4.0]undec-7-ene
(2. 03nL§ WaSSal bRy qﬁ?édﬂﬁswaﬁopPéﬁéHeﬁyoﬁrépﬁﬂiécédaﬁﬂl6ﬁlﬁmn (eluant
perfluoro-1|-octanesul fonyl fluoride (2.80n) and stirring for another 1
hour. | nsotubteard: matkylabsehere redoledtbdrgnvehd2pmgcoifo3Ri ABUré—-by
filtration and were washed with toluene. The filtrate and the washing
sol uti on wetedcosbhpedl andntheorpabhirhedyorgafiaokapgirolidine as a pale
brown oil.
MS (CI'):m/z=279 (MH").
10 'H NMR(CDCl3): & 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-1-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. Insocluble
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,45)-3-
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was concentrated under reduced pressure. The resulting residue was then

purified on a silica gel colum (eluant = 25 hexane: ethyl acetate = 2:1)
to give 1.58g of (3R 4S)-3 42
azi donet hyl - | - benzyl oxycar bonyl - 4-fl uoropyrrolidine as a pale brown

syrup-1like product. The conpound was identical to the conmpound obtained by

Process (A921§O§E€H%@~l Eéﬁ%§§%x§c§%bgﬁyﬁtﬁ¥k1h0988?¥kgiXﬁﬁhgoﬂﬁlh4pale

fl uoropyrrolidine ( 5g) was dissolved i n ethanol

sol ution. BLBELILYLOXT Sl V) oGR30TD) nyBe IS, AL L e RLKLUS o 4REn

stirred at room ure hours™in Stréam o fogen
(provided froma aIIoonA S g uentlﬁ he catal yst was coIIected from
the react i SARPREAr @by 0e| PYat FoheF réﬁgh a Celite pad. The collected
catalyst and the Celite pad were washed with ethanol. The filtrate and the
washi ng sol ution were conbi ned and the conbi ned organic |ayer 15 was
concentrated under reduced pressure. The resulting residue was purified on
a silica gégtegobum (eluant = ethyl acetate: nethanol = 10:1) to give
1.13g of (3S,4S)-3- am nonet hyl -1-benzyl oxycar bonyl - 4-fl uoropyrrolidine as
a pale brown oi (3R20s MS3{LE #JomBtEF25B-HbMEY18k@patbonyl-4-

(3S, 4S) - 3- Am nonet hyl -1 - benzyl oxycar bonyl -

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-l-benzyloxycarbonyl-4-fluoropyrrolidine as a pale

brown oil.

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

Step 7:
(3S,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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fluoropyrrolidine (1.10g) was dissolved in nethanol (13nL). 25 To this
sol ution, nolecular sieves 4A (440ng) and 43 benzal dehyde (0. 44nL) were
sequentially added and the m xture was stirred at roomtenperature for 1
hour. Subsequently, a borane-pyridine conplex (0.44nm) was added and the
m xture was further stirred at roomtenperature for 3.5 hours. This 5 was

fol | owed byergdidéopdef (6mmhht) hvdrechbkguestagil dy(4dd8l) anan@dhst i kicngeat
roomtenperature for 1 hour. Subsequently, a 30% aqueous sol ution of

sodi um hydyQxi de; wasqagded bR B@ﬂﬁgerstasr@ ¥byre haaikc anghihgudhxiyre; was
extracted with diethyl ether (2 X 100ni). The diethyl ether extracts were

conbi ned Qg@angﬁﬁggﬁp%nsgmgis&hxb EEQEL gszesd 3_dhbedraver anhydr ous

sodi um sul en ¢ ncentrate pressure
resulting residue_was rified on i ca gel ( I ant = hexane
EUREHC2hPF 5

ethyl acet4f®@ tEhetol: {?Omtgeﬁpg aEu{gngF 3.5 hours. This
(3S,49) - 3- benzglanlnonethyl-l-benzylox% 15 carbonyl -4-fl uoropyrrolidine as
m

a col orPes¥as afof i Rue@r BruRedit BN ( of +Pmoky b=Bydromlpricsagpdg (7. 3mL)

(3S, 4S) - 3- Benzyl am nonet hyl - | - benzyl oxycar bonyl -4 20 fl uoropyrrolidine

(1.159) wasndi ssbrvédgi atnecbmnbempetathre Tort hi bosol ut$wunsequemicly ara

sieves 3A (1.05g), acetic acid (1.92n),

[ (1- et hoxys9el aguepyk) sxyhtibnebbhyksdianehydréitiy, waandddedi 4B make

cyanobor ohydri de (633ng) were added and the
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 (3S,4S)-3-benzylaminomethyl-1-benzyloxy

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

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

Step 8:
(3S,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

44



m xture was heat-refluxed for 2 hours while being stirred. 25 Subsequently,
i nsol uble materials were renoved fromthe 44 reaction mxture by filtration
through a Celite pad. The insoluble materials and the Celite pad were
washed with nethanol. The filtrate and the washing sol ution were conbi ned
and a 2nol /L aqueous sol ution of sodiun1hydroxide mas added 5 to make the

corbi ned opgant goh ﬁ?&tﬁi‘é' By(Eﬁi%}at%hh%H%u ﬁt%e?a\aed vpder

reduced pressure and the residue was extracte mnth ieth ether (2 x
100nm.). The dieth xtragts ¢onbi ned and t he e nbln d di et hyl
et her Iayer Q f %rlg%po5é??an rou% soé|§n1§u fate aﬁasmﬁs tﬁe%
concentrat ed unde reduced ressure The resulting residue urlfled on
a silica gBPtRarem (Bitahtlt Er e R %@%ywas%k%ga?%luthpﬁ)w?ﬁegF9@ in?@g
of (3S,4S)-3-(N-benzyl-N- cycl opropyl)am nonet hyl -1 -benzyl oxycar bonyl -

f1 uor opyrrangid@ndnas/h eapephessotuaribnkefppodicm hySregidel Wam @dﬂ@@lz
(M+). Step 9: (3S, 4S) -3- (N-Benzyl-N-cycl opropyl) am nonet hyl -

benzyl okychobmaié- 4hél combpypedobirdanéc( 1a22g) bwas cdi(psiakyed Méﬂhénoéthaeol
(14nmL). To this solution, 10% pal | adi um carbon (150ng) was added and the
m xture washéhi reRévall taaer tedpeeat greskaied aR@uitel Red isiuke@Asof

hydr ogen (provided from a ball oon) Subsequently, the catal yst was

collected cxtracted with diethyl ether (2 x 100mL). The diethyl ether
extracts were combined and the combined diethyl ether layer
was dried over anhydroué 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 (38,48)-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:
(3S,45)-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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fromthe reaction mxture by filtration through a Celite pad. 25 The

coll ected catalyst and the Celite pad were washed with 45 ethanol. The
filtrate and the washing solution were conbined and the conbined organic

| ayer was concentrated under reduced pressure. The resulting residue was
purified on a silica gel colum (eluant = ethyl acetate: nethanol = 20:1).
The el uat eethawas. diTid | 1€kt tacterand ditoe dv s tebisdr €o 10t Yo ewddd ngomibined
(3R, 4S) - 3-cycl opropyl am nomnet hyl - 4-fl uoropyrrolidine as a colorless oi

M5 (C+) :aRZEA8 oMb hed HRMpah B+ ayeBali8d E@ﬁcggH%QE@a u%é%rlggéucggund
159. 1316. 10 Reference Exanplé 12 Synthesis of

(3R 4S)-3-¢ ﬁ?é%ﬁl’:%{jy'ﬂ{@ nongt hé/icp% %éé#’?jm% g;'laﬁ.?ilf‘ﬁ <§P<5r90§5§1ﬂé3|%§£ €p

1. 15 (3R 4 roxypyrro di'ssolved in
th | (25 h 1.40 dded h | ut Whi
Chie i xt (FBTUES CBORBREoR BrhgbardRfahEs: FREPREB bt RO  bonzyl MErohFaES

(1. 10nL% was added, dropwi se. The m xture was then stirred at room

t enper a ur%aéod%éFlilﬁﬁuPnﬁﬁH faduesrcererated tRdELVeedddBy pfessure. The

resulting residue was purified on a silica gel colum (eluant = ethyl

acet ate: méBRafAd) -3-2pPclypropylesinoneghyl-¢3RIURyopyrrolidine as a
colorless oil.

MS (CI*): m/z=159 (MHY).

HRMS (CI*): Calcd for CgHi¢FN,: 159.1298; found: 159.1316.

10
Reference Example 12
Synthesis of (3R,4S)-3-cyclopropylaminomethyl-4-
fluoropyrrolidine (Process (II1))
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)-
(l1-benzyl-4-hydroxypyrrolidin-3-yl)methanol as a milky white
syrup-like product.

25 MS (EI"): m/z=207 (M").
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(1- benzyl - 4- hydr oxypyrrolidin-3-yl)methanol as a mlky white syrup-Ilike
product. 25 M5 (El+) : mz=207 (Mt) 46 HRMS (El+) : Calcd for Cl2HL7NO2:
207.1259; found: 207.1237. Step 2:

(3R 4R) - (1- Benzyl - 4- hydr oxypyrrolidin-3-yl)nmethanol 5 (1.36g) was di ssol ved
in dichloronmethane (14nl). Wiile this solution was cooled on an dry

| cef acet ongrist bty etlidan e o0, fT) awas addedeotalioved y sdropwi se

addi ti on of nethanesulfonyl chloride (0.46nl) and stirring for 30m n.
Water (10nmL) was then added to the reaction mxture and the 10 tenperature
of the m xture was allowed to rise to room tenperature. The m xture was
then diluted wth dichloronmethane (20nL) and the dichl oronet hane | ayer was
col | ected. °§f8 €ol |l ected di chl or onet hane | ayer was washed with water (2 X
| Onl), was dried over anhﬁdrous sodi um 15 sul fate, and was then
concentrated undé?RreRQucéd—Beesslré- hY¢ﬁ@XVE¥HFPﬂhélﬂe§r&&émﬁé§aﬁ9ﬂified on
a silica gel colum (hexane: ethyl acetate = 1:1 shifted to ethyl acetate:
met hanod =(2034Yy) wasmiasEoavedonnebutbdoabmhekane: (éhyl) . adefbdtetkig: 1,
585ny of (3R, 4R)-1-benzyl-3 20 o _
met hanesul §enyt 0x¥ - Wasetbanegubhonl axynetbyhbpytoaki BaRe , Was ictbidiaRgteas a
m | ky white syrup-like product. M5 (El+) : mz=363 (M) .
(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 Ci4Hz1NO6S,: 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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HRVS (El+) : Calcd for CL4H21NOG6S2: 363.0810; found: 363.0804. Also, 840ng
of (3R 4R)-1-benzyl - 3-hydroxy-4 25 net hanesul f onyl oxynet hyl pyrrol i di ne was
obtained as a white 47 crystal froma fraction eluted at ethyl acetate:

met hanol = 20:1. MS (El+) : mz=285 (M+) HRMS (EI+) : Calcd for

C13H19N04S: 285.1035; found: 285.1045. 5 Step 3:

(3R, 4R) - 1- Bepayhi 3 hydr axyrdcoebhasesukfiony! exypet Byktpyer ohk@hBao(835ny),
sodi um azi de (381ng), and N, N- di met hyl formam de (12nlL) were m xed with one
anot her angptfie 10 m xture was stirred at 120C for 1 hour. Subsequently,
the reaction m xture was concentrated under reduced pressure. To the

resul ting Si . [ ), was added and the m xture was extracted
with dietﬂgﬁ é?ﬁ@ﬁ ?@Egzgg%L .)The di ethyl ether extracts were conbi ned

oncentr at BHEGHREY T QkSn FRoscabENOThe PBButiPRG FESntac aus Jprr (i ed on
a silica gel colum (eluant = ethyl acetate: nethanol = 20:1) to give
576mg o? (3R 4R)-3-azi domet hyl -1 -benzyl -4 hydroxypyrrolidine as a pale
brown oil. 20 M5 (EI+) : mz=232 (Mt) HRMS (El+) : Calcd for Cl2H16MN4O:
232.1324; $oepd3:232.1309.
(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-1l-benzyl-4-
hydroxypyrrolidine as a pale brown oil.

. + ¥
20 MS (EI"): m/z=232 (M").

HRMS (EI*): Calcd for Ci,HieN4O: 232.1324; found: 232.1309.

Step 4:
(3R, 4R) -3-Azidomethyl-1-benzyl-4-hydroxypyrrolidine
25 (566mg) was dissolved in dichloromethane (9mL). While this
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Step 4: (3R 4R)-3-Azi donet hyl -| - benzyl - 4- hydr oxypyrrolidine 25 (566ng) was
di ssol ved in dichloronethane (9nL). While this 48 solution was cool ed on an
ice bath, diethylam nosulfur trifluoride (0.39n.) was added dropw se and
the m xture was stirred at roomtenperature for 2 hours. Wile the
reaction vessel was cooled on an ice bath, a saturated aqueous 5 solution

of sodi um bydnegsh @égbeaaisd(gmanw@éeasggﬁ andtnihemihykungywas diluted
wi t h di chl oronet hane (15ni). The di chl or omef hane | | ayer was col |l ected and

e on  SFEEELAbe RO PO2Y BRRT gxegd&?%@g?g R

solution o I um ogen car bona en water

dried over anhydrou sodlu sul fate, a concentrat ed under reduced
pressure. %ﬁ% ¥%§u?€|ﬁaome %B%ra§ﬁ§e EPFmgeBOBﬁSa st fi $ EBRGhHOD

(eluant = hexane: ethyl _acetate = % Fromthe first half fraction,
76. 7ny of VESTEURY2S- a9PUedePRyRLI lB@n 9Fh4-ﬁl §8FBpPEFEl PANREURRS 15
obtained as a pale browmn oil. M (EI+) :mz=234 (Mt) . HRVMS (EI+) : Calcd

for CL2H15FpHut2ed. 42830divuntyd284en268rboRnbm t(Relsewendakdkt, f padt i on,
220mg of (3R 4S)-3- azidonet hyl - 1-benzyl - 4-fl uoropyrrolidi ne was obt ai ned
as a 20 pohe bifonwirei vasMbi{&te)d withzg23A16Mbhethane (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 CioHisFNg: 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 CipHisFNg: 234.1281; found: 234.1269.

Step b:
25 (3R,4S)-3-Azidomethyl-1-benzyl-4-fluoropyrrolidine
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HRVS (EI+) : Calcd for CL2HI5FN4: 234.1281; found: 234.1269. Step 5: 25
(3R, 4S) - 3- Azi donet hyl - | - benzyl - 4-fl uoropyrrolidine 49 (215ng) was

di ssolved in ethanol (3nL) To this solution, platinumoxide (1V) (30.0ng)
was added and the m xture was stirred at roomtenperature for 5 hours in a
stream of hydrogen (provided froma balloon). Subsequently, the 5 catal yst

was renoved2fsag) thesr@astbdiedl xhUeehByoli I(Bhal | onre t Dygko BuEEbh f e pad.
The renoved catal yst and the Celite pad were washed with ethanol. The

filtrate apdatheunasling (s9) ut(B@nomfg;ewsgeraaea and the ﬁmwedwgggam c

| ayer was = concentrated under reduc pressure to obtain 191ng of

(3S,49) - 3- thyl - | - r reolidine.as_a_brown |I. NE

(G ) i SELBEERNAY, Eopelftbarat bt Y BrhodbRr e <5685 st ouna:
209. 1465. 15 Ste Am no h I-I-be | - 4-f | uoropyrrolidine
(186nm) magyﬂfggg?véaré ﬂ%ghSHBW fahe n;& %8 Ve higa ?%H?Qﬁ#y' Pecul ar

si eves 4A (80. Ong% and benzal dehyde (90.8pL) were sequentially added and
the m xPureahmsystiveredranovedntpomt ehperagaEéononixtuser bystbsegacaehny, a
borane-pyridine conplex (90.2pL) was added and the m xture was further
stirred atthoonyheapéediteepbdr Iimurenovidud scatesl fot | avddtiy 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,48)-3-aminomethyl-1-benzyl-4-fluoropyrrolidine as a brown
oil.
MS (CI"): m/z=209 (MH").

HRMS (CI%): Calcd for CipHi1gFN,: 209.1454; found: 209.1465.

15 Step 6:
(3S,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 (90.2ulL) 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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addition of 6nol/L hydrochloric acid (1.5nL) and stirring for 1 hour.

Subsequent | vy,

a 6nol /L aqueous solution of sodium 25 hydroxi de was added to

make the m xture basic and the m xture 50 was extracted with diethyl ether
(3 x 10m). The diethyl ether extracts were conbined and the conbi ned

di et hyl et her

| ayer was dried over anhydrous sodium sulfate and was then

concentrat gdsuagderareddchdtAr 38¥he1 Lhaehegyl ki AGML§SI dyge Sqyaenpuri fied
on a silica gel colum (eluant = hexane: ethyl acetate = 4:1) to give
+

179mg of ( ) = d= |- 3-.Db . aniyn t byl.- 4- rapy:rahi di a
pal e br ovvngtc's){léﬁ.$ e%/g?%!é@é) Wgrﬁi g@@%ggli( %ﬁg) %eHéﬁ/éb(u%le% Xl:l (%I%lllygdr(l)fe'E gr%ﬁf
C19H24FN2: . 299. 1924; found; 299.196Q. 10 St 7:
(35,49 -1 - BEKE}I P32 bgﬁ%g{iﬁ@*’ﬁgmﬁz_ﬁl—”auﬁl aﬁ@w& P A e 2075 e

i ssol ved i n nmet hano . To is solution, nolecular sieves :

E382$E{3 aE@EF%ngEﬁHe45“?6336ﬁﬁ?§cfglpffﬁg%§$ycI%%?oﬁ%?%bkyggiﬁﬁﬁ%ﬁy?fiIane
: and sodi um cyanobor ohydri de wer e added an e mxture
was heaﬁ-r@ﬁSuRedifbﬁdgohoarsiﬁ%bhegbéinglgghrdeduanSubs@qu@nﬁhyﬁthwéoluble
materials were renoved fromthe reaction mxture by filtration through a
Cel i te padacdbet20=i nsdh ubbegtrateli’ahg atd (388¢ 46¢llt-Bepagiwse washed with

nmet hanol . The filtrate and the washi ng sol uti on were conbi ned

benzylaminomethyl-4-fluoropyrrolidine as a pale brown oil.

MS (CIY): m/z = 299 (MH').

HRMS (CI*): Calcd for CigH24FN,: 299.1924; found: 299.1960.
10
Step 7:
(3S,48)-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)oxyltrimethylsilane (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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and a 2nol /L aqueous sol ution of sodi um hydroxi de was added to nake the
conbi ned organic | ayer basic (pH14). Methanol was then renoved under
reduced pressure and the residue was 25 extracted with diethyl ether (3 x
100m.). The diethyl ether 51 extracts were conbi ned and the conbi ned
di ethyl ether layer was dried over anhydrous sodium sulfate and was then

concentr at egdt vades weducesmpigsgused The eemplhbAgdieshdueetwas RHKkR ed on
a silica gel colum (eluant = hexane: ethyl 5 acetate = 4:1) to give 172ny

of (3R, 49) 335 (M beaz¥baN anhydrous sodium sulfate and was then
cycl opropyl ) am nonet hyl -1 -benzyl -4-tl uoropyrrolidine as a colorless

tar-1ike C+), :mz=3 VH+) . H Cl+) :..Calcd for
Sorpane CaaeehysAteq e r TEETIERA (ML e LI S sr ERAF L e

N- Benzyl - N-cycl opropyl ) am nonet hyl - 1- benzyl - 4-fl uoropyrrolidine (170ng)
e e o e SR D R n LT e Y e R (R NS oo BakRRar uREBYThon

(200ng) and chloroform 15 (0.17n.) were added and the m xture was stirred
at 50C Yorag8tabars dhderta ﬁ?ﬁ?oé@ﬁmﬁr@§s&58r65)339*E05P32Y$uﬁsequentIy,
pal | adi um carbon was renoved fromthe reaction mxture by filtration
t hrough a Cetloerppdl) Jhienomabigl-pabeadylnteélbonopandof idifel aseapad were
washed with ethanol. The filtrate and 20 the washing solution were then
conbi ned asdlbheesonbanetlike product.
MS (CI"):m/z=339 (MH").
HRMS (CI%): Calcd for CuHogFN,: 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 1lmL) 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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organi c | ayer was concentrated under reduced pressure. To the resulting
resi due, a 30% aqueous sol ution of sodi um hydroxide (approximtely |InlL)
was added. Subsequently, sodiumchloride was added to saturation and the
m xture was extracted with 25 diethyl ether (3 x 10nL). The diethyl ether
extracts were 52 conbi ned and the conbined diethyl ether |ayer was dried
over anhy d f ntr. d d r d
S sue tgggyggég55§@ BHE %gbg@gdw@ﬁeftnm GRREENY H3LGd A2der ; SLAYES
cycl opropyl onet h 4-fl uo rroli d|ne br own Thi s
conpound mﬁgﬂ%aﬁﬂPFcé?demtﬁgiggﬁﬁoﬁﬂg YBfai ﬁgﬁ ﬁncﬁgFgﬁéﬁgeuﬁggﬁble 11
(Process (1)). Reference Exanple 13 Synthesis o

(3R 4R) - 3- E?@PSE@OE?FéﬁPﬁénﬁPhgﬂyﬁ 6§O4P9u8ﬁoﬁﬁﬁr6§|dﬁﬁe Step 1:

(3R 4R) - [ | - Benzyl oxycar bonyl - 4- hydr oxypyrrolidin-3- yl]nmethanol (2.509),
tri phenyl phpspophnepybamigpmeihlbdnidoropyirdol2dibg) asere pdilss rowd i n
tetrahydrofuran (60nL). Wiile 15 this solution was cooled on a sodi um

chl ori d&/ i ekl batthis azetbheatdoxys | tdact deal etbythestempddNdo dbtaened in
solution, 9.53nm) was added dropw se. The m xture was stirred for 1 hour
at 0C or bréeurandet heamboe addibi-gpaks2 (hgyrs at room tenperature and was
subsequent|ly concentrated under reduced 20 pressure. The resulting residue
was purified on a silica gel

Reference Example 13

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

10 fluoropyrrolidine

Step 1:

(3R, 4R) -[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yllmethanol (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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colum (eluant = hexane: ethyl acetate = 2:1) The eluted pale brown
tar-like material was dissolved in ethanol (60nL). To this solution,

pot assi um carbonate (4.07g) dissolved in water (30nL) was added and the

m xture was heat-refluxed for 25 3 hours while being stirred. Subsequently,
the reaction 53 m xture was concentrated under reduced pressure, and the

resul ting mestere was dbssohvesdtéd Ghgblkorearthangred9Qpt) . andhehe
di chl oronet hane sol ution was washed with a saturated aqueous sol ution of

SOdiU”‘Ch'P%éthig?éﬁégg%%%er§ di5£d19.8Veh éﬂ?ﬁ?&?Hﬁe?HQhé”&§HP§ﬁ5?1 and

was then concentra reduced pressure. e resulting residue was

purified o a,siljca gel, colum L uant = et hyl .acetate: t hapol, = 10:1)
Po’ gi ve 2. P SFtr befatstpd0n ROy LBk R 5P ey i by S sAEuzatsy
pyrrolidin-3-yl]nmethanol as a mlky whjte syrup-like product. 10 NS
(E|)n12:25qq%%mg$ §@%ﬁt29n of sodilim chloride (2 x 50mL), was dried

(3R, 4S) - [ 1- Benzyl oxycar bonyl - 4- hydr oxypyrrol i di n-3 yl ] met hanol (2.33g),
sodi um azi eeex 1a8girousi phdhyhphospatae angd yaserhpn gadcentrated

N, N- di met hyl f or mam de (46nL) were mixed with one another. Wile this

m xt ur e wasndeol eddotednpregstath, The diedlbrnet hanbdsolwds opufl Odd @t
carbon tetrabrom de (3.38g) was added dropw se. The reaction m xture was

stirred farsilBibougsiatolaam (emmenatHretand addthtenaheBnhagns=at 029)60C,
foll owed by addition of nethanol (3m) and
to give 2.04g of (3R,4S)-[l-benzyloxycarbonyl-4-hydroxy
pyrrolidin-3-yl]methanol as a milky white syrup-like product.

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

Step 2:
(3R, 4S)-[1-Benzyloxycarbonyl-4-hydroxypyrrolidin-3-
yl]lmethanol (2.33g), sodium azide (1.81g), 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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concentration under reduced pressure. The resulting residue was dissolved
in ethyl acetate (200nL) and was washed with a saturated aqueous sol ution
of sodiumchloride (2 x 50m.), followed by drying over anhydrous sodi um

sul fate and 25 concentration under reduce pressure. The resulting residue
54 was purified on a silica gel colum (eluant = ethyl acetate: hexane =

2:1) to 9'N§%2%&$9£9%d(§5 45)13183 LgQTEEBXEmh Iﬁ t = ethyl acetate

benzyl oxycar bo ydroxypyrro ne as a m up-1ik

product . NS FA + (

(3R, 49) - 35‘2\% Fret hof 11 8n%§7V8x%/Hg 808§I fiRhéﬁ ! Ry BIHFSTELTNE ~¢300my) was
di ssolved in dlchloronethane 0 (6nL). While this solution was cool ed on

an ice bat?enzﬂi%¥ﬁ9ﬁéﬂPﬁﬁéuﬂTUYdFP¥YPM6FPééd€Ge4§ﬁL? Mad k¥dHBd t&r opwi se.
The m xture was stirred at roomtenperature for 4 hours. Wile the
reacti on vegsep-hakecpovbddcbn an ice bath, a saturated aqueous sol ution of
sodi um hydrogen carbonate (6nL) 15 was added and t he di chl oronet hane | ayer
was col $ecved(FARE : aoldz=extRd(Mk’Qhl or onet hane | ayer was washed with a
saturated aqueous solution of sodiumchloride (2 x 2nmL), was dried over
anhydrous sodium sul fate, and was then concentrated under reduced
pressure. The resulting residue was purified on a 20 silica gel colum
(eluant = §€58n§5 ethyl acetate = 2:1) to

(3R, 4S)-3-Azidomethyl-1-benzyloxycarbonyl-4-

hydroxypyrrolidine (300mg) was dissolved in dichloromethane

10 (émL). While this solution was cocoled 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 aqueous 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 2mlL), 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.

25
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give 211ng of a mxture of (3R 4R)-3-azidonethyl-I-

benzyl oxycar bonyl - 4-fl uoropyrrolidi ne and 3-azi donet hyl -1 -

benzyl oxycar bonyl - 3-pyrroline. 25 55 Step 4: Platinumoxide (1V) (50.0ng)
was suspended in ethanol (7nmL) and the suspension was stirred at room
tenperature for 30mn in a streamof hydrogen (provided froma ball oon).
To 5 thisggggpension, an ethanol solution (3nml) of a m xture (551ng) of
(3R, 4R) - 3-azi donet hyl - | - benzyl oxycar bonyl - 4- fl uoropyrrolidi ne and

3'aZid0”EthY'"'PFQ%¥£9%YS§£QQ“¥k¥§'(Bwrbﬂ 5n$a§a§u@?gﬁgedaﬂﬂyggﬁaﬂkiture

was stirred at room tenperature for 5 houfs in a Stfeam of rogen

(provi ded om | 1 gon) Subsequently. the catalyst was renoved_from
the Teact | oATH xTiReChS PRTPPOCROR HAd Rhi=Gagngh GPPR CBTRERGL Ot angor

filtrate and the washing sol ution were conbined .and the conbi ned organic
| ayer was %gﬁ%@n%Pa?eatgﬁﬁ@rOFeBMééageBré?§8?éde?h§rP@sélP?ﬁé°PQ§Pdu Owas

then purified on a silica 15 gel colum (eluant = ethyl acetate shifted to
ethyl acethhés swueppafsePn= a0: e¢fhapodi selstday BmE) npkt ar mistugss, 4R) - 3-
am nonet hyl - 1- benzyl oxycar bonyl - 4-f | uoropyrrol i dine and 3-
am nonet hyk53ibehzygkox3BakBRpABtaldifgymedhiyhel-BOnSyepxyratbonyiude (310ny)
of (3S, 4R)-3-am nonet hyl -1 -
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 dissoclved in methanol (4mL).
To this solution, molecular sieves 4A (130mg) and

25 benzaldehyde (0.13mL) were sequentially added and the mixture
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benzyl oxycar bonyl - 4-f | uor opyrrolidine and 3-am nonet hyl -1 -

benzyl oxycar bonyl - 3-pyrroline was di ssolved in nethanol (4nmL) To this
solution, nol ecul ar sieves 4A (130ng) and 25 benzal dehyde (0.13nm.) were
sequentially added and the m xture 56 was stirred at roomtenperature for
hour. Subsequently, a borane-pyridine conplex (0.19n) was added and t he

m xture “@§sf§£19§éd5%£r£8?T Eﬁ&geghkﬁgeekekuaeh%g& 4 §8H£§ %Rtf

foll owed by addition o rochloric acid m.) and irr hg at

f h 0% | ut. f
Codi um hycr okt B VEE dHABACrBoYaRe (Ene ik «PafoanaBic SBHG TR iriaPe was

extracted with dleth et her §3 x 10Om). The diethyl ether extracts were
combi ned %#d fﬂﬁtE%ﬁb?EéHrﬁﬁe EyF°8WhE?mP§§éFuﬁﬁsf@énéeﬁ?PéFed thédervas
reduced pressure. The resulting residue was purified on a silica gel

col um (el fahtowedi kil addhbinanef Awphdhohydreghlpriroagide (2n¥igaot

(3S, 4R) - 3- benzyl am nonet hyl -1 - benzyl oxycar bonyl - 4-fl uoropyrrolidine as a
pal e yebl ostDrtingMet ( EABH) temperatuBd43£6bHE) houtb HRMBsEGdRt)1y, Cal 8adsf or
C20H24FN202: 343.1822; found: 343.1815. Step 6: (3S, 4R

- 3- Benzy| agijneses hybidt benzykoxyaatRonyhrdxibkugaepyabeli donpakd70pe) was
di ssolved in nethanol (5nL). To 20 this solution, nolecular sieves 3A

Eé?ggﬁij 2Rkt Gr8Ches{O- 200 nel hlxhb@x¥G¥CLRRLIBYLXOWY LN WTRLAYhSI | ane
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,4FN,O,: 343.1822; found: 343.1815.

Step 6:
(3S,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)oxyltrimethylsilane (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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and sodi um cyanobor ohydri de (93.5ng) were added and the m xture was

heat -refl uxed for 3 hours while being stirred. Subsequently, insol uble
materials were renoved fromthe 25 reaction mxture by filtration through a
Celite pad. The 57 insoluble nmaterials and the Celite pad were washed wth
nmet hanol . The filtrate and the washing solution were conbined and a 2nol/L

aqueous solyibPILPE BRI hydERi dRe WaS1 addegdadt RePBKRatRB4CHTRRNEd
organi c | ayer basic (pH>12) . Methanol 5 was then renoved under reduced

oressure ag kel oS0l MBS AR ool LR Iyl GLISL (e LGP dhe

di et hyl extracts were conbined and t I ned die ayer
was dried over hydrous sodi um sul fate and s. then ,concentrated under
educed: prebsue el SaifornotpubBhE B80=HRTupRParaRER KoL RedRYe
colum (eluant = hexane: ethyl acetate_ = 2:1% to give 166ng of
(3S, 4R) - 3- FR-BRRS yFOR €YRPEREE YT JRRT oMY Y| PRSBENLYHSEy éar Himthanel
fluoropyrrolidine as a colorless tar-like product. M (FAB+) : mz = 383
(VH+) .2 15w@RVENEFABove@atiede f oredRgpiSFRRO21883and36hef saAdd883Wa$19.
Step 7: (3S, 4R) -3- (N-Benzyl-N-cycl opropyl) am nonet hyl - 1-
benzyl oxycaxtoayted-fitoropytholi dther( 180ry) OmAaS . di Bsol deskth@D ¢thet hano
(3m). To this solution, 10% pal | adi um carbon (20.0ng) was added and the
m xture wagxsthétedwdterl 88fbined 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 166mg 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 Cs3H,3FN,0,:383.2135; found:383.21109.

Step 7:
(3S,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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tenperature for 5 hours in a stream of hydrogen (provided froma balloon).
Subsequently, the catal yst was collected fromthe reaction m xture by
filtration through a Celite pad. 25 The collected catalyst and the Celite
pad were washed with 58 ethanol. The filtrate and the washing solution were
conbined and the resulting residue was purified on a silica gel colum

(eluant = gthyhopcet@le £i TBINANAUNT Bl Lea s AL €0 10 b OFOMEL A3 S o
met hanol = 10:1) to give 50.7ng of (3R 4R)- 5

3-cyclopro ] No hyl - 4-f| uQr rrolidi a_colorles oi l. FAB+)
oo P MRS TR L St AN LA oP LBt BrReR r b 1388, Spoumtitonn
159. 1286. 10 Reference Exanple 14 Synt hesis of )

(3R 49) - 3- [¢NeeRE t = bBEBXY carBbAyf-Nmethanol = 20:1, shifted to
cyclopropyl)anino]nethyl-4-f|uoronethylgyrrolidine Steg 1:

(1S, 5R) - 7-f1aiR onoppehgnet hpefhaneka=71018) akabpéyel 603./890Péct(dRe4R) one
(7.73g, 33.4mvol) was dissolved in ethanol (92nm) . To this solution,
cycl opropydanyokoptdfy Batjnomsthgtled- fandropgrmptdieewas st coledlatss80C
for 44 hours and was subsequently concentrated under reduced pressure.
The resul tény. resi due was dissolved in ethyl 20 acetate (300nL) and the
sol ution was washed with water (2 x 50nL), followed by drying over

anhydr ous ﬁgdi(ym;s)u.l frate -antsg (MH*) .

HRMS (FAB"): Calcd for CgHigFN,: 159.1298; found: 159.1286.

10 Reference Example 14

Synthesis of (3R,48)-3-[{(N-tert-butoxycarbonyl-N-

cyclopropyl)aminolmethyl-4-fluoromethylpyrrolidine

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

15 azabicyclo[3.3.0]Joctane-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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concentration under reduced pressure. To the resulting residue,

dii sopropyl ether (300nm) was added and the m xture was heated to form
crystal and was then concentrated to 25 approxinmately 1/2. The forned
crystal was collected by 59 filtration and the collected crystal was washed
with diisopropyl ether and was dried under reduced pressure to give 4.41g

of (3R, 45)¢ N\ cyLt OBk Opyh - éh@y969%¥8€é8y&rbs£éiS%as washed with .
1- phenyl et hyl ] pyrroli di ne-3-carboxam de as a white crystal. 5 The filtrate

and the wa &gl@%%§§$fi'8@h¥§r§nﬁoﬂgé”Sghéﬁduﬁﬁgrt9889&88d8§8k¥ﬁgé ¥8s

concentrate educed pressure residue was purified on

a silica gel colu xane; eth ate =

Sthyl acelatEs 4 ﬂ‘% bE5! Rttt T OnarShoBbgbEr Sk ﬁéyxmséévi-ﬁamﬁi-lo
hydroxynethyl-l I-phenylethyl]gyrrolldlne 3-carboxam de. The_tota
anount  of %h@l% ﬂllmrsob&@ln (EryRpzamidggap\p) WhErenERYEEGL -
analysis (o) : Calcd for CL7H24N2Q2.0.2H2O C 69.93, H 8.42, N 9.59;
found: € 7Dhde6fiH-8aBe, andotke. waShEngpsglution were combined and the

(3R, 4S) - N-Cycl opropyl - 4-hydroxymet hyl -1-[(1S)-1
phenyl et hy¢dmiyifieli dbbheedt casboxantdet t4tb4ghndes dedsokdefdresBure. The
N, N- di net hyl f ormam de (180nmL). Wile this solution was 20 cooled on an ice
bath, im dazgher{Rg6/83iahd §8Etpurified 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 C37Hy4N0,°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, 4S) -N-Cyclopropyl-4-hydroxymethyl-1-[(15)-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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but yl chl or odi met hyl si |l ane (4.72g) were sequentially added. The m xture was
stirred at roomtenperature for 90m n and was subsequently concentrated
under reduced pressure. The resulting residue was dissolved in ethyl
acetate (300nL) and 25 the solution was washed with water (2 x 100nL),

foll owed by 60 drying over anhydrous sodi um sul fate and concentrati on under

reduced prassung: of e LERYLELDY EaLAHCSHITARYT LELCLoARoR Atk 62 08k

colum (elua tate) to give

(3R 4S)-N-¢ r,O I- tert but yI di |SI| nmet h

(15)-|-pha%§ ?ﬂyﬁ¥ 57 ?rd.tts %%HEE %1 U YTF LS 2321 ke
product é mz: =402 ﬁ .

(3R, 4S) - N-&Y ’r%%r%%%cgfl%“tl@r e%HP?FdrnﬁFHWsF‘F?FFte to give 7.05g of
oxynet hyl -1 -[ (i S)-1-phenyl et hyl ] pyrrolidi ne-3-carboxam de (7.00g) was
di ssol ved (B8Rt 6B ueNecyZbapFoprYb-thi(sestrbutyhddimbohansidiydeobymesbyfii-de
conplex (2.201) was added and the m xture was heat-refluxed for 5 hours
whil e bei ng(38) riephedpl Suhgdfpepibyidihe-Beaatrboraniibune wapaakl owed to
cool to roomtenperature. Follow ng addition of a 10% aqueous solution of
sodi um carpgnabg {420h) ket peoli;xture was stirred at 100C for 1 hour and
the toluene | ayer was separated. The toluene |ayer was washed with water
(2 x 30m) s“@§19fh?9 20 Qyer gnﬁydrous sodi um sul fate, and was then
concentrated

Step 3:

10 (3R, 4S) -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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under reduced pressure. The resulting residue was purified on a silica gel
colum (eluant = hexane: ethyl acetate = 4:1) to give 4.78g of
(3S,4S)-4-(tert-butyl dimethyl silyl)oxynethyl-3-

cycl opropyl am nonet hyl -1 -[ (1S) - 1- phenyl et hyl ] pyrrolidine as a 25 colorless
oil. 61 Step 4: (3S,4S)-4-(tert-Butyldinethylsilyl)oxynethyl-3

cycl opropyl am nonet hyl -1 -[(1S) - 1- phenyl et hyl ] pyrrolidine 5 (4.70g) was

di ssol ved in dichloronethane (70nL). To this solution,
di-tert-butyldigarbonate (2.77g) was added and the mxture was stirred at
roomtenperature for 2 hours. Subsequently, the reaction m xture was

concentrated und duce ressure.and the resulting residue was purified

on a 10 silica g§$st%§hﬁ§_?5?555?u£y%§%%ﬁéby%?h ¥ig8§?%?§ﬁ¥923i, shifted

to 1:1) to give 5.28g of (3R 4%1-3-&&N—tert- o

but oxycar be¥§t ORE e ¥T aBtBpYe AKi noT fblByrlzpperyiethyllpyrrolidine

butyl di met hyl si |yl )oxymethyl -1-[(1S)-1- phenylethyl]pyrrolidine as a

colorl ess 641705 &repdEsspivedssn(@Ajchloromethane (70mL). To this

(3R, 4S) - N- Cycl opropyl - 4- hydr oxynet hyl - 1| -

[ (1S)-1- pheaylheiby) | pyrtoertdbueyBdtasbbxastde (£17489) waasaddedsahdedhin

toluene (15nL). To this solution, a borane 20 dinmethyl sulfide conplex

(0.65mM) vasxeddedyandsther8HXLHr €oom 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,48)-3-[{(N-tert-
butoxycarbonyl-N-cyclopropyl)amino]lmethyl-4-(tert-
butyldimethylsilyl)oxymethyl-1-[(1S)-1-
phenylethyl]pyrrolidine as a colorless oil.

15
Step b:

Process (A): (3R,4S)-N-Cyclopropyl-4-hydroxymethyl-1-
[ (1S)-1-phenylethyl]lpyrrolidine-3-carboxamide (1.49qg) 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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was heat-refluxed for 6 hours while being stirred. Subsequently, the
reaction mxture was allowed to cool to roomtenperature. Follow ng
addition of a 10% aqueous solution of sodium carbonate (12.4nm), the
m xture was 25 stirred at 100C for 1 hour and the toluene |ayer was 62
separated. The toluene |ayer was then washed with water (10nL) and was

dried overg %‘Q}fﬁl{g S M%%%étﬁ.}y@'&é’w%n%&%ﬁw%ﬁh water

di -tert-butyl di carbonate (1 mxture was stirred at

t t 30 d b dt t

The r eact | DHORFkCTh WA ChBRC BEREeALFArEaTanaRH PEaagLs® Fesiﬁs?ﬁaﬁan@he
resulting residue was purified on_a sili colum (el uant = hexane:
ethyl ace?@tetion:af €4 Hpve- @ugﬁbdeaféﬁPﬁ%? 31 LR9Y er the mixture was

but oxycar bonyl - N- cycl opropyl ) am no] net hyl - 4- hydr oxynet hyl -1 10

[ (1S) -1 - phehyreedyat pyeenl teinperasupal éobr d@nior gstavas PrbsesvenBly
(3R, 4S)-3-[ (N-tert-But oxycarbonyl -

cycl oprbpys) howad] et byhnd- (rerhibhtyl dimetbydstigh )mixture was then

oxynmet hyl -1-[(1S)-1I|-phenyl ethyl ] pyrrolidine (3.02g) was dissolved in

t et rahydr ofghasnt A80Ld un¥bil ectiibsdspktbaReWand19he0eked 18 ndn rege doat h,
tetrabutyl ammoni um fluoride (I nol/L tetrahydrofuran solution, 7.42ml) was

added dro See;a@pgfigs offi XUt es aé&' Ebelnd! (E9QdhEeIPREALUEE LOh 2
. guent a saturated agqueous so utlon 0 i'um chl or
(60nt) masagggggeagd ET? E%X&¥%8 Tagoextraggﬁd4£6tg ?tﬂxtert—
butoxycarbonyl-N-cyclopropyl)amino]methyl-4-hydroxymethyl-1-
10 [(1S)-l-phenylethyl]pyrrolidine as pale brown crystal.

Process (B): (3R,48)-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 (1lmol/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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20 acetate (2 x 150nL). The ethyl acetate extracts were conbined and the
conbi ned ethyl acetate |ayer was washed with a saturated aqueous sol ution
of sodiumchloride (2 x 100nL), followed by drying over anhydrous sodi um
sulfate and concentration under reduced pressure. The resulting residue 25
was di ssolved in ethyl acetate (1 Or) and the fornmed crystal 63 was

col lected pysfibiiatton, pyasiweshedom thad §ABhEdalRUAL a gﬁagqhxhoaﬁetate
and was then dried under reduced pressure to give 781ng of

(3R, 49) - 3- §h5{ﬁ%% %9%¥§ar9§8y%ay t eP Frﬁ?gsynﬁer reduced pressure

cycl opropyl)amn 4 hydr oxymet

phenyl et hy] | pyrr ol ne a LLe cr a Ih iltrat t he washi ng

sol ution egﬁ%%b?géﬁgaﬁg ?ﬁghé%ﬁbgnizﬁ #Sﬁﬁi§u£P§¥8?r§§§y ofcent r at ed

under reduced_pressure. The_resulting residue was Eurlfled on a silica gel

col urm (el G¥AHORr pRYAhaningi ReFhylaf zhudroxynsthylglyé | ééﬂlﬂlonal 1.43g of

(3R 4S)-3 10 [(N-tert-butoxycarbonyl -Ncycl opropyl)am nol net hyl -4

hydr oxybetbligenylethgll pyphehytenaybbpyr wbitdi aeysthé-t ofke falfbmte oind he

compound was 2.21g. M5 (El) mz: = 374 (M+). Elenentary analysis (%: Calcd

for C22H34tR2O3wath¥0g55¢ 1t DodSwerdScdhnBid8d aondntheCcdfibbbedHo®ga81icN

7.52. Step 6: (3R 4S)-3-[(N-tert-Butoxycarbonyl-Ncycl opropyl)am nol

net hyl - 4- hydyexynes hybntebt L Stcl- Bhasy! ebhykbbaypreksdirBe The resulting
residue was purified on a silica gel column (eluant = hexane:
ethyl acetate = 1:1) to give additional 1.43g of (3R,4S8)-3-

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

MS (EI) m/z: = 374 (M%).
Elementary analysis (%): Calcd for CyH3yN,03: 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 dissclved 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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20 (2.66g) was dissolved in dichloronmethane (40m) . Wiile this solution
was cooled on a sodiumchloride/ice bath, triethylamne (1.05n) was
added. This was followed by dropw se addition of methanesulf onyl chloride
(0. 58nmL) . After being stirred at -5*C for 30mn, the reaction m xture
was 25 washed with water, was dried over anhydrous sodium sul fate, 64 and

uas then conseglsatfdunderohedueed BRASIULEa.THA oEesULLENG shsi due vas

di ssolved in tetr uran I'S SO ion, tetrabutyl anmoni um
fluoride (lLnol/L. tetrahydrofuran.solutign, 21.3nL s .added d._the

M xture: 5 SRSt hERRY EFFRYER pEr 9L ReRYtlntna therrvERR R R dactPon
m xture was_ concentrated under reduced pressure and the resulting residue

was di ssol ¥BES| oLt hyPnackehraludpdaINonitRe fétRVEdgc LB /S0l uti on was
washed with water (2 x 50nL), was dried over anhydrous sodium sul fate, and
was then l10etvacearefteanuadéntieducdd. pnésswre. alidedr endl thegmiasivdge was
purified on a silica gel colum (eluant = hexane: ethyl acetate = 4:1,
shiftedst owds lhedo-ge¥euted3goof 2( BBu4S) wBile being stirred. The

[ (N-tert-butoxycarbonyl -N-cycl opropyl ) am no] net hyl -4

fl uoromet hybabtibAShiktobenybet Byhtpyekatidi 08das 2epaked pochikowe bak |ike
product. M5 (El) mz = 376 (M+) . Step 7:

(3R 495) - 3- [ {0 bert 1 Buhgxycat Baaylia b 6YSLaRLany i hagkioh acetate (200mn).

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, 48S)-3-
[ (N-tert-butoxycarbonyl-N-cyclopropyl)amino]Jmethyl-4-
fluoromethyl-1-[(18)-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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20 met hyl -4-fluoronethyl -1-[(1S)-1-phenylethyl]pyrrolidine (1.10g) was

di ssolved in nmethanol (20nmL). To this solution, a suspension of 10%

pal | adi um carbon (230nmg) in water (4nlL) and amonium formate (921ng) were
sequentially added and the m xture was heat-refluxed for 90m n whil e being
stirred. 25 Subsequently, the catalyst was renoved fromthe reaction 65

m xture meikt&f@tE%nfibtﬁgﬂboﬁ Eﬁkbhghpadgeimeergaavedrh@aiéma@édand the
Celite pad were washed with ethanol containing 20% water. The filtrate and

the “ﬁShi”8a§§iﬂé£°Qnd“€ﬁ§ @8ﬂ?£@eﬁa3n9%£?ewg%gg%ﬂ?gtﬁogghgﬂelmas

concentrat ed nder reduced pressure. er was then added to the
resulting residue. Wiile this mxture was cooled on an ice bath a 30%
aqueous so?%?%%ﬁnb?gs%éfuﬂ?tﬁﬁroﬁ#ﬁ%:Qb. LoD © I&?%ﬁﬁpgﬁiﬁ{HEﬁ%ﬁsic
(pH14). The m xture was subsequentl| extracted with dichl oronmet hane (50nL

X 2). The 1oL | cAMBtBREt AARetRBRt FAEPSNREr 8°LBRbPRed2SWASRER M BReHat er (2 x
20m.), and the conbi ned di chl oronet hane | ayer was dried over anhydrous
sodi um sul tader angddwasdt heasgvneentWatted (el wagiudeeh prddediree The
resulting residue was purified on a silica gel colum (eluant =

di chl or onetdsmet ingt hasblue. 200H)1d 5cHis ghisec BBdmp ©fcooled on an ice

(3R, 4S)-3-[ (N-tert-but oxycarbonyl - N-

cycl opr opybaanj ng] 38t hyhudohikussoiet byl pyr s6hi dinnByasogipal Rasbrawed to
tar-like product. M5 (ElI') mz = 272 (M+).
make the mixture basic (pHl14). 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)carbonyllpyrrolidine (150g) was dissolved
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20 Reference Exanple 15 Synthesis of (3R 4R)-3-cycl opropyl am nonet hyl -

nmet hyl pyrrolidinetrifluoroacetate Step 1:

1-Benzyl -4-(R)-nmet hyl -3-(R)-[ (4-(S) - phenyl -2- 25

oxazol i di none- 3-yl ) carbonyl ] pyrrolidine (150g) was dissolved 66 in

cycl opropyl am ne (650nmL). The m xture was stirred at room tenperature for

23 hours ang %‘gélé 8§gE§H££¥ ?8@6 pirat mx’gdﬂgﬁﬁré §99t-9£f%§”5€ I8t he

resulting res opr opyl er (8 dded and e M xture was
stirred at_room5_tenp or 70m.n. The crystal wa

col | ected BUNPPFEFAFToRoEThE BORFECPRY HPyoraPSaduephin CHsepriagern.
dlchloronethane (800nm.) and the solution was extracted with I npl/L

hydr ochl or #RA&E| HEERCRIAPBREFULEThel © | 1 / TSyl bed| 625 £@Ri dekEPREPRY her e
conbi ned. Wile the 10 conbi ned solution was cooled on an ice bath, a 30%
aqueous setheronBefmbodivam Ajddedxpdd whe addsdreowaakettsedokit reopm basic
(pH 3). The resulting crystal was collected by filtration, was

sequent b al tympashedrai fhrwadeinandThali tsopl ojyd et yhetal anas walsehhen dri ed
under reduced pressure 15 to give 52.2g of

(3R 4R) -1 -&opﬁaéyédl\byygmefaeybn4 nﬂ@yéoﬁxe@eyécﬂ%tﬁs@@ya«w@x\@mﬂe as a

white crystal. Step 2 (3R, 4R) - 1- Benzyl - N- cycl opr opyl - 4- net hyl -

’ dissolved in dichloromethane (800mL) and the solution was
extracted with 1mol/L hydrochloric acid (2 x 400mL). The
lmol/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,CO3; (400mL) was
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20 pyrrolidinecarboxam de (70.0g) was dissolved in toluene (700n) . Wile
this solution was cooled on an ice bath, a borane-dinethyl sulfide conplex
(90% 34.3nm.) was added dropwi se. The m xture was then stirred for 15mn
and was heat-refluxed. After the reaction m xture was cooled to room 25
tenperature, a 10% aqueous sol ution of Na2CO3 (400nL) was 67 added and the

m xture wagqgtdr&ed ehe Q0L hipe RaboytsrrdReatmuybucerwasocggled.t orgoom
tenperature and the toluene | ayer was separated. The tol uene | ayer was

then WaSheHdX“c&PeV\@SErco&feé 230, dm E‘@ﬁ QEéggrQVSEdaEHXdEBEEeEQdhH%Er

sul fate was 5 concentrated under uce pressure The resul ti
resi due was purrfr $ strl tron under redu pre sur obtarn
(3S,4R) - 1- %%ﬁz??p§ %y% Opr ‘?Ia lhdﬁ%t% ﬁ-%ﬁﬁrr rW%ﬁ' O?Gﬁaﬁ a

colorless oil. 10 Step 3: (3S 4R -1- Benz | - 3- cyclopropylanlnoneth | -4
nethyrpyrrér.ﬂ.%éores 0ﬁ§5m%%l6?598?€eanFMdEPHén6Pd%E@0ﬁE} ateg eﬁeswas
solution, trifluoroacetic acid (15.7nL) and 10% pall adi um carbon (12.5q)
were addedcemderhtahest undenasedscedi predsurer odthe eppebiiing fosidudours
under a hydrogen pressure of 3.9x105Pa. The catal yst was collected from
the reactvas puxifiiedbyyfdistallaniandundsrwasbededi phestsharoko cbntanni ng
25% wat er (300nmL) . The filtrate and the washing solution were conbi ned
and the copBspnerd) solpéheP1¥aScyclopropylaminomethyl-4-methylpyrrolidine

(62.1g) as a colorless oil.

10 Step 3:
(3S,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 methylpyrrolidine-trifluorcacetate as a white crystal.
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20 concentrated under reduced pressure. The resultant pale brown crystal
was suspended in tetrahydrofuran (100nm.) and was collected by filtration.
The col l ected crystal was washed w th tetrahydrofuran and was dried under
reduced pressure to give 34.1g of (3R 4R)-3-cycl opropyl am nonet hyl -4 25
met hyl pyrrolidinetrifluoroacetate as a white crystal. 68 Exanple 1
Synthesis of (3R)-10-[(3S)-3-cycl opropyl am nonet hyl -1 -
pyrrolidinyl]- 9 fl uoro- 3-fl uoronet hyl -2, 3-di hydro-7-oxo-7H 5
pyrido[ 1, 23 fé[} 4] benzoxazi ne- 6- carboxyllc acid Process (A):
[ (3R) -9, 10- ff??uoro 3-fl uoronet hyl -2, 3-
di hydr o- 7- oxo- 7FL- i 1, 4] benzoxazi ne- 6-

i ) 03 cygigpropylaminomethyl-1-
cyclopropylanlnonethyl-yr ol i d|ne (24 7g) trlethylanlne 10 24 6nL) and
di net hyl supyY6%p ded{ By s ied 1 1 hydd
stirred at 70C for 1 hour Subsequently the reactlon m xt ure was
concent b at pdriddél, 2y Bddeedl [ pyr é3baneocandihbhe6reaubbkygdiceaicdde was purified
on a silica gel colum (eluant = dichloromethane: nmethanol = 10:1). 15 The

el uates were conbipedsandaf he[¢grbi-nedospl vl i:eRowdsf1aerepBEhgted, grder
reduced pressure. To the resulting residue, 80% ethanol (2500nL) and

trlethylanaﬂﬁyézé €DB%OM@ﬁe gg§89 [and éha ga%&ua$b@@§oasa&n@e%Luxed for 2

hours while being stirred ubsequéenfly, e feaction mxture was left on
an carboxylato-0°,07]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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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 (300m), and was then collected by filtration. The

collected crystal was dried under reduced pressure and was purified on a
silica gel 25 columm (el uant di chl or onet hane: nethanol = 10:1). The 69

el uat es “E%fu&Q@P'ﬁ@Pea@@hﬁbﬁeﬁogﬁan@HeSQ&MEiHQd“@éluEQBﬁeQBEated under
reduced pressure. The resulting residue was dissolved in ethanol (2000nL)

{emerat UrE C‘?%*@%al?ﬁéﬂﬁéﬁ T A

Qe Se&d; 4 pom

|on and t he

col | ect ed Cr% was O$Q?%ﬁ§g%€le%g@§8§L? by“ﬁéagihgdaﬁﬁdgﬁe Ledueed,

pressure tH*
cyclopropylanlnoneth I-I-p rrolidinyl]-9-fluoro-3-

f1 uor onet hyas 22 Bleli ey dv@- 7 @&% ferpYfi BepLs2ag ggom temperature. The
d, e][1, 4] benzoxazi ne- 6-carboxylic acid as a yell ow powder. Process B: To
dichIorbnerﬁambtsntucrpﬂt§27@at)collected by filtration and the

bi s(acetato-0)[ (3R)-9, 10-di fl uoro- 3-fl uoronet hyl - 2, 3-di hydr o-

7- 0x0- 7TH pysitetde@, Srdseidl lwds braznsazinenbechahoxyhatiowad B8riBd7uhberon

(22.69), (3R -3-cycl opropyl am nonet hyl pyrrolidine 15 (8.41Q)

and

triethyl am-oguédd 598 s¥ere addgdyangdst hg BEXRQRﬁelmﬁ% (8khowed to stand at

roomtenperature for 13 hours.” Subsequeéently,

reaction m xture was

a

sequent i al Ly ygshed, ) Wit RonetfD1 (2090} o 20d: A, 7L YL 21 6d-Bayeous sol ution of

sodi um
fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[1l, 2, 3-

10 d,elll,4]lbenzoxazine-6-carboxylic acid as a yellow powder.

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

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

3-dihydro-

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

0%,0"1boron (22.6g), (3R)-3-cyclopropylaminomethylpyrrolidine

15 (8.41lg) 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% aqueous 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

70
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chloride (50m ), was dried over anhydrous sodium sul fate, and 20 was then
concentrated under reduced pressure. The resulting residue was purified on
a silica gel colum (dichloromethane: nethanol = 15:1) to obtain a yell ow
anor phous product. To this product, a 5% aqueous sol ution of acetic acid
(100m.) was added and the m xture was stirred at 80'C for 3 hours. 25

Subsequent LyerLRg N@86LEON Mt HL e Masyyashed Whthe ﬁ&*ﬂ&i éh gﬁeié&ebath

(100mL). While the m xture was cooled on an Ice a | nol aqueous

mixture wad FRPLGy SGePPrEas ‘f"”‘%l%%d%%ouPgl%éybgé%ﬁdsﬁwta%r7 e A

collected by.filtration washed with purified water (2 x 50nmL » and
was then é%EEFvE |ﬁHeFﬁaﬁoﬁl(f?§0ﬁEF Hﬁxﬁ€§€|ﬁés fﬁét§€Fu§Féﬁr

allowed to stand at roomtenperature for 12 hours. Subsequently, the
resul ting Bryshanréas Eer | eeveltant ¢rvstalivas tolleweddbhywlshtngthonh
et hanol and drying under 10 reduced pressure, to give 11.2g of

(3R) - 105[ (88¥- Basbydl sptbpphanifnedeivhyker! -(Ry xr 60mdi) Ry lajdd whlsu ahen3-

fl uor onet hyl - 2, 3-di hydr o- 7- oxo- 7H-pyri do[ 1, 2, 3-d, e] [ 1, 4]

benzoxazi ngiésearbaxyhi etaghd1ag 1209l owyChysiahng . MSTLE! 3818+ 144 %wh M)
15 Elenentary analysis (% : Calcd for C21H23F2N304: C 60. 14, H 5. 53, N

10.02; foupdioGeB0tBlstbha: 47 rNof $4mpEXa®Rhke Zor 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[1,2,3-d,e] [1,4]
benzoxazine-6-carboxylic acid as a yellow crystal.
MS (EI)m/z: 419 (M%).
15 Elementary analysis (%): Calcd for C,;Hp3FoN304: 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[1,2,3-d,e]l [1,4]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-
7T-oxo-7TH-pyrido([1,2,3-d,e] [1,4]benzoxazine-6-carboxylato-

25 0°%0'] boron (982mg) was reacted with (3S)-3-
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Synthesis of (3R)-10-[(3R)-3-cyclopropyl am nonet hyl -1 20
pyrrolidinyll-9-fluoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7TH
pyrido[1l,2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid In a simlar manner to
Process (B) in Exanple 1,

bi s(acetato-0)[ (3R)-9, 10-di fl uoro-3-fl uoronet hyl -2, 3-di hydr o-
7-0X0-7FFp&ﬁéﬂ@&é@@yﬁaﬂiﬁ&ﬁétﬂi%%%f@%@l&ﬂﬁe619§5H@¥yh§F@i%é 886mg0of ]

boron (982nmg) was reacted with 71 cycl opropyl am nomet hyl pyrrolidi ne

335 t Lve, 58 fo _ o fai o
(oo Teh. | (Y 8BTS P cvchopropyl pminomethyl Gl pyprglidinyl) -

fluoro-3-fLuoronethyl -2, 3-dj rg-7-Qxo-7H pyri do 2, 3- .

0, o1 1. 4] bEhSORRs bt BOEAPBORYI T - AcPAnKar 8 Y aPFaw Hr PYF Ao 1s2p8-
(FAB+)m z: 420 éNPH%?. El emrentary analysis (0).: Calcd for

- C21H23F2N3tue b 25 fplernecsaz5pe-6FCarBexy LG, 9¢1df Bfna: YEL59W6STYALE147, N
9.97. Exanple 3 10 Synthesis of (3R)-10-[3-cycl opropyl am nonet hyl -1 -
pyrroli%i Y] {BAB Utz 330 udtbnet hyl - 2, 3- di hydr o- 7- oxo- 7TH-

pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne-6-carboxylic acid In a simlar manner to
Process (Bplémelxanpl 8ndlysis (%): Calcd for CiiHz3zFuN304°0.25H,0: C 59.50,
bi s(acetato-O [ (3R) -9, 10-di fl uoro- 3-fl uoronet hyl - 2, 3-di hydro- 15

7-oxo- 7TH-pyredep L. B, 8: dig] Fdudbibeozesazbnenbscarhoxybabo . 06, O7] bor on
(513nmg) was reacted with 3- cycl opropyl am nonet hyl pyrrolidine (185ng)to
gi ve 231ng of

(3R)-10- (3-cycl opropyl am nonet hyl -1 - pyrrolidinyl)-9-fluoro-3-

Example 3

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

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

pyrido[l,2,3-d,e][l,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][l,4]lbenzoxazine-6-carboxylato-
0%,0"1boron (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]l [1,4]
20 Dbenzoxazine-6-carboxylic acid as a yellow crystal.
MS (FAB")m/z: 420 (MH").
Elementary analysis (%): Calcd for Cjy1Hy3F:N304°0.25H,0: C 59.50,

H 5.59, N 9.91: found: C 59.41, H 5.41, N 9.809.

25
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fl uor onet hyl - 2, 3-di hydr o- 7- oxo- 7H-pyrido[ 1, 2, 3-d,e] [1, 4] 20

benzoxazi ne-6-carboxylic acid as a yellow crystal. M (FAB+)nfz: 420 (MH)
. Elenmentary analysis (% : Calcd for C21IH23F2N3O4. 0. 25H2O0 C 59.50, H
5.59, N 9.91: found: C 59.41, H5.41, N 9.89. 25 72 Exanple 4 Synthesis of
(3S)-10-[(3S)-3-cycl opropyl am nonet hyl -1 -
pyrrolidingkL-Bl%lgoro-2,3-dihydro-3-nethoxynethy|-7-oxo-7FL
pyrido[1,2,3-g,e [ 1, 4] benzoxazi ne-6-carboxylic acid 5 In a siml|ar manner
to Processq(B in.ExagpIg 1io0-1(3
bi s(acet at ; ; N _ .
met hoxymet hyl - 7- oxo0- 7H-pyri_do[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6-
carboleatB§ESEE§§§BX$$EEZ§AHéfoﬁ2Q3Fg§ kgﬁo&ﬁFWthﬂﬁymﬁthyl‘7‘OXO‘7H‘

cycl opropyl am nonet hyl pyrrolidine (303ng) to give 602nmg of 10

(3S)-10-[ (BBridodyelopgrdpgl aki Adkenapkariperbolcadboyly]lig- acid

fl uoro- 2, 3-di hydr o- 3- net hoxynet hyl - 7- oxo- 7H pyri do[ 1, 2, 3-

d, e][1, 8] benzoxaZnne- §inai boxybhhoeactd &soaeyel [(BW dnyE&kampleMd,( FAB+) m z:
432 (MH) . Elenentary analysis (0) : Calcd for C22H26FN305: C 61.24, H
6.07, 15 Bi9(F4etheund) [€361-0}10H6£04orN-2, B3diBYamele-5 Synthesis of
(3S)-3-acetoxynet hyl -10-[(3S) - 3- .

cycl opr opyhafhBRURLEHL117R¥LRECh ALY ho91f buar; 2131dihudt 00 xazine—6-

) 533C ropylaminomethyl-1-

carboxylato-0%,0"lboron (790mg) was reacted with (3R)-3-
cyclopropylaminomethylpyrrolidine (303mg) to give 602mg of

10 (35)-10-[(3S)-3-cyclopropylaminomethyl-1l-pyrrolidinyl]-9-
fluoro-2,3-dihydro-3-methoxymethyl-7-oxo-7H-pyrido[1, 2, 3-
d,e] [1,4]benzoxazine-6-carboxylic acid as a yellow crystal.
MS (FAB') m/z: 432 (MH').
Elementary analysis (%): Calcd for C,yHy¢FN3Os: 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-1l-pyrrolidinyl]-9-fluoro-2,3-dihydro-

20 T7-oxo-T7TH-pyrido[1,2,3-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[1l,2,3-d,e][1l,4]benzoxazine-6-
carboxylato—06,07]boron(934mg) was reacted with (3R)-3-
25 cyclopropylaminomethylpyrrolidine (337mg)to give 612mg of
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20 7-o0xo-7Hpyrido[1, 2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid In a
simlar manner to Process (B) in Exanple 1,

bi s(acetato- O [ (3S)-3-acetoxynet hyl -9, 10-di fl uoro- 2, 3-

di hydr o- 7- oxo- 7Hpyri do[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6- car boxyl at o- O
6' 07] boron(934ny) was reacted with (3R)-3 25

cycl opr opy| 3g) nonBtSybRYhE Oh{ Ol neL 140 )
(39)- acekogbneth§€y yﬁé@sy 3- gyg?gg?o%yfgﬁ¥ﬁgﬁé§gﬂaﬁinzﬁethyl 1

pyrrolldlgy%} gl{éyﬁ&glcar ghg¥gr9 g%ﬂgékbpyr dol3y2 g? ﬁdo[&EZ(EAB+) _

d,e][1,4] zoxazi ne- ic aci yeI ow Ccry

460 (M) epent ary _anal ysiL.s : C23H26 6H20  C.57. 85,
VRORRICR I8 S ?@a%%zg@%%n%z’é-ﬁégggéy?%sagég B aRpl 81808 HENSERL of
(3S)-10- [(38) 3- cycl rogylanlnqnethyl-l 10 pyrrolidinyl]-9-fluoro-2,

3- di hydr o-¥2 h{/BRrBxy TH

pyrido[1l,2,3-d,e][1, 4]benzoxa2|ne 6- carboxylic acid A I nol/L aqueous

sol uti oh oElsmdeﬂrhydm@deES(8%[nL¢alcdnfatnCmgheFN3Os4b0: C 57.85, H
(3S) - 3-acet oxynet hyl | 0-[ (3S) - 3-

cycl opropyb a#i pones h§o: 1£pyndol Cdbnybl; OHf BuBBp- R, 8- dbhydro 15

7-oxo-7H pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne-6-carboxylic acid (368ng) was
stirred at 50C for 2 hours. Wiile this m xture was cooled on an ice bath,
| rol /L hydrochloric acid was added to adjust the pHto 7.05 and the

mxture was.fMrigeg stirred for 0.5 hours. The resultant crystal was
col l ected by

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

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

pyrido([l1,2,3-d,e][1l,4]benzoxazine-6-carboxylic acid

A 1mol/L aqueous solution of sodium hydroxide (8.0mL)
containing (3S)-3-acetoxymethyll0-[(33)-3-
cyclopropylaminomethyl-l-pyrrolidinyl]-9-fluoro-2,3-dihydro-

15 7-oxo-T7H-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, 1mol/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 251mg of (3S)-10-[(3S)-3~-

74



20 filtration, was washed with purified water, and was then dissolved in
et hanol (50nL) by heating. The solution was allowed to stand at room
tenperature for 2 hours. Subsequently, the resulting crystal was coll ected
by filtration, was washed et hanol, and was then dried under 25 reduced
pressure to give 251ng of (3S)-10-[(3S)-3 74

éiﬁ%ggéggﬁ%el %&ﬁ%@@%ﬁ%? F{th%Laglf‘Fzﬂ%i?%e%ﬁé%%ﬁ% jt §§PB’§§§ o
0 i e ik Ak o Os Tt Vet g T2 MR 61 (T e BRRR bR R0

59.16, H 5. 92 N 9, 88. Exanple 7 Synt hesi s of

10-[ (39) - 3C%9%?6b%bﬁy?ahiin6ﬁeﬁhyﬁl oypcrystal.

pyrrolidinyl]-9-fluoro-2, 3- d|hydro 3- net hyl ene- 7- oxo- 7H

pyri do[ 1, 24S- (FRB])1, | re bk aihe--6- car boxyl i ¢ aci d

(3R)-10-[(3S)-3-Cycl opropyl am nonet hyl -1 -pyrrolidinyl]

9-f | uor - 3eiémenvaeyhyhalysidi hydr ocZ1eyofék- pyH,dofisbs20 35180 1€ 159. 15,
4] benzoxazi ne- 6- carboxylic acid (252ng) was suspended 15 in ethanol (Inil)
. To this guspensi@ng, ast mpbhikaaqdegys189l Ht 50020f ysediggm hydr oxi de (6nL)
was added and the m xture was stirred at roomtenperature for 2 hours.
Subsequently, the reaction m xture was concentrated under reduced pressure
and the resulting residue was dissolved in purified water

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[1, 2, 3-
d,e] [1l,4]benzoxazine-6-carboxylic acid (252mg) was suspended

15 in ethanol (1ImL). To this suspension, a 1lmol/L aqueous
solution of sodium hydroxide (6émL) 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, 1lmol/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{i,2,3-d,e] [1,4]
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20 (10m ). Wile this solution was cooled on an ice bath, Inol/L

hydrochl oric acid was added to adjust the pHto 7.03 and the m xture was
further stirred for 0.5 hours. The resultant crystal was coll ected by
filtration to obtain 214ng of 10-

[ (3S)-cycl opropyl met hyl ami no-1-pyrrolidinyl]-9-fluoro-2,3 25

di hydr o- 3- et bk £0end- 9xea Zbb Ryl 180Ld: 3, 3sdaelbiidl BBuder.
benzoxazi ne- 6-carboxylic acid as a yell ow powder. (FAB+) m z: 400 (M)
. El enent gy, Sl A (Dan d for C22H23FN304. 1. 75H20: C 58.53, H
5.96, N O. ;f"?%‘%r&'?% ?aqoaz@lﬁs. 79, N 9.76. 5 Exanple 8 Synthesis of
(3R)-10-[(3S) -cycl opropyl am nonet hyl -1 -

pyrrolidi nfyl§neREapsr dnethgls 23l 8 hydrd- 796xbeafepFNs04 1. 75H,0: C 58.53,
pyrido[1l,2,3-d e][1,4]benzoxazine-6-carboxglic acid 10 _In a simlar nmanner
bi s(acetato-O [ (3R)-10-fl uoro-3-fluoronethyl -2, 3-di hydro-7-

oxo- 7TH-pyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6- car boxyl at o- 06, O7] boron (500ny)
was reacted with (3R)-3-cycl opropyl am no nethyl pyrrolidine (240ng) to give
335ny of (BRAmpDe[§3S)-3 15

cycl opropyl am nonet hyl -1 - pyrrolidinyl]-3-fluoronethyl -2, 3-

di hydro- 7- g¥Qe HEk pyr belof irP-Bod  ebE]-4]/bepgoypzi ARiAomedhhoxylic acid as a
yel | ow needle-shaped product. W5 (FABF) niz: 402 (VFF) .

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

pyrido[l,2,3~d,e]l [1,4]lbenzoxazine-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-T7TH-pyrido[l,2,3-d,e]l[l,4]benzoxazine~6-carboxylato-
0%,0"1boron (500mg) was reacted with (3R)-3-cyclopropylamino
methylpyrrolidine (240mg) to give 335mg of (3R)-10-[(3S)-3-

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

MS (FAB') m/z: 402 (MH").
Elementary analysis (%): Calcd for C;1H4EN304: C 62.83, H 6.03,

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

Example 9

Synthesis of (35)-10-[(3S)~-cyclopropylaminomethyl-1-

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

25 d,el[l,4]benzoxazine-6-carboxylic acid
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El ementary analysis (% : Calcd for C21H24FN304: C 62.83, H 6.03, 20 N
10.47; found: C 62.56, H 5.94, N 10.40. Exanple 9 Synthesis of
(3S)-10-[(3S)-cycl opropyl am nonet hyl -1 -
pyrrolidinyl]-2,3-di hydro-3-nethyl -7-oxo-7H pyrido[1,2,3- 25

d, e][1, 4] benzoxazi ne-6-carboxylic acid 76 In a simlar manner to Process

(B) in Exanple 13, 5 similar manner to Process (Bf in Example 1,
bi s(acetato-O [ (3S)-10-fluoro-2, 3-di hydro- 3- net hyl - 7- oxo- 7

pyrido[ 1, 2, 3- 4] hen Zi Re=6-carbgxyl - Ozl haron, _61 ng),_wWas
reacted mﬁ?%s?§§§£%t% §§£?§§?o%g|£§P§gﬁe h§|§§§V§?Pd§n§3F§§in§)%%%”3%Ve
335ng of 35)-10-[(3S) - 3- I opyl am nonet hyl -| - rolidignyd]-2, 3-

i hydron 3-WEE WP L7t a3 dre ) £ 1 A0PIREORan BrL b FPBERIIALPRE: & Lyl i
acid as a yel |l ow needl e-shaped product. M5 (El+) m(z: 383 (M+) . 10

B enent ar y! KAGPDE] swpsy reachpedwish (IRIDSNG04: C 65,78, H 6.57, N 10.96.
found: C, 65.58, H 6.61, N 10.91. Exanple 10 Synthesis of

(3S) - 105 (tcrnsoBropylapiopyebhyhppetrhyliddngs (431mg) to give 335mg of

met hyl - 1- pyrrolidinyl)-9-fluoro-2, 3-di hydro- 3- net hyl - 7- oxo-

7H-pyrido[ 132) 310-¢} B3) 4bbenzospzbpelbmeavhexylie lapgiydronidisimkar, sranner
to Process (B) in Exanple 1,

biS(acetat&iﬂ§&£§5%=ﬁe%9-@LﬁLHQ607QF§29&H$@&9233HBEQ I11749%@nzoxazine-
7H—pyr|do[l,2,3-d,e][1,4fbenzoxa2|ne- -car boxyl at 0Z 06" 07] bor on
6~-carboxylic acid as a yellow needle-shaped product.
MS (EI') m/z: 383 (M").
10 Elementary analysis (%): Calcd for C;1HasN304: 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[l1,2,3-d,el[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[1,2,3—d,e][l,4]benzoxazine—6—carboxylato—06,O7]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[l,2,3-d,e][1l,4lbenzoxazine-
6-carboxylic acid as yellow crystal.
25 MS (EI') m/z: 415 (M%).
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20 (300ny) was reacted with trans-3-cycl opropyl am nonet hyl -

nmet hyl pyrrolidine (136ng) to give 166ng of (3S)-10-(trans-3-

cycl opropyl am nonet hyl - 4- net hyl -1 - pyrrolidi nyl)-9-fluoro-2, 3-

di hydr o- 3- net hyl - 7- oxo- 7H pyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6-carboxylic
acid as yellow crystal. 25 M5 (El+) mz: 415 (M+) . 77 Elenmentary anal ysis
(o) : Calc 2 (§HH20¢ 2 9 f

52 30, H 6 L7 R 10 08 Banpl &1 Brbun: ho) SHipritoOTSRLY: (OW2S,
(3S5)-10-[( 4 C r nl opst hyl

met hyl - 1- p%f?o?adlny? bgp ?5%#2 @3@% Egdrg nefhy ! 8?0-

7H pyrido[1, 2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid In a simlar manner
to Process (B) in Exanple 1,

bi s(acet at o- 0)[£BSL 9, 10-di fl uor o- 2, 3-di hydr o- 3- net hyl - 7- oxo- 10

7H pyri do[B%3™81q@ &1[ 1, 4] benzoxazi ne- 6- car boxyl at o- 06, 07] boron (500ng) was
reacted wth (3R 4R)-3-cycl opropyl am no-4 net hyl pyrrolidine (226ng) to give
362y ob (3Bpthesis3sf4RPS)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-

3-cycl opropyl am nonet hyl - 4- met hyl - | - pyrrolidinyl]-9-fl uoro-

2, 3-di hydroeBhpethyby¥xokddThypyrPdblipZp32d3efihydkot8-methyl-7-oxo-
benzoxazi ne-6-carboxylic acid as a yellow crystal. M (El+) nfz:415 (M)

El enent ar y7angl¥sas ({92, 3-8ak¢d1{ a1 pEeR2HREENAB45-Ea8B080Q11H 634, N 10. 11,
found: C 6341, H 6.30, N I0.1I/7. 20 Exanple 12

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][l,4]benzoxazine—6—carboxylato—o6,O7]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[l1l,2,3-d,e] [1,4]
15 Dbenzoxazine-6-carboxylic acid as a yellow crystal.
MS (EI') m/z:415 (M)
Elementary analysis (%): Calcd for CyyHy6FN3O4: 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-1l-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-methyl-7-oxo-

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

In a similar manner to Process (B) in Example 1,
25 Dbis(acetato-0)[(3S5)-9,10-difluoro-2,3~-dihydro-3-methyl-7-oxo-
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Synthesis of (3S)-10-[(3R 4S)-3-cycl opropyl am nonet hyl -

nmet hyl - 1- pyrrolidinyl]-9-fluoro-2, 3-di hydro- 3-net hyl - 7- oxo-

7H pyrido[1, 2,3-d, e][1, 4] benzoxazi ne-6-carboxylic acid In a siml|ar manner
to Process (B) in Exanple 1, 25

bi s(acetato-0)[(3S)-9, 10-di fl uoro- 2, 3- di hydro- 3-net hyl - 7- oxo 78

7H-pyri do[ —1H2pgrgdsl i1o4% bsné@s@zu ﬁ\seﬁze%Qg}sgL@LeaQ@oQ}hQ%QW &9
reacted with (3S, 4S 3- cycl opropyl am no-4- nethyl pyrrolidi ne (226ng

el oot onofSbokdP) t%Q LGERER pipn §rroflF&rn;FfCéOPFUBV%aﬁllgo-‘l-

di hydr o- 3- ne 1,2, 3- [ ben Z|n oxyllc
acid as a Pa %¥¥8¥F5 ?§§galbggég EFQ)gﬁY% %Z%g Sﬁrgﬁeﬁt §ﬁaly5|s
(%9 : Calcd for C22H26FN304. 0. 5 H2G C 62. 25, H 6 41 N 9 90; found C
62. 23, H 6CPBLORFOPYIaminorRbhpled TethilnésPyreplidinyl]-9-fluoro~2, 3~
(3S)-10-(cis-3-cycl opropyl am nonet hyl - 4- net hyl -

1- pyrrobi dithyyyre-Btuetby2;3-dkhydHop8ridbli}l 273oxkeeTHH , 4] benzoxazine-
pyrido[1l,2,3-d,e][1l, 4] benzoxazi ne-6-carboxylic acid 15 In a sim|ar manner

to Processe{Barboxfxdopheid, as a pale yellow crystal.
bi s(acetato-O[(3S)-9, 10-di fl uoro- 2, 3-di hydr o- 3- net hyl - 7- oxo-

7H pyri do[ kg 2(B1t) qﬂig,4dp§n@@xa2|ne 6- car boxyl at o- 06, O7] boron (220ng) was
reacted with cis-3-cycl opropyl am nonet hyl -4 net hyl pyrrolidine (100ng) to

gi ve 109ngE9£mé§§gr§oaggi s%s (%): Calcd for C,3Hy6FN304°0.5 H,0: 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-

pyrido[l,2,3-d,e][l,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]l[1,4]benzoxazine-6-carboxylato-0°%, 071 boron
(220mg) was reacted with cis-3-cyclopropylaminomethyl-4-
methylpyrrolidine (100mg) to give 109mg of (3S)-10-(cis-3-

20 cyclopropylaminomethyl-4-methyl-1l-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").
Elementary analysis (%): Calcd for C,3H,sFN304*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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20 cycl opropyl am nonet hyl - 4- et hyl -1 -pyrrolidi nyl)-9-fluoro-2, 3-

di hydr o- 3- net hyl - 7- oxo- 7H pyri do[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6-carboxylic
acid as a yellow crystal. M5 (El+) mz: 415 (M+) . Elenentary analysis (0)
: Calcd for C22H26FN3O4H2O C 60.96, H 25 6.51, N 9.69; found: C 61.27, H
6.69, N 9.52. 79 Exanple 14 Synthesis of
(3S)-10-[(3S,4S)-3-cycl opropyl am nonet hyl -

met hyl -1 - pyrrolidinyl]-9-fluoro-2, 3-di hydro- 3-net hyl - 7-oxo- 5
7H-pyrido[gyx2n31d. €4l 1, 4]benzoxa2|ne 6-carboxylic acid In a simlar manner
to Process (B) in Exanple 1,

bi s(acet at ©-
7H pyri do[ £ S 6 REe—5 G
was reacted mntht£3R 4§%bh¥clo rogyf nlno 10 neth¥gpgrmet 91 &_ g452ng) to

gi ve 474ngm%t Y5 PRLY uoro-2, 3-dihyd XO—
3-cyclo rogglanlnoneth I-4 neth I-I-pyrrolldlnyl] 9-fl uor o-

2, 3-di hydr0H3ovei a9l 172 pxndzell pyr # Hoenzoxgzineipicarboxylic acid
benzoxazi ne- 6- carboxyllc acid as a yeIIOM/crystaI M5 (El+) mz: 415 (M)

. 15 Elenentary Bmadysisilay ma@aérdtd oPr@R2esR6FBBOAN0ERSRRD:e T, 62. 92, H
6.36, N 10.01; found: C 62.69, H 6.52, N 9.98. Exanple 15 Synt hesis of
(39) - 10- [ (BB 4= BatycbPp BpY+am ooaet hitbrd-220-dihydro-3-methyl-7-oxo-

met hyl - 1- pyrrolidinyl]-9-fluoro-2, 3-di hydr o- 3- net hyl - 7- oxo-
7H—pyrido[l,2,3—d,e][1,4]benzoxazine—6—carboxylato—06,O7]boron
(1000mg) was reacted with (3R,4S)-cyclopropylamino-4-

10 methylpyrrolidine (452mg) to give 474mg of (3S)-10-[(3S,4S3)-
3-cyclopropylaminomethyl-4-methyl-1l-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,sHgFN304°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 (3S)-10-[(3R,4R)-3-cyclopropylaminomethyl-4-

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

7H-pyrido[l,2,3-d,el[l,4]benzoxazine-6-carboxylic acid

In a similar manner to Process (B) in Example 1,
bis(acetato-0)[(38)-9,10-difluoro-2,3-dihydro-3-methyl-7-oxo-
7H—pyrido[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—06,O7]boron

25 (250mg) was reacted with (3S,4R)-3-cyclopropylamino-4-
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7H pyrido[1, 2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid In a sim/lar manner
to Process (B) in Exanple 1,

bi s(acetato-O[(3S)-9, 10-di fl uoro-2, 3-di hydro- 3- et hyl - 7-oxo 7
7H-pyrido[1,2,3-d,e][1l, 4]benzoxazi ne-6-carboxylato-06"0 ]boron 25 (250nD)
was reacted with (3S, 4R)-3-cycl opropyl am no-4 80 net hyl pyrrolidine (113ng)

to give 33ﬂ@t9§lﬁ§§%oi9d£ﬁ§R(ff%mg to give 33mg _of (3S)- 10 [(3R 4R) -
cycl opr opyl am hon®et hyl - 4- net hyl - -pyrro?| di nyl]-9-fl uoro- 2,

acidl o5 2 gi%*—% ??%%%?ﬁwﬁ%é%éﬁ}%éﬁ%?i’f?%ﬁ?i' ) éﬁe% e e ©

anal ysis (9 d for H26FN304. 0. . 5H C N 9 90
found: C 6 @%drﬁzr hxﬁ; 93%0 anavglge%?o 2gyh FAnediL 4f beRzoxazine-
(3R)-10-(trans- 3- cycl opr opyl am nonet hyl - 4-

net hyl - 1- pYTE_FPAXAYL G- 3CEAudF 02 3PRLBOYBARPHY FrES82adi hydr o- 7-

oxo- 7THpyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne-6-carboxylic acid In a simlar
manner %o B8 0¢BEY (B)zi tExafifle 1,

bi s(acetato-O [ (3R)-9, 10-di fl uoro-3-fl uoronet hyl -2, 3-di hydro- 15

7- 0x0- 7TH py1éfehday 3afat)bis 4l benzoxazineos- GQJPQQP‘NJO%W 68,87 1bos s,
(300ny) was reacted with trans- 3-

cycl opr opyf;agi apnefihyl o4 methyhipyer ehi dgnen($3670) nt 9 ghve 110ng of
(3R)-10-(trans- 3l cycl opropyl am nonet hyl - 4- net hyl -1 -

Example 16

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

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

oxo-7H-pyrido[l,2,3-d,e] [1,4]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]l[1,4]benzoxazine-6-carboxylato-
06,07]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 pyridol[l,2,3-d,e]l[l,4]benzoxazine~-6~-carboxylic acid.
MS (EI') m/z: 433 (M").
Elementary analysis (%): Calcd for C,HysF:N30,: C 60.96, H 5.81,

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

25
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pyrrolidinyl)-9-fluoro-3-fluoronethyl -2, 3-di hydro-7- oxo-7H 20

pyrido[1l, 2, 3-d,e][1, 4] benzoxazi ne-6-carboxylic acid. M (El+) mz: 433
(Mt) . Elenentary analysis (o) : Calcd for C22H25F2N304: C 60.96, H 5. 81,
9.69; found: C 60.81, H5.85, N 9.66. 25 81 Exanple 17 Synthesis of
(3R)-10-[(3S, 4R) - 3-cycl opropyl am nonet hyl -

met hyl - 1- pyx&e@pldi nyl ] - 9-fl uoro- 3-fl uoronet hyl -2, 3-di hydro-7-

oxo- 7TH pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne-6-carboxylic acid 5 In a simlar

manner to §$Q€§§§1§B%f'n3ﬁ¥aﬂ@L? éS 4R) ~3-cyclopropylaminomethyl-4-
bi s(acet at©o- - - -

7- 0x0- 7TH
( 18)88@) p&{é{ﬂ' /

pyrrolldlnyl] 9 quoro 3- quoronEthyI 2 3- dlhydro 7- oxo- TH

pyrido[l, 2, 3-d, el 12 47 behkokanepech- bar BERGEFE ABi diBsEEAMpEE| dw cryst al .

M5 (El +) mz: 433 (M) 15 Elenentary analysis (0) : Calcd for C22H25F2N304:

C 60. 96, Hobs8dcetato-69] (BBuUnH; 1C-80f8hprp-3-86uoKofe6BylERaRpHehyBro-

Synthesis of (3R)-10-[(3S, 4S)-3-cycl opropyl am nonet hyl -
7-oxo-7TH-pyrido[l,2,3-d,e][l,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-
pyrido[1,2,3-d,e]l [1l,4]benzoxazine-6-carboxylic acid as a
yellow crystal.
MS (EI') m/z: 433 (M").
15 Elementary analysis (%): Calcd for CyHsF2N304: 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[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-TH-pyrido[1l,2,3-d,e] [1l,4]benzoxazine-6-carboxylato-

25 0% 0"lboron (500mg) was reacted with (3R, 4R)-cyclopropylaminc-
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20 met hyl -1-pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro-7-

oxo- 7THpyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne-6-carboxylic acid In a simlar
manner to Process (B) in Exanple 1,

bi s(acetato-O [ (3R)-9, 10-di fl uoro-3-fl uoronet hyl -2, 3-di hydro-

7-oxo- 7TH-pyrido[ 1, 2, 3-dze] [ 1, 4] benzoxazi ne- 6- car boxyl at o- 25 06, O7] bor on

(S00mD). wetpfeany By I 0: 6 3R 4T o6} OPLOBYL AT, 9n G204 TERILLBLr ol i di ne

(199ng) to give
3S, 45) - 3- | opyl anj nonet hyl -4-met hyl -1 -pyrrolidinyl]-9- . ..
o o T S el o g e Y B R el NG E Ry L 1 5B kB s iny 11 -o-

d, e][1, 4] benzoxazi ne- 6-carboxylic acid as a yellow crystal. 5 M5 (El+) m z:
433 (M) .fkw%ﬁ%nﬁaf¥u9ﬁ9m?§h¥1(@@3TdEHV@HOfﬁrO€22ﬁ§5PZNSGQi1626§796, H
5.81, N 9.69; found: C 60.79, H5.91, N 9.77. Exanple 19 10 Synthesis of
(3S)-10- (tdambi B, ¢}ycénponpyinei-honerhykydic acid as a yellow crystal.
trifluoronethyl-1-pyrrolidinyl)-9-fluoro-2,3-di hydro- 3-

nmet hyl -5- ox®- (ke pymao] 1433 3edt)e] [ 1, 4] benzoxazi ne-6- carboxylic acid In a
simlar manner to Process (B) in Exanple 1, 15

biS(acetat@l&&é&§§}-9aﬁ91SEEEUQ%9;2c§1éahfeE0c§gg?t by 7-©%80.96, H 5.81,
7H pyrido[1, 2,3-d, e][1, 4] benzoxazi ne- 6- car boxyl at o- "0 ] boron (300ngy) was

reacted wifhyt gansy3;cycl epggpybaningnethyl-4 47

Example 19

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

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

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

carboxylic acid

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

15 Dbis(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—06,O7]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][l,4]benzoxazine-6~carboxylic acid.
MS (FABY) m/z: 470 (MH").
Elementary analysis (%): Calcd for CyzH,3FyN304: C 56.29, H 4.94,
N 8.95; found: C 55.97, H 4.84, N 9.00.

25
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trifluoronethyl pyrrolidine (198ng) to give 87ng of (3S)-10-

(trans-3-cycl opropyl am nonet hyl -4-trifluoronethyl-1- 20
pyrrolidinyl)-9-fluoro-2, 3-di hydro- 3- et hyl - 7- oxo- 7H
pyrido[1l,2,3-d,e][1l, 4] benzoxazi ne-6-carboxylic acid. M (FAB+) niz: 470
(MH) . Elementary analysis (% : Calcd for C22H23F4N304: C 56.29, H 4.94,
N 8.95; fopRpehmpe52097, H 4.84, N 9.00. 25 83 Exanple 20 Synt hesis of
(3R)-10-[(3S, 45) - 3-cycl opropyl am nonet hyl - 4-

LE- 9341 U0 01 335 yos OgELhyl

imlar
bi s(acet at® : Ry -dihydro-7-

7-oxo-7k+pyrido£1,2,3-d e][1l 4]benzoxazine-6-carbox¥lato- 06, O7] bor on
(500ny) welXPeh Ter%ﬁle( p?ld)ehjl,4]benzoxa21ne— -carboxylic acid
cycl opropyl am nonet hyl -4-f | uoropyrrolidine (204ng) to give 10 387ny of
(3R) - 10-[ (3S, 4S)IB-zysimptapyhamepnee hfrodessudBo- in Example 1,
1-pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7TH

pyrido[ 1, Z>3sdaedfdtd}OpnzBRAzDpeo6dcalhoxylBefanabdomstAypabe3-ydehlyawo-
crystal. M5 (FAB+) :mlz=438 (M) 15 Elenentary analysis (% : Calcd for

C21H22F3NB@4éx5;5ﬁv§§rihb51QZ,3—&,83@1;4ﬂBéﬁgbxgé§ﬁe43rcﬁr509}laNog-57-

0%,0"1boron (500mg) was reacted with (3R,4S8)-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,1HyyF3N304: C 57.66, H 5.07,

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

Example 21

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

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

pyrido(l,2,3-d.e]} [1l,4]lbenzoxazine-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[1,2,3—d,e][1,4]benzoxazine—6—carboxylato—06,O7]boron

25 (64.6mg) was reacted with (3R,4S)-3-cyclopropylaminomethyl-4-
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Exanpl e 21 Synthesis of (3S)-10-[(3S, 4S)-3-cycl opropyl am no-4-fluoro-1- 20
pyrrolidinyl]-9-fluoro-2, 3-di hydro- 3-net hyl - 7- oxo- 7TH
pyrido[1l,2,3-d.e][1l, 4] benzoxazi ne-6-carboxylic acid In a simlar manner to
Process (B) in Exanple 1,

bi s(acetato-O [ (3S)-9, 10-di fl uoro-2, 3-di hydr o- 3- et hyl - 7- oxo-

P Gl e G i o o

was reacted wt cycl opr nonet uor opyrrolidine
(25.0mg) t ive.18.5 f (3R)-10- oy

[ (35,49 - L 91 5T 0By T RrToBE AET OB BT 456 PaFPal g FgLidiny1) -9-
fluoro-2,3-di hydro-3-neth I-7-oxo-7kkp¥rido[1 2, 3- .

d. e] [ 1, 4] bERIDXAZY nd- Bl LEAESx 3T RetRY! a7 a8%a yBrP¥H i 8kder, 35 M5 ( FABY)
m z=420 (M+) . HRMS (FAB+) : Calcd for C21H24F2N304: 420.1735; found:
420.1747. E&xahpl ed Poesyaxhpsng-pfcarboxylic acid as a yellow powder.
(3R)-10-[(3S,4S)-3-[ (N-tert-but oxycarbonyl-N 10

cycl opr bpyM3 ani-aR])met fut420 f (MBS anet hyl -1 - pyrrol i di ne] - 9-

fl uoro-3-fluoronethyl -2, 3-di hydro-7-oxo-7H pyrido[1,2,3- d.e][1,

4] benzoxazijres 61 BABDOX YA CecdCf® Cp1HogFoN3O4: 420.1735; found: 420.1747.
Bi s(acetato-O[(3R)-9, 10-di fl uoro- 3-fl uoronet hyl - 2, 3-

di hydr o- 7- oxo- 7H pyri do[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne-6- 15

car boxyl at o- 06" 07] boron (912mg), (3R 4S)-3-[(N-tert

but oxycar bonyl - N-cygl opropyl ) am no] net hyl -4- fl uoronethyl pyrrolidine
(640ny) , tgfééf‘%%a%gne (0.33nL) and

Synthesis of (3R)-10-[(3S,4S8)-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]lbenzoxazine-6-carboxylic acid

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-

15 carboxylato—06,07]boron (912mg), (3R,48)-3-[(N-tert-
butoxycarbonyl-N-cyclopropyl)amino]methyl-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
5% 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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acetonitrile (17m.) were m xed with one another and the m xture was
stirred at 60C for 90m n. Subsequently, the 20 reaction m xture was
concentrat ed under reduced pressure and the resulting residue was purified
on a silica gel colum (eluant = ethyl acetate: nethanol = 20:1). To the
eluate, a 5% aqueous solution of acetic acid (17nL) and ethanol (10nL)
were addedcantethednbit i etwasishirwed ahsBOE {9en2ahREkSurdSoFhgaleXxt ure
was allowed to cool and the resulting crystal was 85 coll ected by

filtrationynhuas:maghed EhahwésnkﬁéHrgrQEdmﬁhﬁér aaduekhapekssand was then

dried under reduced pressure to give 9

(3R) -1 0- [( 4S 0 yh- _ _ L
cycl opropy anl%%%nétﬂyl?gﬁ IE%rﬁXe?h ?p 5 }#PoFeaanftﬁxgcarbonyl N
fluoro-3-fluoroneth 3-di hydr o- 7- ox yrid

d. e] [ 1, 4] b&Ke Qaf?ﬂéﬁéaEéPﬁbyészlaéuEgagragﬁ PngﬁpBﬁﬂéplld&Be@Epf mz =
551 (N%g El enentary analysis (0) : Calcd for C27H32F3N30C6. 0. 5H20: C
57.85, °H Elogron37ibgeresahylc2p3-d0hyfrs:- @Goxm-7H49yr190Eiém§bé 23
Synt hesis of (3R)-10-[(3S, 4S)-3-cycl opropyl ] am no] net hyl -
fIuoroneth@lel{byﬁibéhdbnyt}né—SFGarbeSyﬂhuoaOMHthyla2yallow powder.

di hydro-7- oxo- 7H pyrido[ 1, 2, 3-d. e] [ 1, 4] benzoxazi ne-6- 15 carboxylic acid
hydr ochl oriude (EBR)m1@-£( 85148yt )3- [ (N-t ert - But oxycar bonyl -

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-cyclopropyllamino]lmethyl-4-

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

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

15 carboxylic acid hydrochloride

(3R)-10~[(3S,48)-3-[ (N-tert-Butoxycarbonyl-N-
cyclopropyl)amino]lmethyl~4—-fluoromethyl-l-pyrrolidine]-9-
fluoro-3-fluoromethyl-2, 3-dihydro-7-oxo-7H-pyrido[1l, 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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cycl opropyl ) am no] net hyl - 4-f 1 uor onet hyl -1 - pyrrolidine]-9-
fluoro-3-fluoronethyl -2, 3-di hydro-7-oxo- 7H pyrido[ 1, 2, 3-

d. e][ 1, 4] benzoxazi ne- 6-carboxylic acid (860ng) was di ssolved 20 i n ethanol
(9mL) saturated with hydrogen chloride. The mxture was stirred at room
tenperature for 1 hour and was subsequently concentrated under reduced

pressure. J&dé@etorf?ﬁé"}_%é' §ﬁ’cd}_’§51 g@a”%d( ?Rgtﬁ%%ﬁréd%g ﬁ@gtb@ietf
m xt ure mas concentrate uce pressure. repeating the 25

et hanol nd concentr on .o I added to the
Feoul tant. Fhot il ups FRER o 1P ea BE e abdanBorbBC kmie At e Redodl Howed
to stand at roon1tenperature for 1 hour. The resultlng crgstal was

col l ected %9u¥rlt?@ﬁ|Qﬁ§u#§ﬂ4Qw@%V%B@%w¥#ﬁ Rt nanof 1 BrEr B9 ng under
reduced 5 pressure, to give 762ng of (3R)- 10 [ (3S, 4S) - 3-

cycl opr opyfphhdwed ney hyasingueibheehhhnplpgndotirdingl pnder reduced
fluoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7H pyrido[ 1, 2, 3-

d. e] [ 1, 8] benzexaze net6- gavboxgbng acfi 3Rydidelil(d6i,ds)as-a yell ow crystal.
10 M5 (FAB+) : m z=452 (M#) Elenentary anal ysis (@@ : Calcd for

C22H24F3N3EMEICA FR 5%&@}5&2ﬁ5@h€tﬁ&5242§lu5r5m@2hym ~-B¢rrboundny€152-17, H
5.38, N 8.20. 15 anpl e 24 Synt hesis of
(3R) - 10- [ (35:4R) - 3-pY&LPBROPY | a0b NeMRE By h34=7-oxo-TH-pyrido[1, 2, 3-
d.el[1l,4]benzoxazine-6-carboxylic acid hydrochloride as a
yellow crystal.
10 MS (FAB"): m/z=452 (MH").
Elementary analysis (%): Calcd for CyyH,4F3N30,°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-1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-

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

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

20 bis(acetato-0) [{(3R)-9,10-difluoro-3-fluoromethyl-2,3-dihydro-
7-oxo-7TH-pyrido[1l,2,3-d,e] [1,4]benzoxazine-6-carboxylato-
06,07]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 1-pyrrolidinyl]-9-fluoro-3-fluoromethyl-2,3-dihydro-7-oxo-7H-
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fluoro-1-pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro-7-

oxo- 7THpyrido[ 1, 2, 3-d. e] [1, 4] benzoxazi ne-6-carboxylic acid In a simlar
manner to Process (B) in Exanple 1, 20

bi s(acetato-O [ (3R)-9, 10-di fl uoro-3-fl uoronet hyl -2, 3-di hydro-

7-o0xo- 7TH-pyrido[ 1, 2, 3-d, e] [ 1, 4] benzoxazi ne- 6- car boxyl at o- 06, O7] bor on
(100nm) Wﬂ?yfﬁ@@[@ﬂZMBLB EBR1I4R) bénzoxazine—-6- carboxylic acid _as a pale
cycl opropyl am nonet hyl - 4-f | uoropyrrolidine (40.6ng) to give 71.0ny of

(3R -10- [(;gifga grfgggppropylanlnonethyl 4-fluoro 25
1-pyrrolidinyl]-9-tTuoro-3-fluoronethyl-2, 3-di hydro-7-oxo-7H 87

pyrido[ 1, {1 4] hben azj.ne- 6-carboxylic acid as a pale vyellow
crystal . é@§(g%§§ 'I%$b4§§§ @hﬁiy Elenentary anal ysis (0) : Calcd for
C21H22F3N304 C 57.66, H5 61; found: C 57.50, H5 N 9. 22
Exanpl e 255 57AERERTF ¥ 6?‘3‘%3?%}51@ i 3%311%?‘ §°Ey€¥6b?%?&&ipam%o%t%§/4 B3.5.07,
fluoro-I-pyrrolidinyl]-9-fluoro-3-fluoronethyl-2, 3-di hydro-7- 10

oxo- 7H-DyrNdd[ 412, Bound} [&, 37 baAzoRadi A8, 6NcAr B3xyl i ¢ aci d

met hanesul fonate (3R)-10-[(3S, 4S) - 3-Cycl opropyl am nonet hyl - 4-f | uoro-1 -
pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro- 7- oxo- 7H
pyrido[1l,2,3-d.e][1, 4] benzoxazi ne-6-carboxylic acid (50.0ng) 15 was
suspended ERagphangb (2nL) . To this suspension, nethanesul fonic acid
(15. OpL) was added and the m xture was

Synthesis of (3R)-10-[(3S,48)-3-cyclopropylaminomethyl-4-

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

10 oxo-7H-pyridol[l,2,3-d.el[1l,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[1,2,3-d.e] [1,4]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,48)-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 methanesulfonate as a
pale yellow crystal.

MS (FAB'): m/z = 438 (MH").
25 Elementary analysis (%): Calcd for C;1H;2F3N30,°CH3S03H-0.25H,0:
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stirred at roomtenperature for 1 hour. The resulting crystal was
collected by filtration, was washed with ethanol, and was then dried under
reduced pressure to give 50.4ng of (3R)-10 20

[ (3S, 4S) - 3-cycl opr opyl am nonet hyl -4-fluoro-1-pyrrolidinyl]-9-

fl uoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7H- pyri do[ 1, 2, 3-

d.e][1, 4] benzgoxazi ng- - 687 bexyl b¢ . agbdnget Bangsykionayesas a spabe yell ow
crystal. M8 (FABH) : miz & 438 (M) 25 Elenenfary analysis (% @ Calcd for
C21H22F3N304CH3SO3HO. 25H20: 88 C 49.11, H 4.96, N 7.81; found: C 49.18, H
4.86, N 7.42. Exanple 26 Synthesis of

(3R)-10-[(3S,4S?-3- ycl opr opyl am nonet hyl -4 5

f I uor o- 1- py¥FBP1+8i A91 1 - 9- f | uor o- 3- f | uor onet hyl - 2, 3- di hydr o- 7-

oxo- 7H-pyrido[l,2,3-d.e][1, 4] benzoxazi ne- 6-car boxylic acid hﬁdrochloride
(3R) - 10-[ (3R alysBs (WE| gpRopyPabi AendBhyB-gyelgprepylaminomethyl—4-
pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro-7-oxo-7H 10

pyrido[3, 2fBadret] ipdibehidxnyl hef6ftapbox$lifduacpuethfl08yB-dakysuspérded
in ethanol (2mL) . To this suspension, ethanol (60.CpL) saturated with
hydrogen cbker7Hepypasdadied, and. ehel, myeHEexwasnstbreadbakyll@eMacid
tenperature for 1 hour. The Tresulting crystal was collected by filtration,
was washednJa- ¥k ethanol , and was then dried under reduced pressure to
give 52.9ng of (3R)-10-[ (3S, 4S) - 3- cycl opr opyl am nonet hyl - 4-

(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-7H-pyrido[1l,2,3-d.e][1l,4]benzoxazine-6-carboxylic acid
hydrochloride as a pale yellow crystal.
20 MS (FABY): m/z=438 (MH").
Elementary analysis (%): Calcd for C,1H;3F3N304*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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fluoro-1-pyrrolidinyl]-9-fluoro-3-fluoronethyl
oxo- 7TH pyrido[ 1, 2, 3-d. e] [ 1, 4] benzoxazi ne- 6- car boxylic acid
as a pale yellow crystal.
. Calcd for
found: C 52.68, H5.04, N 8.28. 89 (Antibacteri al

invitro anAmb@gg@tégiagcgtu{,ytyhe in vitro anti bacteri al

anal ysis (%

nmeasured by the

-2, 3-di hydro-7-

hydr ochl ori de
20 M5 (FAB+) : m z=438 (M#) . Elenentary
C21H22F3N304HC 0. 25H20: C 52.73, H 4.95, N 8.78;
activity) Test Exanple 1:
activity (as

m ni mum i nhi bitory concentration (MC)) was determ ned for

5 each of the: coppaynds, of shNe; PLESEAL: HRXEALE QN Qx;ﬁb§t9gaf di lution
nmet hod accordrmg to NCCES (NatTomat—Commr tteefor rrical Laboratory
Standard (1997),..Met hods.for | ba ter Suscepti bi l,i T st s
for Bacteria tha h%r%)r\}v v eF%b?rég E%r AT EAFt TNt yA;Sﬁ?o{r)%gs‘éFSHd%{}éd

NCCLS, 10 Vil |l anova,

ich involved the_use of Miller-H nton agar

medi um Fd@lﬁh@ﬁ%ot%%t?lﬁhayeﬁ?aFﬁeaeeFlOWIéMaéé d@?érﬁﬁﬁéamla9du§9ﬁg

Mul | er - H nt on agar

medi um cont ai ni ng 5% defi bri nated equine blood. The

resul t s>areaghonf FheTapneoungs| efy. the wappent: inKeptipn kbt thacaeriral

activity StrainM C (

ng/ nL) Exanpl e 1Exanpl e 2Exanpl e 4 Exanpl e 5Exanpl e 6

S. aureus &nlithDoN166tB8d0a0840d269. 25 BCChAr éNational Committee for
MR58670. 0160. 0160. 0310. 250. 25

Clinical Laboratory Standard

(1997), Methods for Dilution

Antibacterial Susceptibility Tests for Bacteria that grow

Aerobically-Forth Edition:

Approved Standard m7-AR4. 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)
Example1 Example2 Example4 Example5 Example6
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 1ID682 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 lll 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 Ms5164010. 1250. 250. 544 S. pneunoni ae Type
110.0320.1250. 1250. 1250. 125 E. faecalis 11 D6820.0630. 250. 250. 250. 25
Strai nM C (ng/ nL) Exanpl eExanpl eExanpl e Exanpl eExanpl e 710111213 S. aureus
Smi t h<0. 0080. 0160. 0080. 0160. 008 S. aureus MR5867<0.0080. 0160. 0080. 0160. 008
S. aureus M5164010. 0630. 0630. 0310. 0630. 031 S. pneunoni ae Type
1110.0160. 0310. 0160. 0630.031 E. faecalis 11 D6820. 1250. 1250. 0630. 250. 125 90
StrainM C (ng/ nl) Exanpl eExanpl e Exanpl eExanpl eExanpl e 1415161718 S. aureus
Smi t h0. 0080. 0310stdil0. 0080. 008 S. aur eus MREAGIOnyB0. 0310. 0160. 0080. 016 S.
aureus M5164010. 0310. 0630. OB8AMf€30. BeanBe pnExample ae Eygaple Example

I 1'1<0.0080.0630.0320.0160. 0146 E. faeddl is 11 D8820. 0630174250. 063080630. 063
St rai nM C $ragireris)Sriithanpl eEx@0p8e ExafPBeC pr oDlod&aci n 092821 0.008

S. aureus MR5867 0.008 0.031 0.016 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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S. aureus Sm thO.0160. 0080. 0160.25 S. aureus MR58670.0160. 0160. 0160. 25 S.
aureus Ms5164010. 1250. 0630. 0318 S. pneunoni ae Type [110.1250.0160. 0160.5 E.
faecal is 11D6820. 250. 0630. 0630.5 S. aureus MR5867: methicillin-resistant S
aureus S. aureus Ms516401: quinol one-resistant S. aureus 5 | NDUSTRI AL
APPLI CABI LI TY The novel 10-(3-cycl opropyl am nonet hyl-1- pyrrolidinyl)
pyri dobenzoxazi ne carboxylic acid deriygityes, salts and hydrates thereof,
whi ch are conmpounds of the 10 present invention, are not only safe and
exhibit strong antibacterial activities, but they are also effective
agai nst drug-resistant bacteria that are | ess susceptible to conventi onal
antlbacterial aqgnts % AIMS 1. A $%ridofenzoxa%i$e car ¥I|c acid
derivative as O EERATRT BV T AR T of FORPRY hendFaf FoF Mif lY a salt
5 or a hydrate thereof: R5 wherein RLis a neth¥ group, _a fluoronethyl
group, a ﬁ%@ﬁ%ﬁ?%%?ﬂy@ygFB%pFOé%OQé%goQ?ﬁ%Fﬁ}I @F@Hba élhyd96x9n§Fﬁ§l
group or a nethylene; R2 is a hydrogen atom a |ower alkyl

or a hydrate thereof:

0
R3 COOR2
|
R4 N N '
H 0\/J‘>R1

N
R5——<:r
wherein Rl 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

10 group having 1 to 3 carbon atoms, or a pharmaceutically

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

15 hydrogen atom or a fluorine atom.

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

20
3. The compound according to claim 1, a salt or a hydrate
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10 group having 1 to 3 carbon atons, or a pharmaceutically acceptable
cation and an ester of a prodrug; R3 is a hydrogen atomor a hal ogen atom
R4 is a hydrogen atom a lower alkyl group having 1 to 3 carbon atons, a
fluoronmethyl group, a trifluoronethyl group or a fluorine atom and R5 is a
15 hydrogen atomor a fluorine atom 2. The conpound according to claim1,
a salt or Qé‘é’éf‘t ew%%?%iﬁ% ’é‘ﬂsr ?&1' @o%ﬁﬁlgeﬁ%'ia' EOflLE“'a (1) is a
quoroneth gr oup e conp according to clarm a salt or a

hydr at e 92 hereof erein in the,general . fornmula RlLis a
f1 uor omet hly %¥%m%t%§§ R3°YR 3P?I§8rﬁﬁe aF&HPrﬁneTﬁg §0npound according to

claiml1, a salt or a hydrate 5 thereof, wherein in the general formula
(1), RLis a fluoronmethyl group, R3is a fluorine atom and R4 is a
hydrogen atom a methyl group, a fluoromethyl group or a fluorine atom 10
5. The conpeund Beeorehpourd etedndingatgariadm &, hgdeailé orher Byfliraskerein
in the general formula (1), RLis a fluoronethyl group, R3 is a fluorine
atom R4 |isharéyfly ogkareaboim ahaegbypbrgiofiprmalbl yayeniiihyk group or a
fluorine atom and R5 is a hydrogen atomor a fluorine atom 15

fluoromethyl group, R3 is a fluorine atom, and R4 is 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), Rl 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), Rl 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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6. The conpound according to claiml1l, a salt or a hydrate thereof, wherein
Rl in the general fornmula (1) is a nmethyl group. 20 7. The conpound
according to claiml, a salt or a hydrate thereof, wherein in the general
formula (1), RLis a nethyl group, and R3is a fluorine atom 8. The
conpound according to claiml1, a salt or a hydrate 25 thereof, wherein in

the generagré@sukd {&)a RlubsineNBtby) afd 8AO0UR, aRByHsogeh! aebmneaatom
and R4 is a hydrogen atom a nethyl group, a fluoronmethyl group or a

fluorine ghom,P. g Coérp?i'ﬁ‘gr&ﬁ&@ﬁ ”8 BQpCEE' D £1u8r$ leta%ma hydrate 5
()

t her eof mhereln |n e general for Is a nethyl group, R3is a
quorlne atom R4 |s a hydrogen atom a nethyl group, a fluoronethyl group
or a fluorine atom and R5 is a hydrogen atomor a fluorine atom 10 10.

The conpound accordin any one of clainms_1 to salt or a hydrate
thereof, wherei n3heS %%ﬁ%%%ﬁda%?o¥%%ngg%ﬂe?%?lmo}nu?asfiy fihs2al ¥ RgrFe
stereochenlsry 11. The conpound according to claim1, a salt or a hydrate
15 ther%ofthﬁh%®%tnwhﬁéeé@nb@uhﬂeoﬂeﬂﬁéaéeﬁ@F@PlﬁoKﬁﬂbaR@I}Sl§ methyl
(3S)-10-[(3S, 4R) - 3-cycl opropyl am nonet hyl - 4- et hyl - |

pyrrolidi ngt¢uP; fRBOL 9-3- Aittbying, 3tdnhyR40iZ- axbydbkogen atom, a methyl
pyrido[1l,2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid, a salt or a hydrate
t her eof . 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
(3S)-10-[(3S,4R)-3-cyclopropylaminomethyl-4-methyl-1-
pyrrolidinyl]-9-fluoro-3-methyl-2, 3-dihydro-7-oxo-7H-
pyrido[l1l,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
(3S)-10-[(3S,4S)-cyclopropylaminomethyl~-4-methyl-1-
pyrrolidinyl]-9-fluoro-3-methyl-2, 3-dihydro-7-oxo-7H-

25 pyrido(l1,2,3-d,e]l[l,4]benzoxazine-6-carboxylic acid, a salt
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20 12. The compound according to claim1, a salt or a hydrate thereof,
wherein the conpound of the general fornula (1) is

(3S)-10-[(3S, 4S) -cycl opropyl am nonet hyl - 4- et hyl - |
pyrrolidinyl]-9-fluoro-3-nethyl-2, 3-di hydro-7-oxo-7H 25

pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne-6-carboxylic acid, a salt 94 or a hydrate

t her eof . u rding to claiml, a salt or a hydrate
V\ﬁ Jhﬁ & QPQ Ple REGET

t her eof , ereim t e conpound of the general formula (1) is 5

(3R)-10-[(3S, 4R) - 3-cycl opropyl am nonet hyl - 4- met hyl -

pyrrolidinyl]- 9 fl uoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7TH

pyrido[ 1, 2b %%1 4] benzoxazi ne- 6- carboxyllc acid, a salt or_a hydrate
344.

t her eof . R CORPOLRY %E%%Fﬁ%ﬂ% te etaim 1 a salt sF a Rydrate

t hereof, wherein the conmpound of the general fornula (I) is

(3R) - 10- [ (Bs=usyL 3-eheroprophtaapPmpaentdypf4thet aghefral formula (I) is
pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro-7- oxo- 7TH

pyrido[d, 2(3rRp- )| 1(33béRyezazioteopropybenyhbmeabiyd-4ame&hty1-15 or a
hydrate thereof. 15. The conpound according to claiml, a salt or a hydrate

thereof , wherebni&neyepapoendoob- Bh@lﬁ@@@ﬁékh&QLﬁvBadﬁhgdké 7-oxo-TH-
(3R)-10-[(3S)-3-cycl opropyl am nonet hyl -1 -pyrrolidinyl]

quoro 3- fﬁ%? 88?1h5|32d3 g bygﬁBeZzBﬁQth@ngbg9E$xﬁlgc acid, a salt

e] [ 1, 4] benzoxazl ne- 6- car boxyl i c aci salt or

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,el[1l,4lbenzoxazine-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~-pyridoll,2,3-
d,e]l[l,4]benzoxazine-6~-carboxylic acid, a salt or a hydrate

thereof.

16. 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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thereof. 16. The conpound according to claiml1l, a salt or a hydrate 25

t hereof, wherein the conpound of the general formula (1) is 95

(3R)-10-[ (3R) - 3-cycl opr opyl am nonet hyl -1 -pyrrolidinyl]-9-

fl uoro-3-fl uoronethyl -2, 3-di hydr o- 7- oxo- 7H pyri do[ 1, 2, 3-

d, e][ 1, 4] benzoxazi ne-6-carboxylic acid, a salt or a hydrate thereof. 5 17.

The conpounsr petok di Bg) + 9- @&@1apiopylgﬁhhoﬁétﬁymyanygronma&ﬁgﬁ] -vherein
t he conpound of the general formula (1) is

(3S)-10-[( Y peneL Luop ozl -
pyrrolidingf?éga ?ug%gaggﬁ%£ﬁgl gng g?h%é?é g 338-7H pXrldo (12,3

pyrido[1,2 ] benzoxa2| - 6-carhboxyli cid hydr at e
t her eof . I% ﬂh? L %poun “&ccor |ﬁar 5°¢ a¥n1 8 saF?l éya{ €€
t her eof mhereln the conmpound of the general fornula (1) |s 15
(3S) - 10- [ (8% cycl opr opyl ani nonet hyl - 4- f | uor o-
pyrrolidinyl]-9-fluoro-3-nethyl -2, 3-di hydro-7- oxo- 7TH
pyrido[d, 2, 3-d, e][1 4] benzoxazi ne- 6-carboxylic acid, a salt or a hydrate
thereof. 20 19. The conpound according to claiml, a salt or a hydrate
t her eof , wher ei NnThdecoopponddactotrtiengeneralajiornul a é&)tier a hydrate
(3R)-10-[(3S, 4R) - cycl opr opyl am nonet hyl - 4-f | uor o- |
pyrrolidi nyhér8of) uprersdihl upeosehpylind, 3fdthgdgenéraxofébmula (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]l[l,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 (38)-10-[(3S,4S)~cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-methyl-2, 3-dihydro-7-oxo-7H-
pyridof{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
(3RY~-10-[(3S,4R) -cyclopropylaminomethyl-4-fluoro-1-
pyrrolidinyl]-9-fluoro-3-fluoromethyl-~2,3-dihydro~7-oxo-7H-
pyrido[l,2,3-d,el[1,4]benzoxazine-6-carboxylic acid, a salt

25 or a hydrate thereof.
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pyrido[ 1, 2, 3-d, e][1, 4] benzoxazi ne-6-carboxylic acid, a salt 25 or a
hydrate thereof. 96 20. The conpound according to claiml1l, a salt or a
hydrate thereof, wherein the conmpound of the general fornula (1) is
(3R)-10-[(3S, 4S) -cycl opropyl am nomnet hyl -4-fluoro-1 5
pyrrolidinyl]-9-fluoro-3-fluoronethyl -2, 3-di hydro- 7- oxo- 7H
pyrido[1l,2,3-d,e][1, 4] benzoxazi ne-6-carboxylic acid, a salt or a hydrate
thereof. 21. An antibacterial agent containing as an active 10 ingredient

the compousg accpydi 0gnf0.20Ya008-8Lng! 858121401, 20 s8182bL 9" ndabydLate
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-

pyrido[1l,2,3-d,e][l,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.

97



