Description Title of invention: METHOD FOR PRODUCI NG 3, 4- DI SUBSTI TUTED
PYRROLI DI NE DERI VATI VE AND PRODUCTI ON | NTERMEDI ATE THEREOF' Technical Field
[ 0001. ] The present invention relates to a novel nethod for preparin
an optically-active formof 3-(N-substituted

arni nonet hyl ) - 411 uoropyrrolidine, which is an 10i nternedi ate useful for
preparing a 7-(34N-substinited atninornethyl)-4-

fluoropyrrolidi nyOqui nol one carboxpeigifphd derivative, which is safe,
shows potent antibacterial activity, and also is effective to resistant
bacteria on which conventional. antibacterial agents hardly show their

ef fect s, S afrd | I , 1 5 Background.
art [ ooo 3 St tbver Bl D RN PR e R D aEy 17D

1043- cyc PyRREPYIDIMENDERI€ARYVEANBHRDDUMIEON INTERMEDIATE THEREOF

1- pyr%ol i di nyi | pyri dobenzoxazi necarboxylic acid derivative and a 743- 2
Ocyclopropyl am nonet hyl-4-substituted | -pyrrolidi nyOqui nol onecar boxylic

aci d. demeMaliday®icl@S antim crobi al agents which show excel | ent

antibacterial activity on resistant bacteria and have high safety, [0003]
These Patent D8€%hents di scl ose a method for preparing a. useful

| nt er medi at e, ﬁeﬁ&@@n{‘@v& i&yx%ieg&{tﬁl%ﬂo%f rﬁ@nﬂgga %%p'réﬁafriln AL eBYEAIRL.1 di ne,

wherein the synthesis pathway o e Internediate requfres nine stens,
st art i ngadtiverfomd e B 1{dixyuieti tuyeld-aNdnomethiit4s flhgropet dlydhe whithaisiane as a

starting. mater,i al i udi ng. fl uori ti ..of .3-.
oIt R e Gt Ded AT R B Rled Sininomet) 4 o (3R 49 - 3-
([:% clopr Oﬂydmp?ﬂg@lifﬁhjl/ll)mﬂhédoﬁfé&b@g&fcraaid d(ljﬁrﬁeti\r/]é.’;gﬂﬁ@ﬂléf i safe, shows Radne n]'E
cunents an al SO |1 S ose roved . net hods .f or I arati on
(3R 45) - @nt@%‘ie@ﬁlr SEY %t lﬁfr‘ffj?%ﬁ‘fel}fﬂ FEp AT OPFgiikan “%Lr@ﬁf&%‘mwﬁd net hods
conduct &nma&teﬁaﬁ.%%ngﬂ@zgﬁow %eﬁflﬁ“ﬁé&%‘)&@%il Qo al }ﬂyﬁ&h{@a@& foHRWEMERg | N

Pat ent Docunent e internmedi ates are oi products, and are

di fficul thesampurify, In Patent Document 4, since it is necessary to protect
an am no group before the fluorination reaction, an extrenely |arge anmount

of tinme is required to performprotection and deprotection steps, which

| eads t oBackpeduchtAon in yield. [0005] Meanwhi | e, the prior docunents
and prior art rding the nmethod for preparing fluoroandne from am no

al cohol incl uo@@@ synt hesi s nethod of once protecting an am no group

foll owed by fIRa@dmit MAki@Bn@Nthndendiadiestd p0(DtydfigogyThmhogieduip-4¢ Pat ent

Docunents 5 and 6, Non.-Patent Docunents 1 and 2), hut,is not_ desirable
10due t oSBstiuFEk Rweokidinylhieyriieheioxarinerissylif agderrivative and A-g-prior art
npr ok o B A o
( Non- Pat éntvatiee wrentimdyrobial sasnivouhiols gy Q.X@ﬁlﬁtlﬁmig@qt‘?réﬁﬂ lagfovifyden deri vat i ve
(Pacent RRSHTFRl s BRTBAE, SrL g Sulfur evrallorfde and auls
[0003]
These Patent Documents disclose a method for preparing a useful intermediate,
25  (3R,45)-3-cyclopropylaminomethyl-4-fluoropyrrolidine, wherein the synthesis pathway
of the intermediate requires nine steps, starting from N-methoxymethyl-N-
(trimethylsilylmethyl)benzylamine as a starting material, including fluorination of 3-
azidomethyl-4-hydroxypyrrolidine, and reaching synthesis of (3R,45)-3-
cyclopropylaminomethyl-4-fluoropyrrolidine.
30 [0004]
Patent Documents 3 and 4 also disclose improved methods for preparation of
(3R,4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine. These modified methods

conduct short steps compared to the conventional methods. However, in Patent



The met hod of Non-Patent Docunent 3 has a problemin that, although. the
yield is relatively high, it takes several days to conplete the reaction.
Further, in 2 OPatent Docunent 7, a sulfur tetra-fluoride, derivative,
(diethylarnino)sul fur trifluoride (DAST), is used. to convert a benzyl

2- hydr oxyet hyl am ne derivative into a benzyl 2- fluoroethylam ne
derivative, but the yield is as low as 17% [0008] Non-Patent Documents 4

d>5 d | b |
2092 955055 3 TPLES o SnL A SR B2 10 U o

4-f 1 uor apikReDodimEe: 4, Sindé stlﬁ&észfafyﬂm @otwdmmbpge@updbemaettm ough
rearrangenent at thefluorlnatlon pomhg& t he opt rity of the
product Huorigadeereaeipname axtasmely free ampynt ttil%lsé?‘&?rte ﬁ%pgfg ¥8tial is used.

30Gi tat :%@te!:-t'l(ﬁ{ arfddde %ﬁtec%ﬁ%f%@twlﬂlgﬁ)%hs RAd eAlchBCHARAY. | W03/ 078439
Pat ent cunment 2: 05/ 026147 Patent Document 3: P- A- 2005- 239617 Pat ent

Docubrent 4: W@H5102567 Pat ent Docunent 5: W05/ 075426 5Patent Docunent 6:

Tonon. Pat ent SReURDHE 1¢ PGTRAefs HERRoT difdohBl: [8R o RE ot 10010

Radl ophairemegtiluoadsning #0009mind 3(cbBY], indddds d.Q&ﬂlesNOnetﬁbxl efdéncBocunent 2:
Tet r ahedr on Let ters, (1996

37(43)., 71743-77 n-.Pat ent Docunent 3: J.
Chem R&¥OCCHILGIN B ETRUHOBIWE P-‘/ﬁ&&}ﬂﬁ%ﬂﬂn de{N???fglon ? ﬂ@raé%fﬁ?c Cheni stry,
(1979), ééﬁ&@fateﬁ?b’ocﬁ-rn@ﬂtzg ang%oﬁonm@fénl:%@uﬁher@@q} WABNY, tat iskwaeadabf O ganic
Chem str (1975), 44(25) 3808- Summary of |nvention 20Problens to be

Sol Ved Hipetihan mepease itoihe pombe of steps.  An” i nexpensi ve and i ndustrial 'y
advant ageous d for preparing high-quality (3R, 4S)-3-(N-substituted

at ni nonet hyl )-4-ffuoropyrrolidine or it's enantioner, or their salts, which
are useful asAsntreioredididasctiy fluginatiog angnyiras!oetee otithcaal aning group

being unprotected, a method using a hydrogen fluoride pyridine complex (Non-Patent
Document 3), a method using a sulfur tetrafluoride derivative (Patent Document 7), and
15  amethod using sulfur tetrafluoride and liquid hydrogen fluoride (Non-Patent
Documents 4 and 5) have been reported.
[0007]
The method of Non-Patent Document 3 has a problem in that, although the
yield is relatively high, it takes several days to complete the reaction. Further, in
20  Patent Document 7, a sulfur tetrafluoride derivative, (diethylamino)sulfur trifluoride
(DAST), is used to convert a benzyl 2-hydroxyethylamine derivative into a benzyl 2-
fluoroethylamine derivative, but the yield is as low as 17%.
[0008]
Non-Patent Documents 4 and 5 disclose a method for obtaining amine fluoride
25 by reacting sulfur tetrafluoride in liquid hydrogen fluoride at -78°C. However, since
_4-fluoropiperidine is produced from 3-hydroxypiperidine through rearrangement at the
fluorination position, the optical purity of the product is decreased when an optically

active starting material is used.

30 Citation List
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[0009]
Patent Document 1: W003/078439



25provi ded. Means for Solving the Problens [0012] To sol ve the above

probl enms, the present inventors have conducted extensive 30researches on
processes of a novel synthesis nethod for (3R 4S)-3-(N-substituted

am nonet | ayl)-4-fluoropyrrolidine or an enantioner thereof [0013] As a
result, a highly pure (3S,48)-3-(N-substituted am nonet hyl) - 4-
fluoropyrrolidine derivative was suceessfiffly obtained at a high yield by

fluorinating I(a?eﬁrt@cﬁéfeﬂty’gr\ﬁ&&%ﬁgi#’ﬁl"bs“ t ut ed am nonet hyppyrroli di ne,
I've grou t he

whi ch has a protec roup on -gositi on using a. sulfur
tetrafl uori de Riggnitecpment 3:981412005-23961FFyr t her, by renoving the protective

group at t Lh;a )J;>a@é;§441i]j(jcgﬁle@tf4;lt\p@_oqnbggg1pd. t (3S,4S5)-3-(N-substitut gd

am nom et hyl . ).- or opyrro [ vative, an inexpensive an
industrially é’d\?%{ﬁb&@é%ﬁ%tfm\%’ﬁ(@gféﬁg‘%pr eparing (3R 4S)-3-(N-substituted
am ngnet hy0- 4-Hatetn Depydeol 6:dPre-2088-202i08d, and therefore the present

i nventi on was ted. . J. hyH addition, the reaction proceeds in

t he sane mann ra?{}gmﬁu%ﬁa(é?bﬁk/ﬁé%%xy 3-(N-substituted

am nonettl yQpyrrolidine having a protective group at the |-position, which

i's an enant bQIRf 8‘%;]“’(’&1% 4R) - 4- hydr oxy- 34N-substi t ut ed
I ne

am nonet hyppyrrol | havi ng a protective group at the 1l-position. [0016]
15That is, thdOptdsent invention includes the follow ng inventions,

]}- /iolmet hgd f Qo PeRA! DHEinFer O NRAHRA o&"_@ﬁb@l&lﬂfﬂ@ﬁbdmhdi&e_ fol 1 owi ng general
ornul a . Qr it's .enan r r [ alts, conprising: a
fluori naéfi%?i’ peeyticd Fd%b%gﬁ%@):ébgfm@ "iy-3-(N-substituted

ami n. ormet hyl ) pysin-8htedi Decuahednit LaTitvbedeprieserst €@oby 376H8).f1OUBoMKAg gener al
formula (1) or,20an nt | , fy USH ul fur tetralluoride
derivative [O(ﬁcﬂ ﬁft&ﬁ{;%oéﬁerl%gi %Fg(s{fg]’ b?& 1@8§'_ [In the fornmula (1), PG
represents a prot-BetenvBogmaun 4f frurnd of Shganc gheristryddd’ R 44@priddents a C
to ¢§ alfyl group which may be substituted, or a. C3 to CS cycloal.k.yl

group which may be substituted.] [0Q19]. 30[ Chem . 2 20j [In the
formula. (2), 'Pétﬁpb@@?ﬁl%ené5b}‘6¥’éﬁ5P%bégﬂ’r“bggemkﬁrl’tﬂé9§m94@5§r3§%', and
represeniggoa C to C6 al kyl group which nay be substituted, or a C3 to C8
cycl e: al kyl group which may be substituted,].

Summary of Invention

20  Problems to be Solved by the Invention
[0011]
An inexpensive and industrially advantageous method for preparing high-
quality (3R,4S)-3-(N-substituted aminomethyl)-4-fluoropyrrolidine or it’s enantiomer,
or their salts, which are useful as intermediates for producing pharmaceuticals is

25  provided.

Means for Solving the Problems
[0012]
To solve the above problems, the present inventors have conducted extensive
30  researches on processes of a novel synthesis method for (3R,4S)-3-(N-substituted
aminomethyl)-4-fluoropyrrolidine or an enantiomer thereof.
[0013]
As a result, a highly pure (3S,4S)-3-(N-substituted aminomethyl)-4-

fluoropyrrolidine derivative was successfully obtained at a high yield by fluorinating



2. The production nethod describrd in 1 above, thrther conprising, after
the fluorination step: adding an acid to obtain a salt of a
conmpound represented by the general formula (2) or a salt of an
etrantioner thereof, and Iltither purifying the salt, wherein the salt of
t he conpound. represented by the general fornulaor the salt of the
enaritionmer is produced at an -Tine relative purity of 98% or nore.

For mul & @ RP- R RG AN TR e RER! FRAR Bl e R8P 9008 St e

2: grouf & R 1-positidi, using Ia%hlfmeﬁraﬁp)rﬂfe deltaiwi ng a conpound repr esent ed
by the follomnwg>general formula (2) or it's enantioner, or their salts by

quorlnatlng erivative of 4-hydroxy- 3- (N—substltuted
am noi net hyl') pyrpol bfkéhgmnﬁg{h%%&baﬁvet@fowﬁ the 15oooRSt BRNBRAhed Or Mul a (1)
or an enantioner th

usin fur tetratiuoride derivative; and
(Step 2)(34, Mdﬁ\émhsbwm aeplnomeﬁm)a4 ﬂun@parr@mrp@dﬁdvatlép,raéls}émr@amw t he

I e e S iR

r epr eseningidolythyhyel-flablopyiroigdige nes ﬁiunﬂpammharefc% tlmrpres{ehslnamtm winer, or
their salts obtained in step I. [00211 [Chem 31 [In the fornula
(D, PC‘F@B#@E nts a protective group for the am no group, and R
represents a @oitsp C6 al kyl group which may be substituted, or a CB to C8
eycl oal kyl group which may be substituted.] [0023] [Chem 4] 024]
[1n1fhe fornullmaddifion,pie yeapiwswaeesda iphesaae MASNE T YstiE @35431)%}13&1??% group,
and R § fl or a C3
fo 8 cyeloampsd et b0 R e TV B B PE L ® L 06261
[1n the Whichid & ri@ptioRdr ofdPE d8etlsydaoxyCh-(Nesubgitalekyl group which may be

substi tut ed, cl oal k rou be substituted.]
4. The ﬁW@Hﬁ%?ﬁ%ﬂpWEWHﬁﬁgﬁgg%g?Bgﬁm%h §E dﬁémg ?mpggs above, wherein
wat er 20or a hydr@gen fluoride source is added in the fluorination step.

e produ od descr.i bed above, wherein a
sullgr tetralFﬂﬁ$ﬁﬁﬁgIH@?PV@W?@gmﬂgdggﬁﬁﬁgﬁﬁpVﬁggFPﬁ%@F%at|on step after
t he addition of A hethatier pr@parhl)gdi @g@fbuhﬂlﬂ@resﬂ:ﬁteﬂdiyrthefollowmg general 6. The
productlon nmet hod described in or above, wherein the hydrogen

25f | uor if@ENEBULLY if § CRATPEIGHE @Iﬁ%@aﬁ%ﬁ&ﬁﬁ?&ﬂ ne conpl ex or a

triethyl am ne ,geptatys Qgﬂ Hf)ﬁlhd}ﬁlatmg a 4-hydrdxy-IR-RbaEueHi on net hod
described in any one of above, wherei'n the hydrogen fluoride source

is the tammmfmythalﬂpmo]pbm éﬁy@ﬂ:l@@ rqmj«pseg‘@d by the following general formula (1) or

20  an enantiomer thereof using a sulfur tetrafluoride derivative
[0017]
[Chem. 1]

PG
25 [0018]
[In the formula (1), PG represents a protective group for the amino group, and
R represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.]
[0019]
30 [Chem. 2]



S. The production nethod described in any one of i to 7 above, wherein th.e
hydr ogen fluoride source is used at 3 equivalents or nore with respect to
t he 44hydr oxy30-substituted am nonmet hyppyrrolidi ne derivative represented
by the general fornmula (1) or the enantionier thereof in die fluorination
st ep. 9. The production nmethod described in ally one of 1 to 8
above, wherein the hydrogen fluoride source is used at 4 equival ents or
more with respgct to wkhe 44hydroxy3-(N-substituted am nomet hyppyrrolidine
derivative reS?EsS%TEd by the general fornmula (1) or the enantiorner
thereof in the orfnatg)on st ep. 10. The production method
described in anyione of o 9 above, wherein the sulfur tetrafluoride
derivative is bi§?12-rnetboxyethylIaninosulfur trilluoride (peoxoF |uor).
11. The producfoooen] met hod described in any one of | to 10 above, wherein
the protective group for the aningygroup represented by PGis an

alkoxycartionymngﬁ Gﬁnﬁk(%hPQﬂﬁpw %%PBE%?Weéﬁﬂﬁﬁ@rﬂwannno&§WP$H@
produc,t'ﬁPregFés&&Qa@%rcéDﬁgyu %}0 whRAEay Mherslifiidihe: PCoteesi ve group for
the am no group represented b Gis a Bét zyl oxycar hortyl group,

13. The qchuliof igovprehinbdagdsonbsigetei.h any one of | to 12 above whereinis a
(yr:lumpy! gr . 14 ..The oyl P i ny one of

| to 10 above?ﬂaﬁgﬁggﬁwpﬂéH%Pb%é%gﬁggagé%%gogﬁbnﬁ%%g%%ﬁ%%gggg%gﬂ%epresented
by PG i sflaorhariayktefycar hanyi group, and Rl is a eyel opropyl group,

15. A hydrochlqride of.a c ound represented by th eneral fornmula (2) or
a hydrochlori@gdﬁga&ﬁcgﬁpﬁgggbﬁ?%%?F¥ﬁ§P@BP%F FRddERE 877 tlo028)

[In the fonil (@) of 2dalt Han'@RA@IEM BerBoPhRd €Cti ve group for the am no group,
and R represents a G to C6 al kyl group which nmay be substituted, or a C3
to €8 eycl oal Kyrthgmotpyingihetsalimy be substituted.]. 16. A method for
purifying a h : i |@9ﬂﬂ tbrinula
(2) or a hydr%@ﬁﬁ%gbgéhgﬁﬁgﬁagh nt|gﬁ@@?§§ﬁ§?§§?ég%“%%é?@ﬁﬁg%QEEQ%Erity

[ Chem Talt of the enanfibmet fgrédducedihizan BPL.CPGatieppesiEnt §8% q@matrect i ve group for

an am no grou and Ri. represents a C tao Ch alkyl ar which nmay be
Substi tut ed,  oF Edf forBR ikt Ryro et ahos ol nlip Eh R e 1
10Ef f ectBr@hlat(Bpoi e @Rntdmndr 08283ir salts, compedad slepg ahdsidpe: pr esent

i nvention, a conmpaund, represented Q%,the gener al fornulaﬂég) or an
enanti or ner t hetcady adBRTBaIQr Y eh QRIS TR FpesseaeAba et e conditi on.

.As ar e[?)ﬂb‘tvingagén@fagﬁorﬁ{@él@ o?ft’stéi'ﬁnﬁ&rﬂ'&?ﬁgﬂlefr%grt@&gﬂﬁ&ﬂlalﬁ)ﬂgttﬁhe gener al

formula (3) or an enantioner thereof can produced i nexpensi vely.
Enbodi mederyvafivs ofCahyrony- 3ailt-sultst tuted aninoostydp3oplides eipresenise bytthe present

inventio ] | i i : t invention
provideggggﬁékﬁgﬁegggﬁgﬁgﬁggPg89gﬁ%%wgg%ﬁ%%%gg?%ggﬁ?ggpggg§ﬁ§%#6IIomﬁng
gener al depivativg a02) or it's enantiemer, or their salts, conprising a

fl i nati f fl i.nating...a. 4-hyd - 34N- subst j d
ot Arot hy! ) pyS B didkEeRetPD sP o CPEEHRE A RO BHCBY EREVHOT] Biig gener al
formul a meﬁf&%egeﬁmfdrﬁ{m@{w OF itt N@RBEEMYIS bRthed salid bydeprefetiald ther i de

derivative. % ] [0033] in the formula (]), PG represents a protective
group f dMoEREVR&IOHB ogrtpmingrggoup of the compound represented by the following

general formula (2) or it’s enantiomer, or their salts obtained in step 1.
[0021]
25 [Chem. 3]

HO

H
N (1

]

ra
[0022]

o



Rl represents a O to C6 al kyl group which may be substituted, or a CSto
C8 cycl oal kyl group which may be substituted. In the conpound represented
by the general fornula (1), it is preferred that the am no group binding to
Rl is not protected, and is a conpound other than a salt such as
hydrochl ori de, [0034] [Chem 9] PG [0035] in the general fritl3 tula (2),
PG represents a. protective group for the amno group, and R represents a
Cl to C6 al kyl_gro i y be substitut.ed, or to C8 cycl eal kyl
group whi ch e B@ﬁgﬁ%@?ﬁhhggﬂﬁmfﬁﬁg%ﬁp“ﬁakvegEWP#%@%EaFﬂ%)%P 61%

i nventi o, RpRVESISS (A 1BELINARYIfR6uPHERAThAGesubsnRUNGE 4 Epresent ed by the
follow ng general forrmula (3) or it's_enantionier, or their salts,

i ncl udi ryckadsy! gronpgviiclapray be substituted.] (St ep 1) A fluorination step of
obtaining a cq@gggnd represented by the general fininula (2) or it's
enantionmer, or their salts, by fluorinating the 4-hydroxy-3 substituted

am nénet hyl ) pyliGheimi. d] ne derivative represented by the general forrmula (1)
or an enandoner thereof using a sulfur tetrafluoride derivative. (Step 2) A
deprotection step of obtaining a conpound represented by the foll ow ng
general fornul ﬁﬁ4an enantiomer thereof, or salts thereof, by
deprotection o hegprotective group on the am no group of the conpound
represented by fke gene#ﬁl formula (2) or it's enantiomer, or their salts

obtained in. stepszl. [00371 [Chem 10] F [0038] rhts rormula (3),
I b represents gh to C6 al kyl group which may be substituted, or a C3 to
CS cycloalkyl[gp% p which may be substituted. [00391 In the formul a

(1) and the fomedofrdila (DNBG BPpREGRS h ¥Rrt@tiodrduprfot the aathd@rogpoaa i s not
particularly limted so Ion%_as thegﬁrotective gr oup i% geggrally known as
k thére

a phét ecki weregeeap Glop Gaakdraraer ghishpnaabrsuesisdeer i ncl ude an.

ar al kyl . I nd a paranet hoxybenzyl group, an
aIkoxycé%%gﬁgpﬁgﬁgﬁgﬂggéﬁﬁgg%guﬁgﬁ oigcarbonyl group, an et hoxyci arbonyl
group, a propyloéX§icar bonyi group, an isopropyl oxycarhonyl group, a
butyloxycarboqg! roup, an i sobut yl oxycar honyl group and

al - but yl oxycar 5ﬁ8¥ group, an at al koxycar bonyl group such as a

benzyl oxycar bonyl group, a p-rnethoxybenzyl oxycarbonyl group and a
prdtrobenzyl oxgcarbonyl group, a 1-(al koxy)al kyl group such as a

i net hoxynet hyl PN"  tnet hoxyet hoxynet hyl group, a 1-(ethoxy)ethyl group
and a net hoxyi s R p¥A gpeup, and an ircyl group such as an acetyl group, a
triE'noroacetyI group, a propionyl group, a butyryl group, a pivaloyli

gro B, a benzoyl group and a net hyl benzoyl group. [0040] Anong

t hese, an aral&@%&barhonyl group or an al koxycarbonyl group is particularly
preferred, and i r r i f.ar anpl es of the
particularly pggpgﬁﬁgggﬁﬁ%ggﬁ?ﬁ@ékaggﬁgprkg?g%gﬁggﬁggg§ﬁ§§?%§§bonyi group.

[ 0041] substituted, ot mCB8 he CBayniohkky( goup evHidtembp berslitztiByd.] t he "C to C6 al kyl

group whi ch may .he subst.i tuted” ans a Cl to | roup. whi ch may have
1 to 5 substi t%élﬁ“tespr%‘glcé%W%Wf&g?ﬁlnqeﬁéndp‘éﬁﬁe éﬁh& ?f{!?(ﬁ% Slk{grg%vé' Syen at om
a hydr oxyl o BfRYEn RuckiidRo@iceiPaddad G tHedluoBthedkaxy group, an aryl ox) group
whi ch may be substituted, a C to CQ aIkyIcarboEgh)g%gQ%éﬁgeé$bto Co6

al koxycar bor r y}- dieguiptucormatpdtssaigg inispy ot 6 fp, a
3110130-0f; 3&%1:&?%912%%/ Hﬁ‘\%@ivgs dRFR Ak MhLAMN YEPMRr tRe SHifidh S3neyclic

am no group ave 1 to 3 heteroatorns, a fornylatnino group, a C
to CO al Wylcear bahygeaniluvsidgsouse. a C to C6 al koxyear bonyl ami no group, a C

to CO al kyl sti}fgnyl am r nd..an .ar t ] am whi ch may
to Q0 alkyl sti ) o aili8n Mt ALERM RS drovE A RELATRORy HELHP
25  fluoride source is a hydrogen fluoride pyridine complex or a triethylamine
pentahydrofluoride.
7. The production method described in any one of 4 to 6 above, wherein the

hydrogen fluoride source is the triethylamine pentahydrofluoride.



The "Cd to CO al kyl group"” nmeans a linear or branched | ower al.kyi group.
Exanples of the d to CO al kyl group include a nethyl group, an ethyl
group, a privy] 10 group, a 1-nethylethyl group, a |I-methyl propyt group, a

2-met hyl propyl group, a | - ettodpropyl group. a 2-ethyl propyl group, a
butyl group and a hexyl group. Anong these, an ethyl group is preferred.
[ 0043] Exanpl es of theto CO al koxy group"” include a nethoxy group,

an ethoxy gro up @ gg&%‘rlgéé{% g{eﬁl%gsc@?%qib%d i él%(%gﬁ%y ofdf t%upaqo[v%(}f’lgérein 6he The

"aryl oxy group ‘whi e su ute ans ‘an arylo roup which may
have | tlyydr@&eauhstidt yentsissebdat Peljfivaentt hemgreowph ospait $d thegt-lfdraxyhal ogen
Oi 0 .grou a.nit CO al kyl

atom a roxyl group, a . . ro gro ad to

group, aJ] éﬁ‘stl t’@@g‘ééﬁlﬁ%w}%?%'ﬂrﬁh Hg e r_@ﬁeéW%hS PSP 45]
Exanpl eqlfﬁrﬂle%naﬁfoyﬁ@wer%m%e ®@hdidRtion BREr i oxy group and. a naphthyl oxy
to. [0046 Exanpl es of the "Cl to Coal ky| car bonyi gllrlou_p' i ncl ude a

I
for m[?I group, %adhaeerdpctign mgpodgleprriisd smgny grcotfpl o BGVGryhergindhe, an
i sobutyr . < ' j i ;
Exanpl es%,éitr (%eﬂgﬂmaae tS oﬁj&%{%qs %é@%‘%@%ﬁﬁtg‘ Sfr %8}6%?1% )(ﬁsﬁ%é %ajlﬂlfenél[egﬁgé%/yc ar bonyl
30gr oup, 3-Ax-sebsioxtyd ambamydthygypyupliding darivatrte-ropressayasibrbian gengalolopnup0048]
Exanples,.of the "C 1 to CO alkylthio group” include a nethylinto group, an
et hylt hi(3?8]?%ﬁﬁ?algmﬁ?%g@?rwﬁg%r%%m ﬁanﬁtﬁpi sopropyl thio group. [0049]
TIhE ;'rmnO- orl(n'rrhs&hhﬁuc'htim ﬁféthlﬁu de@cr%dglh kwarmcstblgtrowbvaaml, eiaft&* tohCG
a atnino group which may have | to substi tuents sel ect romthe
gr oiﬁ co?\%ﬁuégqtrﬁgu@?dedg%lé’laﬁﬁ%ﬁ DAY GretBOFREHY Wn(tj]'l@ﬁ"ﬁ,“%&o’ég%ﬁgeo@‘f)bup, a d
to C6 alﬁqggﬁg_ group, a Cl to C6 alkylthio group, an amino group, a ¢4 to C9

cyclic amno group which may have 1 to 3 hetcroatons, a fornylan no group,
a O to 06 alKyTbaprbwhytiemmsthogrdsegyibed iChny eneGs lalokhfl abave.orhajeiarico group

and an ] 0 i i

Exanpl e?ré#ecﬁﬁéeérf&@ k‘?{){h %%ngfogpmggaﬂ%% Bp%i(ﬁfcé:%agleﬁogy‘%‘gg%wgﬁoorgr oup, an
ei t hyl amnwalgoxyprboanl groppopyl am no group, an n-butyl am no group, a

sec- butylamn ou an n-pentyl arni no_group and an n-hexyl arni no group.

[ 0051] &Tﬂi‘e 'p%jéfiufgoxﬁﬂg&?él‘ieﬁcr%aﬁ%%ﬁﬁ‘g s W %H’stﬂs pﬁ(iy}%?t}vc? 2o group
whi ch comt ien$nidd gtRPStprof@itdl By RGeda BEdxYcaBenylighghpand in which an
oxygen atom and a sulfur atom may al so be present in the ring.. Exanples of

. 1 SO, g
the C4 to C9 Bydbeeragvchen gietiog depiusddn amy aus 9f il 12gi08tp, WhETHR Ry IdP i dy!
group, aa\%yc er oup, a norpholyi group, an oxazolyl group, an
azabi cyc hgg)tE ér oSp and an azabi cycl ooetyl group. [0052] 2 OExanpl es of
the "d to Celdllkypoahbeynagthiodcleguringg iilﬂl@)l@l@lfeofalnthl@eﬁt[bWanWh@elgﬁmp, a
propionyl mi no. grou , but yryl am | | es of
t heBbC P r{r;%ctt%e %P}%%%}%g? rgﬁnﬁ %{%X%gepgér%ﬁ%d %&%gfrﬁ&eb%ﬁ}ﬁré)t{)ﬁcgﬁbyogglr g%)ﬁg’lpan‘i no
group, amd® Hexyeeopopyl @oupo group, a tbutoxycarbonyl ami no group and a

hexyl oxycar bOInSY [Axalln;cﬂgch%r%jep of a[ coo?nSp40]und represented by the general formula (2) or a
hydrochloride of an enantiomer thereof
[0027]
25 [Chem. 6]

[0028]
[In the formula (2), PG represents a protective group for the amino group, and
30 Rjrepresents a Cl to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.].



Exanples of the "C to C6 al kyl sul fonyl am no group” include a

roet hyl sni fonyl am no group, an ethylstilfonylarnino group, etc. [0055]
30The "aryl sul fonyl am no group which may be substituted" nmeans an

aryi sul fonyl am no group which may have |I. to 5 substituents selected from
the group consisting of, for exanple, a halogen atom a hydroxyl group, a
Cyan() group, a nitro group ad to C6 aIkyI group, a C to C6 al koxy

group and a to hIO r.ou

of ar'y1 sl by G ﬂ%cﬁ’ﬁaé R B R Breaiep Lo b Rrisd py s

4- et hyi gneny Fathuld @Dyt afidocgoddp oﬁﬁlderﬁmﬁémb]t faytes Ot mmyehmtha pugtyoup.

[ 0057] Exanples of the "Cl13 to C8 cycl oal kyl group which may be
substituted" i(hB$Hdd a C3 to C8 cycl oal kyl group which may have, Ito 5
substituents selected fromthe group consisting of a hal ogen atom a

hydr oxyl group, a cyano group, a O to CO al koxy group, an aryl oxy group
whi ch may be sEb a G to C6 al kyl carbonyl group, a d to C6
allcoxycarbony|£§ggzg, ? to C6 al kyl dno group, an am no group, a nono -
10or di - substltuNed el 8 CB al kyl am no group, a ¢4 to C9 cyclic amno
groupg whi ch nmay Bave 1 to 3 heteroatons, a fornmylaminr$ group, a Cd to C6

alkylearbonyl to C6 al carbo Ianlno roup ad to C6
al kyl sul fortyl ﬁ&ﬂgwﬁhgﬁéﬁafﬂﬁeﬁw?ﬁ§39§ @WPH dwéﬁﬂn R W%ﬁ be
substi t Lﬁpﬁpre[sélﬁ%bﬂb@é éﬂé(l@i’o@wﬁ%ﬁ'rﬁ@ teydubgitatd’ oreanso @ al kyl group
having a c oal ring l'es of the C3 to CS cycl oal kyl group include
a eyelopb@éyﬂQ@gﬁuw‘Wadty@ybéﬁﬂ@ﬁVWﬁ@éthyI group, a cyclobutyl group, a
cycl opentyl group, a cycl ohexyl group, cycloheptyl group and a cycl ooctyl
group. [0059] 2 OThe preparation nmethod of the present invention is shown

i n Soherigffects pOBEMjveptvem 11] Schene 1 [ 0061 ] In the schene 1,
PCl in the forggkﬁ Wand the formula (2) and R in the Fornula (1) to the
formula (3) hé he same neani ngs as descri bed above. [0062] |. Step

gt ephl is a S}Aﬁ:}[@oﬂlﬁngﬁﬂ@&ﬁ@ fgerd ityeahtionyd cc@ﬂipliun(ri] @éprés}t&ﬁteddﬁpb@lgdieraipr esent ed
y the general fornu or an_enanti r thereo o a fluorine group
by fl uo?fpﬁﬁ’tﬂiar{ ) ortwnan%%?r&kereg %@‘ﬁéﬁﬁf&cpi"ﬂy @H’déﬂﬁ?%Bﬁ‘F{ﬁf k F#%1 i di ne

deri vat i MRd[RRAr e%%%%ﬁnb& 15@@ 28808 H thf B RdCdYrentcdib emageRaer t her eof

using a sulfur tetratiuoridé derivative.
15  formula (3) or an enantiomer thereof can be produced inexpensively.

Embodiments for Carrying Out the Invention
[0030]
Hereinafter, the present invention will be described in detail.
20 [0031]
The present invention provides a method for preparing a compound represented
by the following general formula (2) or it’s enantiomer, or their salts, comprising a
fluorination step of fluorinating a 4-hydroxy-3-(N-substituted aminomethyl)pyrrolidine
derivative represented by the following general formula (1) or an enantiomer thereof
25  using a sulfur tetrafluoride derivative.
[0032]



[ 0063] In step I, the sulfur totrafluoridc derivativections as a
fluorinating agent. Exanples of the "sulfur tetrafluoride derivative"

i ncl ude (dinacithylanaino)sul fur trifluoride (Methyl PAST),
(diethyl am no)suifur trifluoride (PAST). inorpholinosulfur 10trifluoride
(Mor pho- DAST) and bi s(2- et hoxyet hyt ) am nosul fur 1d fluoride (neoxo-

Fl uor), [0064] Anmong t hese, norpholinosul fur trifluoride

(Mor pho- DAI ST) or bIS(2 met hoxyet hyDami nosul fur tritluoride (Deuxo-Fluor)
is preferred. [[0065}] Generally, the sulfur tetrafluoride derivative is used
preferably at an equinolar anount of 1.0 to 10 tines with respect to the

conpound represented by the general fonnula (1), [0066] In the
fluorination stléy, an unﬂl f the fluorinating agent used nmay be reduced
by adding a hydr de source or water. Therefore, the anmount of the
fluorinating agenf us d be reduced to 1.0 to 1,5 equival ents per nole,
Wth respect to t npo rqggesented by the general formula (1), so
that the cost can d@‘reduced 67] 25In the fluorination step, the

fluorination reactigp.is accelerated due to the presence of the hydrogen
fluoride source or er, and thus 75% or nore of the reaction, or 90% or
nmore under norgy3neferred conditions, is conpleted within 24 hours. The
effect to accelerate the reaction is increased by, addin sul fur

telrafluorrdeI@3W|9€?F@é1hPF@Fm§ddF%?BH”%?WFBE“EH?E e qﬁ?&?%@eﬂ“#luorlde
source. 30 f 3 gMCgur

tetrafl uﬁorll[egpe@%let? |a\(/:z;ttlo\/Ce6\/§|h§}Fl sedf% ?%rﬁ%ér@ﬁﬁg%?}lﬁgt?%ﬂ@sﬁg wat er may be
added t cnyalqaﬁe{d: 'gromlp velyish ey besulsspitwiedht bdh@ mmpwdvmrére Sbdcused.

Exi st ence of | er h r “wat er "

i ncl udesSSRERL ae@é’y?lsdjn gﬁ?\% a?tnheta%g ac |t1c1)rg(ﬁs%i his BOLR %t as wat er
added tQnﬂaﬁea&hpomuB@hMﬁhmaaﬁﬂe&mhmdhymmCHMudat of mater added or a
nnlsture conte&% f a solvent is preferably in a range of 1,000 to 8,000
ppm:95. [ 00701 The "hydrogen fluoride source"” neans hydrogen
fluoride, or ?Cﬁ&hi%or a conpl ex made of an organic base and a hydrogen
fluoride, which generates free hydrogen fluoride, Exanples of the hydrogen
fluori de sourckgi ncl a:quethyIanlne hydr of | uori des, a hydrogen fl uoride
pyri di ne conpl e a Mdrogen fluorideinel am ne conpl ex. [0071]

Among these hydrfogerk f1 ygride sources, a triethylam ne hydrant:to:ides
containing free ogen quo(Ihe i's preferred in an aspect that it is
possi ble to accel T at e the reaction so as to reduce an anount of the sul fur
tetrafluoride derigigtive, :1.5and a triethylam nc pentahydrofluoride is
particularly preférred. Meanwhile, triethylam ne trihydrofluoride does not
contain an ex¢e&kxilve anount of hydrogen fluoride with respect to

ietiw i dth h ff f h
eaction. 007 AEERL AT o SR oo e i B BEER b TEAHGS Sour ce

usedsi s @beh.enhall, Feprscnt L0 valentkyl gngs wiicl ntag bkGubdtinesd pera @die, based
on the conpound represented by the general formula (1), and nore preferably

in a. rdﬁ@éY@?dhﬂéﬁGW%3®5ﬁﬂ§@%P3ﬂ@ﬁ@“&ﬁd further preferably in a range of 4
equi val ent s Ol Ry © in an aspect of accelerating the reaction. [0073]

Further, the present invention provides a method for preparing a compound

represented by the following general formula (3) or it’s enantiomer, or their salts,
20  including step 1 and step 2.

(Step 1) A fluorination step of obtaining a compound represented by the general
formula (2) or it’s enantiomer, or their salts, by fluorinating the 4-hydroxy-3-(N-
substituted aminomethyl)pyrrolidine derivative represented by the general formula (1)
or an enantiomer thereof using a sulfur tetrafluoride derivative.

25 (Step 2) A deprotection step of obtaining a compound represented by the

following general formula (3) or an enantiomer thereof, or salts thereof, by deprotection



2: S5For the fluorination step, a reaction solvent may or may not be used.
When the reaction solvent is used, a reaction solvent is not particularly
limted, so long as it is stable under the reaction conditions and also is
inert and does not interfere the reaction. [0074] Exanples of the reaction
solvent include a solvent such as acetonitrile, toluene, 30tetrahydrofuran,
chloroform nethylene chloride and ethyl acetate. Anong these, tol uene and
acetonitrile are preferred 0075 The, reacti.on, sqgl ve S

proper | yOTIS’%F 8’29?@6‘88 SRR ATHGe %’ﬁ“‘f(’némg%g EthgeomRoyd ePF el%tﬁée] by glaec%eig%rr? 1 and
used ei tfpenuRl (ON6r 0k chihtadd] AahéiOrltsPbidiferin s&ppr oper dehydrating agent or
desiccant is used as a non-aqueous solvent, as necessary. The anount of the
reaction sol vé#®37sed is not particularly linmted, but is preferably in a
range of 2.5 t[@h%@ fdymes the weight of the conpound represented by the
general fornul'a (1) or salts thereof [0076] A reaction tenperature
is pbeferably within a range from-78C to a boiling point of the sol vent
used, and norefppreferably f%n a range of -10 to 30C. Meanwhile, 10the
fluorination re&:ti thé fluorination step does not necessarily require
a low tenperature ond%i on such as -78C because the |iquid hydrogen
fluoride is not dyseg [00G77] Afier the fluorination reaction is conpleted,
conversion into aldsalt of the ound represented by the general formula
(2) or a salt of @h enantioner thereof can 15be effected by adding an acid.
Exanpl es of the acid which may be used includes hydrogen chl ori de,

hydrochl ori ¢ 489 hydrobronic acid, hydroiodie acid, trifluoroacetic acid,
trifluoromethgyi [ [ TR ivehianghat @k uenesul f oni c
aci d. Anmong tﬁ{égge,% yglrgo(g)e’%&éﬁqrgée:ﬁa%teygg%ﬁ%ﬁg%%@?ﬁaci d |Sls preferred,
[0078] 20ibNetuted: ai n€d te &Btcyolmylkyberoup iWhidumante pasiiated by using

con\@nti onal rslg ation nethods(for exanple, extraction, recrystahization
and “chr omat og %). A salt of the compound represented by the general
formul a (2) ofnéhe pahtladl) anl wadntiudi (28) the Herotativegyoupeootheamea at an

I1PLC relatiyve purity of ii?l%eﬁr re under nore ref.erredlf ndi tions.
25[ 0079]2roup” is noERaHpHady Jmitedsod s e RN VAP WS SEEE o B 4 cat i on

by reer ysialclil @ aloupTor the iy YRLE!andRbMBRE ther&dthadlode arciraikyl goapat e,
di i sopropyl ether, 2-propanol, acetonitrile, chloroform N, Ndi netinyl

y
f or mani dwichdb mbendpll genprasdiadRarametheiPnZyyerowt PRI aiexyGrearyl ZBRYEClKk et one,
t et rahydr.of or d ohb098Q lox {¥EPRGy ;ar@l cohol s,
et helr% ana(';jS e@ﬁ%xg%g?og&ieé%?%’ %@@%é}?}%ﬂ) gn%%r%tai?arg%}( ,OX et hangl QI%(?IEI sopr opyl
et her andopbhyloxametatyé garnp, mbutylqxyedrbomd grouphes ssobulylaxycarbaeyl serused
ei ther al ope or, in copnbination 081 [ Step 2 is a
depr ot ec?‘?‘g%t'@ftgiﬂx?ﬁarg‘%{yéigmuﬁg a Pil([g %6 egh%rgzl %nggjeségﬁ 2d by the general
fornul a lﬁé’ll)zylb&y&atrb(&lyﬂ? Rediipl, @ PEhethoxyHehgyloxmatiosybyronpendapg a protective
group (PG on the am no group of the gﬂ?rggound r eﬁr esent[ ed by t r11e gener al
for mul a RPbERZYEFARTPORE Rrow atln@koxy e SramsiFhaye My Wﬁ%ﬁy group;
20 a methoxyethoxymethyl group, a 1-(ethoxy)ethyl group and a methoxyisopropyl group,
and an acyl group such as an acetyl group, a trifluoroacetyl group, a propionyl group, a
butyryl group, a pivaloyl group, a benzoyl group and a methylbenzoyl group.
[0040]
Among these, an aralkoxycarbonyl group or an alkoxycarbonyl group is
25  particularly preferred, and an aralkoxycarbonyl group is more preferred. Examples of
the particularly preferred protective group include a benzyloxycarbonyl group.
[0041]
In the formula (1) to the formula (3), the “C1 to C6 alkyl group which may be
substituted” means a C1 to C6 alkyl group which may have 1 to 5 substituents selected

30  from the group consisting of a halogen atom, a hydroxyl group, a cyano group, a C1 to

10



For step 2, the renoval of the protective group on the am no group of the
conpound represented by the general fornmula (2) or ifs emt-honer, or their
salts may be perforned by property enploying a nethod described in a
literature (Geen, 'LW; 10Wats, P. G M "Protective Goups in Organic
Synthesis,"” 2nd Ed., Wley interscience Publication, john-Wiley 8.t. Sons,
New York, 1991, p 309148.), [0082] Case in which a protective group is an
ur al koxyecarponyl group apd.an_aral kyl aro . n the
or ot ot 1 o8y oy Mo R a8 Bpsinistye E0ly CH A Guby?

benzyl oxgtoar,RoCT ¢ Q6 alkpxy@nsbriahg@ug) K¢l tgCoupkydthahgraus, aa dnend gydupga oup and

a paranet hox. yhenzyl. gr , e protective grou G ..may.be renoved in the
pr esencem8‘f‘°'ePrﬁ&'ﬂ%&ﬁe‘gggﬁ%ég@y&&%ﬁnﬁﬂ?@’ ﬁygg‘r@&ggﬁ)ﬂl‘éﬁ. "F0¥88P 20Exanpl es
of the catihYsly Hised th NGkedRtEPal thAf)MMisAEBLY S Csuchsas pal | adi um on
carbon, palladiumon alum na, palladiumblack and pal | adi um oxi de. Anong

thesé, pakyleatbomnlaminoaareen ai(sl torled elkperraronyBaineEging 25! 6¢ Cohe hydr ogen
source i . i i : i; g fartnic
ol d1 or - DK 00 Bl 2 Bl e A R B iy B S BBl 7 e

2- propanol . Af@g]}t hese, hydrogen is preferred. [0085] Generally, hydrogen

pressure int I, tign.i ref,erably.,in a ran at npspheric 'pressure
to 100 atm & ﬁg?gga%lfﬁ g??’llpal?%?ﬁéjéh&eara(frr%as%ﬁgﬂoé”eﬁPeé’g%rroélpto cc 010
atm and:fdamiglest the €fl @b @l YkyatrmsaRente a pretiss yk@ip, hOOBS] group, a proggneral |y,

the reaction is preferably perfornmed using a sqlvent. Ex | es of the
sol w8nt AN ddemsHyRYEEP UL adnmgdy HEPINA §5UP, égﬁa lerqpygg?wa@ ohol ,

et hyl en p : rossChagsn
Ietrahygﬁrtg}%lﬁlﬁbgkl, gx?){}glég%gﬂq?%ﬁ@?#%%bfﬁgyt %(g{?;rlllg,m%ikrre ﬁgﬂ;yet han% and

di gl yne,thege, an othmik groue oripeignddsuch as benzene, tol uene and xyl ene, an ester
such as net hyl[ fegtate, et hyl acetate, isopropyl acetate and butyl acetate,
a hydrocarbon*such as hexane, heptane and cycl ohexane, and a m xture

t her eof . Anon@Exhingke of dlec@HolbosCulRopyr gfoept adjudandnahivgngloup sanrmnexy

prefer red.‘gﬁ‘gg??l %}{Beﬂer?l I}y, a reaction tenperature is preferably

Wit hPn &P HOSEEE ¢ ANGET PPN OPYi nt of a sol vent used, and nore

preferably w gm@&a range fromroomtenperature to a boiling point range of
1

a sol vent use 0[ 0088] . To prevent deconposition of a product, an
acid such as JUpfameyaEPe Whirdmeshbosubstigisdd meshoIPHIIPY HeFRIWhser chl ori ¢

acid an 1 ggaﬁl% i L : ga@frg)ﬁg |,dj ne,
triet hyﬂgéﬁ; }rllge‘{ew:% I umg%t%l?t gg?é%égﬁgﬂlpﬁg? ggt)s@ﬁklﬁ%? oxi de l@rrg;)r/lrb)e{l(?ﬂsl’gé be added.
Addi t i ormygfoxyherapi @cysmomredre rmetdy geomg, hEdrio 6ol adleil greup, d Glsokr e preferred.

L0928] sy bl SET S B Bl B oL ve group T an aral oxycar bony
protective greupi5{PG is an anil koxycarbonyl group such as a
bt oxycar |1 o Amgiiadh e BB BROEBD! VTG GBErPS) SRdy SHL PAREUY8 By an
organi c ggjgl or inorganic acid. [0090]
[0046]
25 Examples of the “C1 to C6 alkylcarbonyl group” include a formyl group, an
acetyl group, a propionyl group, a butyryl group, an isobutyryl group, a valeryl group
and an isovaleryl group.
[0047]
Examples of the “C1 to C6 alkoxycarbonyl group” include a methoxycarbonyl
30  group, an ethoxycarbonyl group and a tert-butoxycarbonyl group.
[0048]
Examples of the “C1 to C6 alkylthio group” include a methylthio group, an
ethylthio group, a propylthio group and an isopropylthio group.

11



Exanpl es of the acid which may be used include an inorganic acid such as
hydrochloric acid, sulthric acid, hydrogen. brom de
trilluoromnethanesul fonic acid and hydrogen iodide, and. an organic acid.
such as acetic acid, trilluatoaectic acid, trifinoronmethanesulfonic acid
and p-toluenesulforlic acid. Anong these hydrochloric acid is preferred.
[ 0091] Cenerally, the reaction is preferably perfornmed using a
sol vent . Exanzhg& of the solvent include water, nethanol, ethanol,
propanol , but J acetonitrile, dioxane, dichloromethane, chloroform

N, N-di nt et | aylferrnol gedi-ssbe@tied | GlubfCxaldgamNmeilow pykeinol 4 d1 an€o
sul f oi ane, net hyl et hyl ket one, Ietral%%gtopyrqg, ﬁghrgékhyllornanirk

di met hy | akylp@iacgaoummhib gy baperloloi LBRetitueris FHPHUFE FORAR FAPKYPREI Bne,
tetrahy ! éﬁmy Lebrdus. Preferred.
[0092] BIPHIGE Ay @&g*glgggb?g%%?nper a% u<tr:gpois§6 e %,?aé‘? Y within a
rangé fr@emidgithio gaolwiahiangnpgionp, €4 40 €8Icyelin amigedrowmuhivd meaypgieEe ér abl y

within range f.romreom r r | 1] ' vent used.
[0003] APCarRe RuCPEE R BN HERERRAE Yo Seiybbo R ot sl

rsol at i an6 ekglshEodQamito gduwaid arsamytputfomyemtriooralp skjEamady en met hods (for
exanpl e, %xt raction, recrystailization, chromatography, etc.), if desired.
[ 00941 Substitutegyanpl es of the sol vent which may be used, for purification
by recrystallirgggion, include water, methanol, ethanol, ethyl acetate,

2- propanol , 15dii Scipropyl ether, acetonitrik, chloroform

N, NL@i ni et hy| fEsamplamodehe ‘i Inet G pliulaming eupRinelidey HSiAY gMigbEeLP, an

i net hyl e [ O tetr r.of: . :@gy a B ;

Anong t h%@%&g'ocgﬁgﬁ)’,aﬁm%ﬁéwlg%ﬁ gl;&ug’dn%t {isﬁ:% JEeur ar elq%%g%{{gf ?g%ld ggg%]ngtlohanol ,

wat er angtoep,tapln-pareylaténcegrouprendapnékerylrmiho gihese sol vents nmay he used

ei ther al one i Qagrlﬁ 20cor nbi nation. [0096] The present invention is a
met hod for pr @) #ng (3R, 4S)-3-(N-substituted

am nonet hyl ) - 4tuorapyIor gtiidhmendgroap sinesgai Seifeamitegreap whivh @atdiss

t hereof . Accordi n,gat o the preparation nethod of the Ig:aﬁgent i nvention,

si néé arhtdeAShencgrBOseT HAMIR A WS SblipVHEhar AYYEEs ¢ He ¥ Bund
represenf,ed Ry bt gf'esgﬁnﬁ i rhgge?r Ml r{id9) of thay4 e ChIcyelid Aatedridg Mokide

protection, prot I proteetion steps are not requlred, and thus,

ction and
t he nunirerazpfidyd igepw, p pytielddd sseed, acipryigyberovn, coawrbabil GHEID: ARPREAY! ( VE)

2003/ 078439 (P : (Pat ent Docunent 4)).
[ 0097] grogp, an?a%%lg%é?%?eg)gg%ﬂ%an %%@g@%:ﬂtgﬁ%@em i nvention, both the
conmpound repr ¢8@Med by the general fornula (2) and the conpound
represented by, the general foroqul 3 be crystallized and, easily

pur Vi ed, corréﬁ‘f’g‘(ﬂ’legd’?ﬁ?‘f’e %&/ﬁ’t(ﬂggﬁé’ fcﬁé{(’ﬁ%m"@ﬁ %r&YIBS gj(fhld% a&aﬁiﬁ%xgglelﬁ(bat ent
Lai d- Op ). nZRARAY cloRplagdt b ARiMo &bupn which all the

i nter m%}g{t}%sa%r@g gﬂ y pr%dugts. [g%ggll o g upThe prior art of directly
fluorinating aR0%i no al cohol wi th an unprotected anmino group includes a

ot hod usi NG yiAGeROr) e oR¥I SR SRR SX) nGR s, 246

1983. (NonPat ent cunent 3 usi'ng a sultbr tetrafluoride
der i vat i methp¥RaP@0§1ah804 @rquipate athoDyearenianyny grapda & met hod usi ng sul fur

LA L LR AR A, e 21
Chemistry, (193&4]) 44(25), 3808-3809 (Non-Patent Docunment 5)), [0099]
Examples of the “C1 to C6 alkylsulfonylamino group” include a
methylsulfonylamino group, an ethylsulfonylamino group, etc.
[0055]
30 The “arylsulfonylamino group which may be substituted” means an
arylsulfonylamino group which may have 1 to 5 substituents selected from the group
consisting of, for example, a halogen atom, a hydroxyl group, a cyano group, a nitro

group, a C1 to C6 alkyl group, a C1 to C6 alkoxy group and a C1 to C6 alkylthio group.
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The nethod disclosed in | Chem Res., 246, 1983 (Non-Patera Docunent 3) has
problens in that, although the yield in the fluorination reaction is
relatively excellent, it takes several days to conplete a reaction. In the
preparation nmethod of the present invention, the reaction may be
accelerated in the presence of water or a hydrogen fluoride reaction source
so that the reaction tinme can be shortened to 24 hours or |less. Further,
the addition Qéfljle wat er or hydrogen fluoride source may reduce an anount
of a fluorina agent used, thereby saving the costs. [01001 WO
2006/ 13048 (P@txambldé)@eﬂr&ﬁty’laulﬂinymhme@grombaﬁncmcbm flenylselforglldmiopi de
derivative, DAST, used onvert a benzyl - (2- hydr gx eth | am ne

der i vat iSF8Up: r?t‘bmﬁ@d’ Bhenylsy ‘?IB’ BEOR AR %@P@lﬁ“@?ﬁﬁﬁ%% Bieldis as
low as 17% ol ot her hand, the fluorination is performed in good yield
in the case of the preparation method of the present inventi 0101]

in the net hodExdewtesiohét * Gﬁt@&&%ailoaélfyler(gmwlecltsﬁ@bhbstsrlbsﬂtrtfg?@lf ludg4(5)

771- 777, (1975)

125 | S0 S EE E E e Ee  B om 1

requi r ectonaindng bishalddem amhi £hydrpxiyligryur, 8 coenyr gdep, allé ta 66 hexy ear r angement

of the fluorinati.on 03|t|o and,th ace t 'nt of t he

pr epar at§"6HP: r?@tah%lﬂx%gmtuﬁémb ganpe F’ﬁ@%ﬁ ?‘gﬁrwfﬁ) é?%w}' ¢ rebr?%g ga?ﬁuéae condi tion

i's not regw cedikorpshrbdis] ERAP! adqr%rejatauamhragleupmtamno dees, Aatanoni r e,

whi ch make it possible to obtain a desired s erlcf ound é’éH% or it's

st eﬂ@m sursubgiuted &1l o £ alleylamusngspyp. 1ot C9 cyclic amr R 2R IEHE PAY ent i on

wi | @ﬁ%‘irtb%ﬁlﬁt&ba&&n@i hﬁ?ﬁﬁuﬁ& @&?@bﬁo CRUlicBiendiyRSRIRb ghetpeat i on s

not limt ese es Benzyl

(cycl opr@byi@maﬁqomammyymrmydrgm@pyﬁrldb|Cdi aﬂéylilﬂﬁfawmyp atarHpdeschl ori de or

benzyl

(3R, 49) %y%BV%?yd%PmBﬁm% vr\]/g1r<7:%t11|1|51>)/|13e Szllbﬁutar oxypyrrolidi ne-1-carboxyl ate

hydr ochl ori de,[0gd8]ch are used as starting materials in Reference Exanple

and. Exanpl es uced, accor di to a thod des |bed in WO

2007502567 10(T|19§mé%tt° kyﬂ%”“?o%ﬁls %fh?re\gélr?éﬂ‘&% = eI q %& Yi zyl

(3S, 4R) - 3nd. cySlaam) amﬂtﬁaw@aem ytlbakkyl gibagrrrdnhded; dy@}dpro@&ighmpyh ate 15[ Chem

12] 490 g (1.50 nDIR of benz §38 4R (eyel opr opyl am B 11-4-

hydr ox: ,cysjapremnilartisl goupr babégrrymséémleprfﬁﬁél SRRl iy SloneeK gr P1.47 L of

wat er, l £ dded, and 1.13 L of a 2 R on sodium

hydr OXi gaéysog?}%h}gggd%%gq gf‘)g&&’ anﬁl nternal tenperature of 2.7 to 10C

under an ice Wab¥X-cooling condnion, with stirring. The m xture was

extr cted wth,2.45 L o et ate washed with

2, 4% L of sat m’ﬁtpéﬁnasaaiopﬁ%etﬁéiﬁﬁgreﬁem lgvelﬁlog?%%hg)\%noé%%g\ggllf ate was

added, followgdody stirring for 0.5 hours. Anhydrous sodi um sul f at e was

separated by f||trat|on a solid was then washed with 0,49 L. of ethyl

acetate, 25and“t#B- tilltrate and the washi ng were conbi ned, and then

concentrated under reduced pressure to obtain 454 g of the title conpound

as a colorless oily product, [01041 "H NMR(CDC13, 400ML-12z) 8:

0. 2540. 55{5@hema19 2. 06- 2. 21(| H m, 2.66(1H t, 4=11.2.Hz), 2,96-3, 12(2H,

in), 3.20(114, ddd, 5=4,6, 7.8, {5, 411z), 53 65(111, ddd, 8.4, 16 51 1z),
1

3. 76- 3. 83( ‘3’4 t AR107(111 d ‘\5 7Hz), 5.09-% 16 ‘N7 , 7.28-
7.39(5H, m. | v puPirogesD8. 2% 274 m i)

measur enent n%t rf%iw ﬁnert-s-r-l—-aibs- 3, M50 nm
pre-columm Ineftsil ODS-3, 4.0 rrmg,1 0 mm nobile phase i luted phosphoric
acid (i -*1000 (3(solution A), acet h‘itrlle(solutlon 43) 40 to 10 mn;

linear .i.tradient of solution As glutin B = from 70: 30 t8)60:40, 10 to 20
m n; I|near gr(aldrent of solution A solutlon B =from60:40'to 5:95, 20 to 30

mn; solution A solution B-5:95, col um tenperature: 3091, flowrate: 1,0
M2 [0061] '

In the scheme 1, PG in the formula (1) and the formula (2) and R, in the
formula (1) to the formula (3) have the same meanings as described above.

[0062]
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[ 0106] Meanwhi | e, in !Exanpl es and Conparative Exanples, the

"equi val ents" of a fluorinating agent. and an additive were cal cul at ed
based on the nunmber of noles of benzyl

(3S, 4R) - 3- (cycl opr opyl am nonet hyl ) - 44hydr oxypyrrol i di ne- |-carboxyl ate on
t he assunption that benzyl

(3S, 4R) - 3- (eycl opr opyl am nonet hyl ) - 4- hydr oxypyrrol i di nel-carboxyl ate
hydrochl oride_is converted into benzyl (38, 4R)-3-

(c.ycl opropyl éﬂ?‘ﬁ%&ret hyl ) - 4- hydr oxypyrrol i di ne- 1- ear boxyl at e under the
condi tions desgsd bad i) Hedengnsa | eroup O thélcobipotif@feprdsBnteX 8gpl es and
Conparative Exargpl e, tf\be " mul ?i gl ﬁaﬁggn? abvol une%) mp a sol vgﬁt used
with respeeenard) fprreulpéi ktan(egynigimeseherpol ingea fuorynezggroup by fluorinating

(el oprapyl AN AerehOXl bl dEORMYRNB IRk AREbRL SV eh! o de,

mat er |
(3S, 4R) -Bnecy tdrowto@y ban momebmet hedeof DsiBlnanbyotrafladriddidesvitiar boxyl at e,
and was cal cul @Q(@S fromthe foll owi ng equation. [0108] Miltiple (v/iw =
(Vol une of sollV¥) (mt.)/(henzyl (3:3,4R)- 3-
( cyg I ?pr opy! arm Bep r1gﬂi@)@%ﬂfglgtegsl{%%?&%geriwdliwﬁu?aidm aa:alfmwhmrg dpydir ochl ori de
used for_a reactjon) ) anpl e nz ,
(38, 4R -Brangplgcoidpe gﬁéﬁ“&Fﬁt H@‘thlﬁl_@ﬁrﬂ"-aﬁyﬂr@2&’69?&616&3#%9@“@6\’? boxyl at e
obt ai neQ{il?l)éofi@@(M%PgﬁA‘gﬁn&ﬁ%e:ﬂgﬁarhﬂloﬁ%iﬁf BNROrEY ARKE) WASpEbIESRLME: | N a.

sol vent (acetonitri es) A fluorinating agent (Deoxo-Fluor, 4
equilval entlyodidsvddombdddAat) am bis(ﬂgnﬁhpxxeéhwﬂmmnw&ubtrlﬂt@nﬂé (Bepxof ol | owed by
stirri ngﬂ%r)an internal tenperature of -5 to 5C for 1 hour, and the
tenperature’was raised, followed by stirring at an internal tenperature of
10 to 20C for Podeadrs, and then left standing overnight at 5roomtenperature

(Table 1). The reaction solution S.subjected to ur ts using HEIR
The results ardPPisiesf W@@PBSﬁﬁf@&aﬁ((gﬁ%TP@% or B2 Berrgyi
(3S, 4R) - Befh8 Y IORTLRYMbAMuR BIRIME X Doy Hrexypyfaiatdddi ne- 1- car hoxyl ate

obt ai ned by the nethod described in Reference ' Exanple was dissolved in a
sol vént (acet ¥l e, 6 multiples). Thereafter, an additive (triethylam ne

pent ahydr ol | uet.l i : . ; ture of
Do 100, 1 oY o P e £ Lot
0. 5 houranoubhef}.0go flD diordsvetli rgpeag enthe cDmprodepesyntedmby Bddisderat an
i nt er nal terrlpgi)ature 0l5 to 5C, following by stirring at an internal
terrperatfﬁpg 6f'25 to 5C. for | hour, and the tenperature was then rai sed,
fol l owed by sfogeeing at an internal tenperature of 10 to 20C. for? hours,

and then left _standing gvernight at ropomt erature (Tahle . The
reaéfi on sol ul® 8% fgb&ég’éﬁﬁ‘} Her-ed W%ﬁgﬁeéﬁ’gﬁf@l%ﬁgﬁaﬁﬁﬁ E3THe results are
l'isted iR4JRAIE alding a hykQkhiluckE¥ PR Sr witck.0 Tilerddkes thLARS RS WRS

performed in the same rmanner as in Exan?l e 2 using fluorinating agents,
addi t i veduaivatisppgahbsed max beiradhcerkyl le0 to 1.5 PRBIVAIERE tPRbMOke Mt i6¥Peflas

-Sg[ J()i(]:.tZ]e[g j%%fde[iﬁil?ﬁ%ﬁ%eﬁtéﬂ%Me gleflé:r)&lc%o;ﬂﬁlar(?)s, % tt ?r{eecogt‘ c%h%q rb(ﬂm@@. €

25 In the fluorination step, the fluorination reaction is accelerated due to the
presence of the hydrogen fluoride source or water, and thus 75% or more of the
reaction, or 90% or more under more preferred conditions, is completed within 24
hours. The effect to accelerate the reaction is increased by adding a sulfur tetrafluoride
derivative after addition of the water or hydrogen fluoride source.

30 [0068]

When an excessive amount of the sulfur tetrafluoride derivative is used for the
fluorination step, water may be added to a reaction system, or solvent containing water

may be used. Existence of water accelerates the reaction.
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; Fluortnaung agent (Nuivalent) dditive (Equivalent) Solvent Exanple 1
1 1)ritixo-1-1130E" (4,0) CHCN Exanple 2 Deoxo- Fl uor (4.0)
51ill.EII3N (2.0) (7.11.;EN Exanple) Deoxo-Fluor (1.2 5171FEt3N (10.0)
Tol uene Exanple 4 DAsT (1 .2) 51117Et/Nt (10.0) Tol uene

[0069]

The “water” includes water already contained in the reaction solvent, as well as
water added to a reaction solvent afterward. An amount of water added or a moisture
content of a solvent is preferably in a range of 1,000 to 8,000 ppm.

[0070]

The “hydrogen fluoride source” means hydrogen fluoride, or a salt or a

on

complex made of an organic base and a hydrogen fluoride, which generates free
hydrogen fluoride. Examples of the hydrogen fluoride source include a triethylamine
hydrofluorides, a hydrogen fluoride pyridine complex and a hydrogen fluoride-

10  melamine complex.

[0071]

Among these hydrogen fluoride sources, a triethylamine hydrofluorides
containing free hydrogen fluoride is preferred, in an aspect that it is possible to
accelerate the reaction so as to reduce an amount of the sulfur tetrafluoride derivative,

15  and a triethylamine pentahydrofluoride is particularly preferred. Meanwhile,
triethylamine trihydrofluoride does not contain an excessive amount of hydrogen
fluoride with respect to triethylamine, and thus, does not show an effect of accelerating
the reaction.

[0072]

20 Generally, the amount of the hydrogen fluoride source used is preferably in a
equivalent range of 1 to 10 times per mole, based on the compound represented by the
general formula (1), and more preferably in a range of 3 equivalents or more and further
preferably in a range of 4 equivalents or more in an aspect of accelerating the reaction.

[0073]

25 For the fluorination step, a reaction solvent may or may not be used. When
the reaction solvent is used, a reaction solvent is not particularly limited, so long as it is
stable under the reaction conditions and also is inert and does not interfere the reaction.

[0074]

Examples of the reaction solvent include a solvent such as acetonitrile, toluene,

30 tetrahydrofuran, chloroform, methylene chloride and ethyl acetate. ~Among these,
toluene and acetonitrile are preferred.

[0075]
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Exampl e 5 DAST (1.2) 511F,EtaN (4.0) Toluene Exanple 6 Mor pl t o- DAST
(1.2)51-1F IlliaN (4.0) Toluene Exanple 7 Deoxo- Fluor (1.2)51-WIlIltaN
(4.0) Toluene [01131 (Exanple 8) blenzyl

(3S, 4R) - 3- (cycl opropyl am nenet hyl ) - 4- hydr oxypyrrol i di ne-1- carboxyl ate
obt ai ned by the nmethod described in Reference Exanple was dissolved in
S5acetonitrile (6 nultiples). A proper anount of purified water was added to

t he sol ution i sture content befor ddi.ti on. of rified. r:. 426
to adjust a moi'SEEAEOR SN EHLS BrropF’i%-‘ése‘éa‘%%‘? dersBiiggionfiny %a%,%%‘i@%% e PP
Meanwhi | @actRnRhElide @ith@! diéhcSn BBABIMEEEh. USTuithes, akaoper Hespdretingredenod. The

reaction was perforned on the noisture - containing s | e solution

iT nblt he8s<§r19@51ﬁﬁ?ﬁ’(ﬁé?u55§ ap A NES-ARAPIES EOI(V?%beSen@E?S.SE‘%e%ésaB}OPgt qﬁtﬁ? e listed in
able 8. [0 l ' imi is pr ly i 2.5
(35,4R)i?%%%éﬁ%g%g?%%gﬁﬁ?%fﬁﬁ&§%¥%9§39?¥gFEglﬁﬂg@gylgggggiyﬁéteug%%ained by
the et hodedls ovdigieof the Refronahupr@Exai by thiagengra Sonpén(l) ot skt onifrile (6
nulplplqggf ﬁ proper armount of purified water was added to the sol ution
(moi st ur'dEBhtent before addition of purified water: 426 ppn) to adjust a
noi sture cont gnv769f the sanple solution to 7,358 ppm Meanwhile, a noisture

on the. moi St UrbIGACHON MBI TR SAr S BUbIHEF G oL e SURL Ranner as. i n
Exanpl e doif{Iah@sdvent TG, heSHokSpréAaany lin 8tedeon-Mabl3e°@. Mkidshile,

10 the fluorination reaction in the fluorination step does not necessarily require a low-
temperature condition such as -78°C because the liquid hydrogen fluoride is not used.

[0077]

After the fluorination reaction is completed, conversion into a salt of the
compound represented by the general formula (2) or a salt of an enantiomer thereof can

15  be effected by adding an acid. Examples of the acid which may be used includes
hydrogen chloride, hydrochloric acid, hydrobromic acid, hydroiodic acid, trifluoroacetic
acid, trifluoromethanesulfonic acid, methanesulfonic acid and toluenesulfonic acid.
Among these, hydrogen chloride or hydrochloric acid is preferred.

[0078]

20 The obtained salt may be purified and isolated by using conventional separation
methods(for example, extraction, recrystallization and chromatography). A salt of the
compound represented by the general formula (2) or a salt of an enantiomer thereof may
be obtained at an HPLC relative purity of 98% or more under more preferred
conditions.

25 [0079]

Examples of the solvent which may be used for purification by recrystallization
include water, methanol, ethanol, ethyl acetate, diisopropyl ether, 2-propanol,
acetonitrile, chloroform, N,N-dimethyl formamide, dimethyl sulfoxide, N-methyl
pyrrolidone, methyl ethyl ketone, tetrahydrofuran and tetrahydropyran.

30 [0080]

Among these, alcohols, ether and ethyl acetate are preferred, and methanol,
ethanol, diisopropyl ether and ethyl acetate are more preferred. These solvents may be

used either alone or in combination.
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(Exanples 10 to 11) This reaction was performed in the same nmanner as in
Exanple 2 using fluorinating agents, additives and solvents |isted in Table
2. The reaction solution was subjected to neasurenents using 11. 11LC. The
results are listed in Table 8. [01161 [hie 21 Fluorinating agent

Addi tive (Equivalent) Solvent (Equivalent) Exanpl e 8 Deuxo-Fl uor (4.0)
CHTICN (1,194 ppm 1120) Exanple 9 Deoxo-Fl u(4.0) Cli;CN (7,358 ppm
1120 Exanpl e 8 Oﬁ{ﬁoxo- Fluor (4.0) (1.0) CH,ON Exanple, it Deoxo-Fl uor
(1.4) HET ' 4. 6Y% 3 uene

II. Step 2

Step 2 is a deprotection step of obtaining the compound represented by the
general formula (3) or it’s enantiomer, or their salts by removing a protective group

5  (PG) on the amino group of the compound represented by the general formula (2) or it’s

enantiomer, or their salts, obtained in step 1.

For step 2, the removal of the protective group on the amino group of the
compound represented by the general formula (2) or it’s enantiomer, or their salts may
be performed by properly employing a method described in a literature (Green, T.W.;

10  Wuts, P. G. M. “Protective Groups in Organic Synthesis,” 2nd Ed., Wiley Interscience

Publication, John-Weiley & Sons, New York, 1991, p 309-348.).

[0082]

II-1. Case in which a protective group is an aralkoxycarbonyl group and an
aralkyl group

15 For example, when the protective group (PG) is an aralkoxycarbonyl group
such as a benzyloxycarbonyl group, and an aralkyl group such as a benzyl group and a
paramethoxybenzyl group, the protective group (PG) may be removed in the presence
of a hydrogen source by catalytic hydrogenation.

[0083]

20 Examples of the catalyst used include a palladium catalyst such as palladium on
carbon, palladium on alumina, palladium black and palladium oxide. Among these,
palladium on carbon is preferred.

[0084]
Examples of the hydrogen source include hydrogen, a formic acid/triethylamine

25  system, a formic acid/a-phenethylamine system, a formic acid/triphenylamine system
and 2-propanol. Among these, hydrogen is preferred.

[0085]
Generally, hydrogen pressure in the reaction is preferably in a range of
atmospheric pressure to 100 atm, more preferably in a range of atmospheric pressure to

30 10 atm, and further preferably atmospheric pressure.

[0086]
Generally, the reaction is preferably performed using a solvent. Examples of

the solvent include an alcohol such as methanol, ethanol, t-butylalcohol, ethylene glycol

17



[0117] (Exanples 12 to 21) This reaction was peril:wined in the same manner
as in Exanple 2 using fluorinating agents, additives and solvents listed in
Tabl e 3. The reaction solution was subjected to neasurenments using RAC. The
results are listed in Tabic 9. [0118] (lab Fl uorinati ng agent

(Equi val ent) A(Equival ent) Sol vent Exantl Deoso- Fl uer (4. 0) :51-1REt?, N
(2.0) (1 1-)3C1,4 Exanple 13 De0OX0-FIZzJO33 ) 51-1F, PA "N (2.0) Crisasf

o< A BBERF Ul SHE LR e BB P
dioxane, dimethoxyethane and diglyme, an aromatic compound such as benzene,
toluene and xylene, an ester such as methyl acetate, ethyl acetate, isopropyl acetate and
butyl acetate, a hydrocarbon such as hexane, heptane and cyclohexane, and a mixture

5 thereof. Among these, alcohols are preferred, and ethanol is more preferred.

[0087]

Generally, a reaction temperature is preferably within a range from 0°C to a
boiling point of a solvent used, and more preferably within a range from room
temperature to a boiling point range of a solvent used.

10 [0088]

To prevent decomposition of a product, an acid such as sulfuric acid,
hydrochloric acid, phosphoric acid, perchloric acid and trifluoroacetic acid, and a base
such as ammonia, pyridine, triethylamine, sodium hydroxide and potassium hydroxide
may also be added. Addition of the acid is preferred, and hydrochloric acid is more

15  preferred.

[0089]

II-2. Case in which a protective group is an aralkoxycarbonyl group and an
alkoxycarbonyl group

Further, for example, when the protective group (PG) is an aralkoxycarbonyl

20  group such as a benzyloxycarbonyl group, and an alkoxycarbonyl group such as a t-
butoxycarbonyl group, the protective group (PG) may be removed by an organic acid or
inorganic acid.

[0090]

Examples of the acid which may be used include an inorganic acid such as

25  hydrochloric acid, sulfuric acid, hydrogen bromide trifluoromethanesulfonic acid and
hydrogen iodide, and an organic acid such as acetic acid, trifluoroacetic acid,
trifluoromethanesulfonic acid and p-toluenesulfonic acid. Among these, hydrochloric
acid is preferred.

[0091]

30 Generally, the reaction is preferably performed using a solvent. Examples of
the solvent include water, methanol, ethanol, propanol, butanol, acetonitrile, dioxane,
dichloromethane, chloroform, N,N-dimethylformamide, dimethylsulfoxide, N-
methylpyrrolidone, sulfolane, methylethylketone, tetrahydropyran, N,N-
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Exanpl e 17 Decxo-Fluor (1.0) 5FIF. Et3N (3.0) (21-13Cl1,1 Exanple 18 Deo
xo-Fluor (1.2) 514F. Et3N (4.0) Exanm& 19 .. Deoxe-Floor (1.5) S5HFEtN (4.0)
Exanpl e 20 Deoxo-Fluor (1.2) 514F11111\1 (3.4) C-13(N Exanple 21

Deoxo- Fluor (1.2 5Fif EtiN (10.0) Toluene [0119] 10(Exanples 22 to 25)
This reaction was perforned in the sane manner as in Exanple 1 using
fluorinating agents and sol vents |i st ed in Table 4. The reaction solution

was subjected to neasurenents using 1-1PLC, The res ts are listed in Table
10. [ 0120methyHpmramise edimziv vl @gldGBN)methylpyfr(’Wﬁ@>$ #n was performed in

t he Sam:fn{:mglt @%or{f;abeﬁéﬁﬁ?!) %?Hﬁd RohikiuHomt et | NOmBee MeSe, vadeliit i ves and

sol vents e reaction sol ution was subjected to

neasur enmeafesedisi ng ELPLC. The results are listed in Table 10. [0121] 7
O(fi;xanple 3%09; is reaction was performed in the same nanner as in

Exanpl e 2 usi uorinating agents, additives and solvents listed in Table
4, Hgwever, tlmns@llyenicatitsh temperature is preferably within a range from 0°C to a

boiling point of a solvent used, and more preferably within a range from room
temperature to a boiling point of a solvent used.

[0093]

After the reaction of step 2 is completed, purification and isolation can be

10 carried out using conventional separation methods (for example, extraction,
recrystallization, chromatography, etc.), if desired.

[0094]

Examples of the solvent which may be used, for purification by
recrystallization, include water, methanol, ethanol, ethyl acetate, 2-propanol,

15  diisopropyl ether, acetonitrile, chloroform, N,N-dimethylformamide, dimethylsulfoxide,
N-methylpyrrolidone, methylethylketone, tetrahydrofuran and tetrahydropyran.

[0095]

Among these, alcohol, water and ethyl acetate are preferred, and ethanol, water
and ethyl acetate are more preferred. These solvents may be used either alone or in

20  combination.

[0096]

The present invention is a method for preparing (3R,48)-3-(N-substituted
aminomethyl)-4-fluoropyrrolidine or a stereoisomer thereof, or salts thereof.
According to the preparation method of the present invention, since an amino group (an

25  amino group binding to R, in the compound represented by the general formula (1))
may be fluorinated without protection, protection and deprotection steps are not
required, and thus, the number of steps is decreased, compared to conventional methods
(WO 2003/078439 (Patent Document 1) and WO 2007/102567 (Patent Document 4)).

[0097]

30 In the preparation method of the present invention, both the compound
represented by the general formula (2) and the compound represented by the general

formula (3) may be crystallized and easily purified, compared to the synthesis method

19



used at 12 nmultiples. The reaction solution was subjected to nmeasurenents
using HPLC. The results are Listed in Table 10. [0122] [Table 41
Fl ki ori nati nEnEc. -nt (Equivalent) Additive (Equivalent) Solvent Exanple 22
Deoxp- Fl oor (4.0) Exanpl e 23 Deoxo- Fluor (4.0) DNLE Exanpl e DeoxoFl uor
(4.0) C11,0) Exanple )s Deoxo-Fluor 4.0) Tol uene Exanple 2 Deoxo- Fl uor
(1.2) 51-1FEt3N (4.0) CFICIt tM 27 Enexe-Fluor (1.2) 51.4114: 13N (4.0)

T-1F disclosed in Japanese Patent Laid-Open No. 2005-239617 (Patent Document 3) in
which all the intermediates are oily products.

[0098]

The prior art of directly fluorinating an amino alcohol with an unprotected

5  amino group includes a method using a hydrogen fluoride pyridine complex (J. Chem.
Res., 246, 1983.(Non-Patent Document 3)), a method using a sulfur tetrafluoride
derivative (WO 2006/13048 (Patent Document 7)), and a method using sulfur
tetrafluoride and liquid hydrogen fluoride (Journal of Organic Chemistry, (1979), 44(5),
771-777 (Non-Patent Document 4) and Journal of Organic Chemistry, (1975), 44(25),

10  3808-3809 (Non-Patent Document 5)).

[0099]

The method disclosed in J. Chem. Res., 246, 1983 (Non-Patent Document 3)
has problems in that, although the yield in the fluorination reaction is relatively
excellent, it takes several days to complete a reaction. In the preparation method of the

15  present invention, the reaction may be accelerated in the presence of water or a
hydrogen fluoride reaction source so that the reaction time can be shortened to 24 hours
or less. Further, the addition of the water or hydrogen fluoride source may reduce an
amount of a fluorinating agent used, thereby saving the costs.

[0100]

20 WO 2006/13048 (Patent Document 7) discloses that a sulfur tetrafluoride
derivative, DAST, is used to convert a benzyl-(2-hydroxy)-ethylamine derivative into a
benzyl 2-fluoroethylamine derivative, but the yield is as low as 17%.  On the other
hand, the fluorination is performed in good yield in the case of the preparation method
of the present invention.

25 [0101]

In the methods described in Journal of Organic Chemistry, (1979), 44(5), 771-
777 (Non-Patent Document 4) and Journal of Organic Chemistry, (1975), 44(25), 3808-
3809 (Non-Patent Document 5), a low-temperature reaction is required, and thus, the
optical purity is degraded due to the rearrangement of the fluorination position and the

30 racemization. In the case of the preparation method of the present invention, the low-
temperature condition is not required, and the rearrangement or racemization does not
occure, which make it possible to obtain a desired steric compound (2) or it’s

stereoisomer, or their salts
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Exanpl e 28 Deexo-Fluor 1.5) 51-1FEO (4.0) C110.2. Exanple 29 Deoxo- Huor
0.5) S5HEEEN (4.0) Toluene 22222 Exanple 30 Deoxo-fluor (1.4)

5HFEt N(4. 01 ToltleM Exanple 31 Ditexe-Fluor (1.4) 5HLF. Et3N (4.0) ACHE!
Exanpl e 32 Deoxo-Fluor (4.2) ISHHEttN (4.0) - (neat) [0123] (Exanple 32)
Tri et hyl am ne pentahydrofluoride (4 equival ents) was added dropwi se to (3
S, 4R) - 3- (cycl opr opyl ar ni nonet hyl ) - 4- hydr oxypyrrol i di ne obtained by the

nmet hod described in Reference Exanple while vigorously stirring under an
ice water-cooling condition, Thereafter, bis(2-nellioxyethyl)am nosulfur
trifluorggamMmeoxo-Fluor) (1.2 10equival ents) was added, followed by
stirring at an internal tenperature of -5 to 5C for 1 hour, and the

t enperature wall®en raised, followed by stirring at an internal

tenperature ofrplQ, 40, dQCentioffwill J3QKEGbeaRHH ReRedfté ERhAPEE Nt @ker ni ght  at
roomtenperature (Table 4). The reaction solution was subjected to

meas Gr ermrest Uwienigon isPOmThé (o bsed Bxanaples. | iBened G 4fapte 10. 15[ 0124]
Bcamp o 83 aPisg s e S R e S e e 1
Tabl e 5, (3Ro¥VE(cyclopeoytinvieoietha-4sbpttoagpyirolidingt t-cpbesylatthe reaction
?ﬁl -Llj-talb;)g-l)f rgch gr?deec ?c?l e;[rg use %%%{a?trirr?gn&gte%asqg Rgﬁelfecr:l]éé Eggfenplieeésnlg ts are listed
Examples, may also be produced according to a method described in WO 2007/102567
10  (Patent Document 4).
[0103]
(Reference Example)
Benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-
carboxylate
15 [Chem. 12]

o P
7

N

©/\vo

490 g (1.50 mol) of benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-

hydroxypyrrolidine-1-carboxylate hydrochloride was dissolved in 1.47 L of water, 245
g of sodium chloride was added, and 1.13 L of a 2 mol/L sodium hydroxide solution

20  was added at an internal temperature of 2.7 to 10°C under an ice water-cooling
condition, with stirring. The mixture was extracted with 2.45 L of ethyl acetate, an
organic layer was washed with 2.45 L of saturated saline, and 245 g of anhydrous
sodium sulfate was added, followed by stirring for 0.5 hours. Anhydrous sodium
sulfate was separated by filtration, a solid was then washed with 0.49 L of ethyl acetate,

25  and the filtrate and the washing were combined, and then concentrated under reduced
pressure to obtain 454 g of the title compound as a colorless oily product.

[0104]
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[0125] (Exanples 34 and 35) This reaction wa.s peril-tinmed in the sane
manner as in Exanple 2 using fluorinating agents, additives and sol vents
listed in Table 5. However, the solvent was wused at 20 nmultiples, The
reaction solution was subjec d to neasurenents using HPLC. The results
[0126] [Table Exanple 33 Exanple 34 Exanple 35 are listed in Table
Fl uori nati ng agent (Equi val ent) Deuxu-Fluor (1.2) Deoxo-Fluor (1.2)

sar 1 N 0. 0T ARIeH vt T ey &if Ol e 3800 F%E%l "W
12 20 2Q=1)0127]2 ¢Conpeariatrhy 8. Jexepldes J<4.6,0.8)15.4Hz), 3. 65(1H ddd, J=5.5,
8.4, 16.5Hz), 3.76-3.83(1H, m), 4.07(1H, dd, J=7.3, 14.7Hz), 5.09-5.16(2H, m), 7.28-
7.39(5H, m).
[0105]
HPLC relative purity: 98.2% (RT: 2.74 min) measurement wavelength: 210 nm,

N

column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx10
mm, mobile phase: diluted phosphoric acid (1—1000) (solution A), acetonitrile
(solution B), 0 to 10 min; linear gradient of solution A:solutin B = from 70:30 to 60:40,
10 10 to 20 min; linear gradient of solution A:solution B = from 60:40 to 5:95, 20 to 30
min; solution A:solution B=5:95, column temperature: 30°C, flow rate: 1.0 mL/min

[0106]

Meanwhile, in Examples and Comparative Examples, the “equivalents” of a
fluorinating agent and an additive were calculated based on the number of moles  of

15  benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate on
the assumption that benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-
1-carboxylate hydrochloride is converted into benzyl (3S,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate under the conditions
described in Reference Example.

20 [0107]

Further, in Examples and Comparative Example, the “multiple” means a
volume (mL) of a solvent used with respect to the weight (g) of benzyl (35,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate hydrochloride, which is
a starting material for benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-

25  hydroxypyrrolidine-1-carboxylate, and was calculated from the following equation.

[0108]

Multiple (v/w) = (Volume of solvent) (mL)/(benzyl (3S,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate hydrochloride used for
a reaction) (g)

30 [0109]

(Example 1)

Benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-

carboxylate obtained by the method described in Reference Example was dissolved in a

22



This reaction was perforned in the sane manner as in Exanple 1 using
fluorinating, agents and solvents listed in Table 6, The reaction. solution
was subjected 1.0to neasurenents using IIPLC. The results are listed in
Table 7. [0128] (Conparative Exanples 5 to 10) This reaction was
performed in the same mariner as in Exanple 2 using fluorinating agents,
additives and solvents listed in Table 6. The reaction solution 15was

Pu0L 501 o8 IERMETTRL SN0 1A olE S SRR S InIES o 7
Conpar aty¥eadded af shlif@shd] nlpdradat &1 -SHBENC, ERawpd By Istirrm@@ﬂ}il&nﬁémade
FCEI CI C. F2NEt 2 (4 CH3CN Exanple 2
temperature of -5 to 5°C for 1 hour, and the temperature was raised, followed by stirring
at an internal temperature of 10 to 20°C for 7 hours, and then left standing overnight at
5  room temperature (Table 1). The reaction solution was subjected to measurements
using HPLC. The results are listed in Table 7.
[0110]
(Example 2)
Benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-

10  carboxylate obtained by the method described in Reference Example was dissolved in a
solvent (acetonitrile, 6 multiples). Thereafter, an additive (triethylamine
pentahydrofluoride, 2 equivalents) was added at an internal temperature of -5 to 10°C,
followed by stirring at an internal temperature of -5 to 5°C for 0.5 hours. Then, a
fluorinating agent (Deoxo-Fluor) was added at an internal temperature of -5 to 5°C,

15  following by stirring at an internal temperature of -5 to 5°C for 1 hour, and the
temperature was then raised, followed by stirring at an internal temperature of 10 to
20°C for 7 hours, and then left standing overnight at room temperature (Table 1). The
reaction solution was subjected to measurements using HPLC. The results are listed in
Table 7.

20 [0111]

(Examples 3 to 7)
This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 1. The reaction solution was

subjected to measurements using HPLC. The results are listed in Table 7.

25 [0112]
[Table 1]

Fluorinating agent (Equivalent) | Additive (Equivalent) Solvent
Example 1 Deoxo-Fluor (4.0) - CH;3CN
Example 2 Deoxo-Fluor (4.0) SHF-Et3N (2.0) CH-:CN
Example 3 Deoxo-Fluor (1.2) SHF-Et;N (10.0) Toluene
Example 4 DAST (1.2) SHF-Et;N (10.0) Toluene
Example 5 DAST (1.2) SHF-Et:N (4.0) Toluene
Example 6 Morpho-DAST (1.2) SHF-Et3N (4.0) Toluene
Example 7 Deoxo-Fluor (1.2) SHF-Et;N (4.0) Toluene
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Conpar ati ve. 83. 101C P2NE. (2 (4.0) CH3CN .E.Kabit;n: Conmparative

(4.0)

CH3CN Exanpl e 4 Conparative CF: 1(CF2) 38. 02F (4.0)UBU (4.0)

CFI N Exanple 5 Conparative

10

15

20

25

[0113]

(Example 8)

Benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-
carboxylate obtained by the method described in Reference Example was dissolved in
acetonitrile (6 multiples). A proper amount of purified water was added to the solution
(moisture content before addition of purified water: 426 ppm) to adjust a moisture
content of the sample solution to 1,194 ppm. Meanwhile, a moisture value was
measured using a Karl Fischer method. The reaction was performed on the moisture-
containing sample solution in the same manner as in Example 1 (Table 2). The results
are listed in Table 8.

[0114]

(Example 9)

Benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-
carboxylate obtained by the method described in Reference Example was dissolved in
acetonitrile (6 multiples). A proper amount of purified water was added to the solution
(moisture content before addition of purified water: 426 ppm) to adjust a moisture
content of the sample solution to 7,358 ppm. Meanwhile, a moisture value was
measured using a Karl Fischer method. The reaction was performed on the moisture-
containing sample solution in the same manner as in Example 1 (Table 2).  The results
are listed in Table 8.

[0115]

(Examples 10 to 11)

This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 2. The reaction solution was

subjected to measurements using HPLC. The results are listed in Table 8.

[0116]
[Table 2]
Fluorinating agent Additive (Equivalent) Solvent
(Equivalent)
Example § Deoxo-Fluor (4.0) - CH,CN (1,194 ppm, H,0)
Example 9 Deoxo-Fluor (4.0) - CH,CN (7,358 ppm, H,0)
Example 10 Deoxo-Fluor (4.0) SHF-Et;N (1.0) CH3CN
Example 11 Deoxo-Fluor (1.4) HF-Pyridine (4.0) Toluene
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C173CHR1F21912t 2 (4.0)511IF. Et 3N (2.0) CH3CN Exanple 6 Conpar ati ve
rialcicri2NEl2 (4,0) 514174.i13N (2.0) C. 1-13CN Exanmple 7 Conparative
DPlI (4,0) 541.F, D3N (2.0) & 13C N + Exanple 8 Conparative CF2NEt 2
(10) SIIT,Et31'.1(2.0)

[0117]

(Examples 12 to 21)

This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 3. The reaction solution was

5  subjected to measurements using HPLC. The results are listed in Table 9.

[0118]
[Table 3]
Fluorinating agent (Equivalent) | Additive (Equivalent) Solvent
Example 12 Deoxo-Fluor (4.0) SHF-EtsN (2.0) CH;CN
Example 13 Deoxo-Fluor (1.5) SHF-Et:N (2.0) CH3;CN
Example 14 Deoxo-Fluor (1.2) SHF-Et;N (2.0) CH;CN
Example 15 Deoxo-Fluor (1.0) SHE-Et;N (2.0) CH;CN
Example 16 Deoxo-Fluor (1.0) SHF-Et;N (2.4) CH;CN
Example 17 Deoxo-Fluor (1.0) SHF-Et;3N (3.0) CH;CN
Example 18 Deoxo-Fluor (1.2) SHF-Et:N (4.0) CH1CN
Example 19 Deoxo-Fluor (1.5) SHE-Et;N (4.0) CH;CN
Example 20 Deoxo-Fluor (1.2) SHF-EtsN (3.4) CH1CN
Example 21 Deoxo-Fluor (1.2) SHF-Et;N (10.0) Toluene
[0119]
10 (Examples 22 to 25)

This reaction was performed in the same manner as in Example 1 using
fluorinating agents and solvents listed in Table 4. The reaction solution was subjected
to measurements using HPLC. The results are listed in Table 10.

[0120]

15 (Examples 26 to 29, 31)

This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 4. The reaction solution was
subjected to measurements using HPLC. The results are listed in Table 10.

[0121]

20 (Example 30)

This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 4. However, the solvent was
used at 12 multiples. The reaction solution was subjected to measurements using

HPLC. The results are listed in Table 10.
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15

20

[0123]

(Example 32)

Triethylamine pentahydrofluoride (4 equivalents) was added dropwise to
(3S,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine obtained by the method
described in Reference Example while vigorously stirring under an ice water-cooling
condition. Thereafter, bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor) (1.2
equivalents) was added, followed by stirring at an internal temperature of -5 to 5°C for
1 hour, and the temperature was then raised, followed by stirring at an internal
temperature of 10 to 20°C for 7 hours, and then left standing overnight at room
temperature (Table 4). The reaction solution was subjected to measurements using
HPLC. The results are listed in Table 10.

[0124]

(Example 33)

This reaction was performed in the same manner as in Example 2 using a
fluorinating agent, an additive and a solvent listed in Table 5. However, the solvent
was used at 12 multiples. The reaction solution was subjected to measurements using
HPLC. The results are listed in Table 11.

[0125]

(Examples 34 and 35)

This reaction was performed in the same manner as in Example 2 using

fluorinating agents, additives and solvents listed in Table 5. However, the solvent was
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[0136] The obtained isolation yields are listed n the colum of results.
this case, a purification nethod was perfornmed in the sane nmanner as in
Exanpl e 36, Further, the conditions of HPLC used are as follows. [0137]
(H. PLC neasurenent conditions) Colum: (IL Sciences Inc. Inertsil ODS-3,
4.6 innx150 mm Pre-colum: CL Sciences Inc. inertsil ODS-3, 4.0 mmx10 mm
Mobi | e phase: diluted phosphoric acid (1, 1000) (solution A, cetonitnie
(sol ution B) ient o | ution A n. B- from
50- 20 t g8 62 BT D reten dedrog Rttt ubRtleBR R Sl i on
from 65BBCt 0The Ses0lt?Oretldtedn Mable 1901 uti on A: sol uti onl-3-5: 95 Measur enent
wavel ength: 210 am Col um, tenperature: 30C Flow rate: 1.0 roL/mn
25Desi red prod@E%J around 11 n Here, the diluted phosphoric acid (1-.1000)
means tﬁngk jL of phosphorlc aC|d is dissolved in purlfled waf er for H TE,
and adjusted: ‘_‘ 1000 olﬂ 5‘% 38 [Tabte 7 Example 1 ul%)rllegtatl ng
agent (EqU|vaIent) DedX BT EMESr (4, O daitivePLC |( % MuHp
agent Equivalent) Solvent solvent
(Equivalent) (Eq S (viw)
Example 33 | Deoxo-Fluor (1.2) | SHF-Et:N (4.0) Toluene 12
Example 34 Deoxo-Fluor (1.2) | S5HF-EtsN (4.0) Toluene 20
Example 35 Deoxo-Fluor (1.4) | SHF-Et;N (4.0) Toluene 20
5
[0127]
(Comparative Examples 1 to 4)
This reaction was performed in the same manner as in Example 1 using
fluorinating agents and solvents listed in Table 6. The reaction solution was subjected
10  to measurements using HPLC. The results are listed in Table 7.
[0128]
(Comparative Examples 5 to 10)
This reaction was performed in the same manner as in Example 2 using
fluorinating agents, additives and solvents listed in Table 6.  The reaction solution
15  was subjected to measurements using HPLC. The results are listed in Table 7.
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48.5 nple 2 E Deoxo-Fluor (4.0)
5 Exanple 6 E.xarrm e Deoxo-Fluor (1.7).

Mor pl i oD. AST (1.2) Deoxo-Fluor (12)
(4.0) 5F1F-Et 3N

10

15

5HF, Et 3N (2, 0)

5EF- Fi t 3N (10, 0)

Exanple 3 Exanple 4 Vie
1)A ST (1.2) DA-ST (1.2)

51-1 FETi N 51 -1 FEt 3N

[0129]
[Table 6]
Fluorinating agent (Equivalent) | Additive (Equivalent) Solvent
C fi
(REIRENE CF,CHFCF,NEt, (4.0) . CH;CN
Example 1
C fi
RREEES FCHCICF,NEY, (4.0) - CH,CN
Example 2
C fi
SRREIEENE m-tolCF,NE, (4.0) - CH,CN
Example 3
C f
AERELEIES DFI (4.0) - CH,CN
Example 4
C fi
omparative CF5(CF,);SO5F (4.0) DBU (4.0) CH;CN
Example 5
C f
omparattve CF,CHFCF,NEt, (4.0) SHF-Et;N (2.0) CH;CN
Example 6
C ti
i FCHCICF,NEt, (4.0) SHF-EtN (2.0) CH;CN
Example 7
C fi
omparative DFI (4.0) SHF-Et;N (2.0) CH,CN
Example 8
C fi
omparative m-tol CF,NEt, (4.0) SHE-Et;N (2.0) CH:CN
Example 9
C fi
ormpatative p-ToISOSF (1.4) SHF-EN (4.0) CHCN
Example 10
[0130]

(Comparative Example 11)

This reaction was performed in the same manner as in Example 2 using Deoxo-

Fluor (1.2 equivalents) as the fluorinating agent, triethylamine trihydrofluoride (4.0

equivalents) as the additive and toluene as the solvent.

The reaction solution was

subjected to measurements using HPLC. The results are listed in Table 8.

[0131]

The results of Examples 1 to 35 and Comparative Examples 1 to 11 are listed in

Table 7 to Table 11.

[0132]

In Table 7 to Table 11, Conv. (%) means a reaction conversion rate, and the

area percentages (%) of a starting material and a product obtained from the HPLC

measurement were calculated from the following equation.

[0133]
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(4 0)

5t1F Et3Ni (4.0) Toluene TO E3efi e Tol uene Toluene 81.8 98.2 72.1

95.5 71.5 Conparative Exanple 1 Conparative Exanple 2 Conparative Exanple
3 Conparative Exanple 4 Conparative Exanple 5 Conparative Exanple 6
Conpar ati ve Exanple 7

10

15

20

25

Reaction conversion rate (%) = (Produced amount of desired product)/(Amount
of starting material consumed by reaction)x100 (%)

[0134]

In Table 7 to Table 11, HPLC (%) means an area percentage (%) of a desired
product on completion of the reaction, and was calculated from the following equation.

[0135]

Area percentage (%) of desired product = (Produced amount of desired
product)/(Peaks except for solvent peaks in total peaks observed by HPLC)x100

[0136]

The obtained isolation yields are listed in the column of results. In this case, a
purification method was performed in the same manner as in Example 36.  Further, the
conditions of HPLC used are as follows.

[0137]

(HPLC measurement conditions)

Column: GL Sciences Inc. Inertsil ODS-3, 4.6 mmx150 mm

Pre-column: GL Sciences Inc. Inertsil ODS-3, 4.0 mmx10 mm

Mobile phase: diluted phosphoric acid (1—1000) (solution A), acetonitrile
(solution B)

0 to 10 min; Linear gradient of solution A:solution B = from 80:20 to 65:35

10 to 20 min; Linear gradient of solution A:solution B = from 65:35 to 5:95

20 to 30 min; solution A:solution B=5:95

Measurement wavelength: 210 nm

Column temperature: 30°C

Flow rate: 1.0 mL/min

Desired product; around 11 min

Here, the diluted phosphoric acid (1—1000) means that 1 mL of phosphoric
acid is dissolved in purified water for HPLC, and adjusted to 1000 mL.
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Conpar ati ve Exanple 8 Conparative Exanple 9 Conparative Exanpl e,
C3- JFCE2NEt 2 (4.0) FCHCLCF2NEt2 (4.0) mtolCI2Nilit2 (4,0) DFl (4.0)
(2123(C02) 3802F 0.01 :: F3CHFCFNEt 2 (4,0) FCHCI CE2NEt2 (4.0) DF1 (4.0)
m4ol CE2NEt 2 (4.0) p-Tol SO2F (1,4) D 1.1 (4.0) SFIFEt3N (2.0) 514F. Elt 3N
(2.0) 511 FEt:IN

10 CF3

[0138]
[Table 7]
Fluorinating Additive Conv. | HPLC
agent (Equivalent) Solvent %) %) Result
(Equivalent) q i X
Example 1 DeOE‘fZ)F)l“Or . CH,CN | 71.8 48.5 44%
Deoxo-Fluor SHF-EtzN
Example 2 4.0) 2.0) CH;CN 77.8 30.7 -
Deoxo-Fluor SHF-EtsN
Example 3 (1.2) (10.0) Toluene 81.8 71.5
Example 4 DAST (1.2) SIEFOE(;;N Toluene 98.2 87.7 -
Example 5 DAST (1.2) SH(IZ-}S;BN Toluene 72.1 64.9 E
Morpho-DAST SHF-Et;N
Example 6 1.2) (4.0) Toluene 96.2 78.5
Deoxo-Fluor SHF-Et;N
. Sk2 -
Example 7 (1.2) (4.0) Toluene 95.5 5
Comparative | CF3CHFCF,;NEt, Comph.c RS
- CH3;CN - - reaction
Example 1 (4.0) .
mixture
Comparative | FCHCICF;NEt, Conplicaicd
- CH;CN - - reaction
Example 2 4.0) .
mixture
. Complicated
Comparative | m-tolCF,NEt, i CH4CN ) ) reaction
Example 3 4.0) .
mixture
Comparative Complicated
P DFI (4.0) - CH,CN - : reaction
Example 4 .
mixture
. Complicated
Comparative | CFy(CESOF | hpis g0y | cHen . ; reaction
Example 5 4.0) .
mixture
. Complicated
Comparative | CF3CHFCFNE, SHF-Et;N .
CHi:CN 28.4 15.8 reaction
Example 6 4.0) (2.0) .
mixture
Comparative | FCHCICE;NEt, |  SHF-EgN Gompligaicd
CH;CN - - reaction
Example 7 4.0) (2.0) .
mixture
. Complicated
Comparative | Hpy 4 o) SHEEEN oy o - - reaction
Example 8 (2.0) )
mixture
. Complicated
Comparative m-tolCF,NEt, SHF-Et;N .
CH,CN - B reaction
Example 9 (4.0) (2.0) .
mixture
. Complicated
Comparative SHF-Et;N .
Example 10 p-TolSO,F (1.4) (4.0) CH;CN - - ree.xctlon
mixture
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(2.0) S5HE.Et: (8l (2.0) 51IF-Et3F1 (4.0) CHCN CFLCN CI13CN Cl
CIFCN CIT,Clsl (2112.CN CI43CN Conplicated reaction m xture
reaction mxture Conplicated reaction m xture
agxlure Conplicated reaction m xture
Conpl i cated reaction

C. 1- 13CN

i nplicated
Conpl i cated reaction
Conmpl i cated reaction m xture

[0139]
As described in Comparative Examples 1 to 10 in Table 7, a variety of
fluorinating agents were examined. As a result, it was found that when the
5  fluorinating agent other than the sulfur tetrafluoride derivative was used, the desired
product was not obtained, and became a complicated reaction mixture. On the other
hand, it was found that the fluorination reaction proceeds when the sulfur tetrafluoride
derivative was used, as shown in Examples 1 to 7.
[0140]

10 [Table 8]

15

20

Fluzg:;ttmg Additive Solvent Conv. HPLC Result
i (V) 0,
(Equivalent) (Equivalent) (%) (%)
Example Deoxo-Fluor i CH,CN 718 485 44%
1 (4.0)
Example Deoxo-Fluor CH;CN 0
8 (4.0) . (1,194 ppm, H,0) 87 8.6 >3%
Example Deoxo-Fluor CH3CN
- 2 - 29
9 (4.0) (7,358 ppm, 1,0) | o
Example Deoxo-Fluor SHF-Et;N :
10 (4.0) (1.0) CH;CN 90 57%
Example Deoxo-Fluor HF-Pyridine
1 (1.4) (4.0) Toluene 80.7 314 -
Compa-
rative Deoxo-Fluor 3HF-Et;N
Example (1.2) (4.0) Toluene 13.1 6.7 -
12
[0141]

As described in Examples 8 to 11 in Table 8, it was found that when water
(Examples 8 and 9), or triethylamine pentahydrofluoride (Example 10) or a hydrogen
fluoride pyridine complex (Example 11) as the hydrogen fluoride source was added to
the reaction system, the fluorination reaction was accelerated, compared to Example 1
in which the water or hydrogen fluoride source was not added.

[0142]

On the other hand, as described in Comparative Example 12, triethylamine
trihydrofluoride did not show an effect of accelerating the fluorination reaction.

Unlike triethylamine pentahydrofluoride, triethylamine trihydrofluoride does not
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m xt ure

Exanples 1 to 10 in.
As a result,

Conmplicated reaction mxtuto Conplicated reaction m xture
Conplicated reaction m xture

[01

sul fur tetrafluoride derivative was used.

obt ai ned,
was found %hat t he f.luori
net r af | USI 02 2HEFTHUTYT ¢8°

OB EEs

reac

As described in Conparative
Table 7 variety of fluorinating ;nmerits were exam ned.
it was found that when the fluorinat.ing agent other than the

t he desired product was not

and becane a conplicated reaction m xture.

LB

SRS

On t he other
t he. sul fur

AR 0141] As

hand

it

descri betui Rvdxanfli@sd 8ot 10 shbwiad efebl f aBcelératinyirs ffuotingtidrh@bctivlhen wat er

(Exanples 8 and 9),

hydr ogen f1 uodf

or thethylum ne pentahydrofitioride (Exanple 10) or a

pyridi ne conpl ex (Exanple 11) as the hydrogen fluoride
source waspAdded to the reaction system the fluorination reaction was

i de
ative
f

in an
nd
ation

accel er@ted, conpared to Exanpk 1 inm which the water or hydrogen fluor
source was not addednatin®igd]| On Adkivet her hand, as @escr| biéd-G n| Conpar
Exanpl € 12, trie.thyl ann 20trkq¥droblu0riﬁﬁmﬂqd not, show an ef fE&tt o
| atina_thef {fyrva b [(Egdivalen Ll kot i ot KO mh it L
aCCe erul.llly I.II\.- IIUUII:I L'I’_UI !\,SIL;LIUII: Ut 1T \KC LIICLIIyI LA 1<
per dal | ygeahleuor| istexo-titbet. byl aini-men tirg)| i t yohi.ofdl uari de dpes -not| epat a
excessifve anmount| of hydrogen/ fluoride wth respect to trj|et hﬁl am ne, a4
t hus, apl§d 2 ddreerp-Haer (£.0) shl BN P ect Gf:CAccel et | ng 3PHe fluori
reactiang, [ Q431 dIabbGoIts) | s M0 LAt | NGCRGRNT | 784 38.6
Example 14 | Deoxo-Fluor (1.2) | 5HF-Et:N (2.0) CH3CN 80.5 47.7 B
Example 15 | Deoxo-Fluor (1.0) SHF-Et3N (2.0) CH;CN 89.7 51.7 75%
Example 16 | Deoxo-Fluor (1.0) | SHF-Et:N (2.4) CH3;CN 87.7 57.7
Example 17 | Deoxo-Fluor (1.0) | SHF-Et:N (3.0) CH;CN 88.1 74.8
Example 18 | Deoxo-Fluor (1.2) SHF-Et:N (4.0) CH;CN 95.7 81.2 -
Example 19 | Deoxo-Fluor (1.5) SHF-Et;N (4.0) CH;CN 94.9 69.8 -
Example 20 | Deoxo-Fluor (1.2) SHF-Et;N (3.4) CH;CN 95.3 70.9 -
Example 21 | Deoxo-Fluor (1.2) | SHF-Et;N (10.0) Toluene 81.8 71.5 -
5

10

15

[0144]
As described in Examples 12 to 21 in Table 9, the equivalence of the

triethylamine pentahydrofluoride added as a hydrogen fluoride source was examined.

As a result, it was found that the equivalence of the fluorinating agent could be

decreased to 1 to 1.5 equivalents by adding 2 equivalents or more of triethylamine

pentahydrofluoride.
[0145]
As described in Examples 17 to 21, it was also found that the HPLC relative

purity of a product was improved on completion of the fluorination reaction by using 3

equivalents or more of triethylamine pentahydrofluoride.
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Addi tive

Cony, HE IL: Sol vent Result (Equival ent) (Equivalent)
(%9 Exanple 10 Deo:go-Fluor (4,0) 511F-Etti.0) (211.3(7,19 on Exanpl e
12 Deoxo-Fluor (4.0) 511F-E131SlI (11) CE-13Cl51 77.8

[0146]
[Table 10]
Fluorinating agent Additive Conv. HPLC
Solvent Result
(Equivalent) (Equivalent) (%) (%)
Example 1 | Deoxo-Fluor (4.0) - CH;CN 71.8 48.5 44%
Example 7 | Deoxo-Fluor (1.2) | S5SHF-Et;N (4.0) Toluene 95.5 55.2 -
Example 18 | Deoxo-Fluor (1.2) | 5HF-Et;N (4.0) CH;CN 95.7 81.2 .
Example 22 | Deoxo-Fluor (4.0) - THF - - 34%
Example 23 | Deoxo-Fluor (4.0) - DME - - 39%
Example 24 | Deoxo-Fluor (4.0) - CH,Cl, - - 52%
Example 25 | Deoxo-Fluor (4.0) - Toluene - - 30%
Example 26 | Deoxo-Fluor (1.2) | SHF-EtzN (4.0) CHCl; 90.2 80.1 -
Example 27 | Deoxo-Fluor (1.2) SHF-Et;N (4.0) THF 89.2 58.8 -
Example 28 | Deoxo-Fluor (1.5) | SHF-Et:N (4.0) CHCl; 91 79.3 -
Example 29 | Deoxo-Fluor (1.5) SHF-Et;N (4.0) Toluene 93.5 90 -
Example 30 | Deoxo-Fluor (1.4) SHF-Et;N (4.0) Toluene 97.6 85.9 86%
Example 31 | Deoxo-Fluor (1.4) SHF Et;N (4.0) AcOEt 76.9 60.5 -
Example 32 | Deoxo-Fluor (1.2) SHF-Et;N (4.0) - (neat) 95.2 73.3 -
[0147]

10

As described in Examples 1, 7, 18 and 22 to 31 in Table 10, it was found that

the fluorination reaction can proceed in a variety of solvents such as acetonitrile,

tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), dichloromethane, chloroform,

toluene and ethyl acetate.
[0148]

As described in Example 32, it was found that the fluorination reaction can

proceed in the absence of the solvent.
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30,7 Exanple 13 Deoxo-Fluor (1,5) 5I-1F-Ettlsl (2.0)
14 Deoxo-Fluor (1.2) 51-1F11b,N (2.0) C113C19 80.547.7 Exanple 15
Peognr-Fluor (1.0) 51-1FEEN 89.7 75% Exanpl e 16 Deoxo-Fl uor (1.0)
S5RE-Et31-4 (2.4) MEN 87.7 57.7 Exanple 17 Deoxo-Fluor (1 .0)
51-1F-1513N (3.0) CI-EN 88.174.8

'78.4 38.6 Exanple

[0149]
[Table 11]
M| e | Y | Coe L |
. olven . %
(Equivalent) (Bquivalent) (v/w) (%) (%) |
Example | Deoxo-Fluor SHF-Et:N Toluene 6 95 5 559
7 (1.2) (4.0)
Example | Deoxo-Fluor SHF-Et;N Toluene 12 934 845 1%
33 (1.2) (4.0)
Example | Deoxo-Fluor | SHF-Et:N Toluene 20 95.8 84.9 74%
34 (1.2) (4.0)
Example | Deoxo-Fluor SHF-Et;N Toluene 20 98 823 84%
35 (1.4) (4.0)
[0150]

5 As described in Examples 33 to 35 in Table 11, it was found that the
fluorination reaction can proceed even when the solvent was used at 6 multiples or
more.

[0151]
(Example 36)
10 Benzyl (38,4S)-3-(cyclopropylaminomethyl)-4-fluoropyrrolidine-1-carboxylate
hydrochloride
[0152]
[Chem. 13]
FH\“/)
N «HCI
o
15
[0153]

454 g (equivalent to 1.50 mol, including a solvent) of benzyl (3S,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate was dissolved in 0.98 L
of acetonitrile, concentrated under reduced pressure, and dissolved again in 1.47 L of

20 acetonitrile. 1.11 L (6.02 mol) of bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-

Fluor) was added dropwise at an internal temperature of -25 to -5°C, followed by
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Exanpl e 18 DepxO7Flitor O .2 511F-Et3N (4.0) CHENA 95,7 81,2 Exanple 19
Deogo-Fluor 0 .51 511-1F-EEN (4.0) CH sCIN94.9 69.8 Exanple 20 DeoxoriF
her (1.2) 511F-1-/(i N C1-130N95,3 70.9 -anple 21 1)pn,to-Flgpr (1.2)

51- 1E-. EEN (10.0) Toluenei81.8 71.5 5 [0144] As described in Exanples 12
to 21 in Table 9, the equival ence of the triethylam ne pentahydrol |l uoride
added as a hydrogen fluoride source was exam ned.

stirring at an internal temperature of -10 to -5°C for 1 hour, and the temperature was
raised, followed by stirring at an internal temperature of 10 to 25°C for 2 hours, and
then left standing overnight at room temperature.

[0154]

5 The reaction solution was added to 12.3 L of ice water, and then adjusted to pH
9.5 by adding a 5 mol/L sodium hydroxide solution at an internal temperature of 0 to
10°C. The mixture was extracted with 12.3 L of ethyl acetate, washed with 4.90 L of
saturated saline, and 1.23 kg of anhydrous sodium sulfate was then added, followed by
stirring for 0.5 hours. Anhydrous magnesium sulfate was separated by filtration,

10  washed with 0.98 L of ethyl acetate, and the filtrate and the washing were combined,
and then concentrated under reduced pressure.

[0155]
The obtained residue (607 g, HPLC relative purity: 58%) was dissolved in 0.98
L of toluene, charged into 3.43 kg of NH silica gel filled with toluene, and eluted with

15 toluene to collect a fraction containing a desired product, which was then concentrated
under reduced pressure. The residue (370 g, HPLC relative purity: 77%) was
dissolved in 2.45 L of ethyl acetate, and 1.0 L. of hydrogen chloride/methanol was
added, followed by stirring at room temperature.

[0156]

20 After the crystallization, the mixture was stirred at room temperature for 0.5
hours, and 5.88 L of diisopropyl ether was added, followed by stirring at room
temperature for 0.5 hours, and then stirred at an internal temperature of 1 to 10°C for
0.5 hours. The precipitated solid was collected by filtration, and washed with 1.96 L
of a mixed solution of a diisopropyl ether:ethyl acetate (3:1) mixture. The solid was

25  dried at 60°C to obtain 275 g of a title compound as a white powder (yield: 56%).

[0157]

mp (hot plate method); 159-162°C (decomp.)

ESI-MS (positive) m/z: 293[M+ H-HCIJ"

Anal. Caled for C;sH2,CIFN,0,: C, 58.44; H, 6.74; N, 8.52. Found: C, 58.12;

30 H,6.68; N, 8.43.

[0158]
'H-NMR(CDCls, 400MHz)5: 0.78-0.92(2H, m), 1.16-1.34(2H, m), 2.49-
2.61(1H, m), 2.87-3.20(2H, m), 3.27(1H, dt, J=10.8, 23.5Hz), 3.34-3.41(1H, m),
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As a result, it was found that the equival ence of the fluorinating agent
could he :1.0decreased to / to 1.5 equivalents by adding 2 equival ents or
nore of trieth2,4am ne pentahydrofluoride. [0145] As described in Exanpl es
17 to 21, it was also found that the HPLC rel ative purity of a product was
i nproved on conpletion of the fluorination reaction by using 3
15equi val ents or nore of triethylam ne pentahydrofluoride. [0146] [Table

165 " Aghiage eSSl ) gSaL BT, GO il oPAEY 1oofffs 1o v
5.07-5.17(2H, m), 5.48(1H, ddt, J=2.9, 27.6, 52.7), 7.28-7.39(5H, m), 9.86(2H, br s).
[0159]
HPLC relative purity: 98.4%(RT: 11.39 min) measurement wavelength: 210

wn

nm, column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx10
mm, mobile phase: diluted phosphoric acid (1—1000) (solution A), acetonitrile
(solution B), 0 to 10 min; linear gradient of solution A:solution B = from 80:20 to
65:35, 10 to 20 min; linear gradient of solution A:solutionB = from 65:35 to 5:95, 20 to
30 min; solution A:solution B=5:95, column temperature: 30°C, flow rate: 1.0 mL/min
10 [0160]

(Example 37)

Benzyl (385,4S)-3-(cyclopropylaminomethyl)-4-fluoropyrrolidine-1-carboxylate

hydrochloride
[0161]
15 [Chem. 14]
sl
N *HCI
Al
[0162]

266 g (814 mmol) of benzyl (3S,4R)-3-(cyclopropylaminomethyl)-4-

20  hydroxypyrrolidine-1-carboxylate hydrochloride was dissolved in 0.80 L of water, and
0.61 L of a 2 mol/L sodium hydroxide solution was added at an internal temperature of -
5 to 10°C, followed by stirring and extracting twice with 2.66 L and 1.33 L of toluene.
Organic layers were combined, and washed with 0.80 L of a 10% sodium sulfate
solution, and 266 g of anhydrous magnesium sulfate was added, followed by stirring for

25 1 hour. The anhydrous magnesium sulfate was separated by filtration, and the solid
was washed with 0.80 L of toluene. The filtrate and the washing were combined, and
then concentrated under reduced pressure to obtain 245 g of benzyl (3S,4R)-3-
((cyclopropylamino)methyl)-4-hydroxypyrrolidine-1-carboxylate as a colorless oily
product.

30 [0163]

36



THF

DMVE altiEl2 Tol uene 30% 5HEE(IN (4.0) CHO 90.2 80.1

51-1F retiN 4,0) TFIF 89.2 58.8 51-1 FETN (4.0) CHEF: 91 79.3

10

15

20

25

30

The obtained compound was dissolved in 3.19 L of toluene, and 655 g (3.26
mol) of triethylamine pentahydrofluoride was added at an internal temperature of -5 to
10°C, followed by stirring at an internal temperature of -5 to 5°C for 0.5 hours. 210
mL (1.14 mol) of bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor) was added
to the mixture at an internal temperature of -5 to 5°C, followed by stirring at an internal
temperature of -5 to 5°C for 1 hour, and the temperature was then raised, followed by
stirring at an internal temperature of 10 to 20°C for 7 hours, , and then left standing
overnight at room temperature.

[0164]

The reaction solution was added to 6.65 L of ice water, and then adjusted to pH
2.5 by adding 0.53 L of 6 mol/L hydrochloric acid. The mixture was washed with 2.13
L of toluene, and adjusted to pH 9.8 by adding a 5 mol/L potassium hydroxide solution
to the aqueous layer at an internal temperature of 0 to 10°C.  The mixture was
extracted twice with 7.98 L and 3.99 L of toluene, and the organic layers were
combined, and then washed with 2.66 L of saturated saline, and 266 g of anhydrous
magnesium sulfate was added, followed by stirring for 0.5 hours. The anhydrous
magnesium sulfate was separated by filtration, washed with 1.25 L of toluene, and the
filtrate and the washing were combined, and then concentrated under reduced pressure.

[0165]

The obtained residue (265 g, HPLC relative purity: 91%) was dissolved in 0.53
L of toluene, charged into 798 g of NH silica gel filled with toluene, and eluted with
approximately 8 L of toluene, and the eluate was concentrated under reduced pressure.
The residue (HPLC relative purity: 95%) was dissolved in 1.33 L of ethyl acetate, 0.71
L of a hydrogen chloride/methanol solution was added at room temperature, followed
by heating, and 5.32 L of diisopropyl ether was added at an internal temperature of 35
to 45°C to form crystals, followed by stitring for 15 minutes at a temperature close to
the crystallization temperature. 2.66 L of diisopropyl ether was added, stirred for 0.5
hours, cooled, and then stirred at an internal temperature of 1 to 10°C for 0.5 hours.
The precipitated solid was collected by filtration, and washed with 2.66 L of diisopropyl
ether. The solid was dried under reduced pressure at 50°C to obtain 214 g of a title
compound as a white powder (yield: 80%).

[0166]

mp (hot plate method); 160-162°C (decomp.)
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51-1F tETIV (4,0) To 90 51-1FEFN (4.0) Toluene 97.6 85.9 86% 51- 1F, ETN
(4.0) Ac GtEt 76.9 60.5 514F. EE?N (4.0) (neat) 73.3 [ 0147]

described in Exanples 1, 7, 18 and 22 to 31 in Table 10,
the fluorination reaction can proceed in a variety of solvents such as

acetonitrile, tetrahydroforan c.rno, 1,2-dinethoxyetbane (DVE),
di chl oronet hane, chloroform toluene and ethyl acetate. [0148]

described in Exanple 32, it s fou at the fluorination reaction can
proceed in th@%ﬂ@@ﬁﬁ%ﬂ%‘fe)flr*{\é\%é{[%g&.{%ﬁlo1491 [Table I1j flrarnple 7

10

15

20

25

Anal. Calcd for C;¢H2,CIFN,0;: C, 58.44; H, 6.74; N, 8.52. Found: C, 58.18;
H, 6.67; N, 8.54.

[0167]

'"H-NMR(CDCl3, 400 MHz)$: 0.78-0.92(2H, m), 1.16-1.34(2H, m), 2.49-
2.61(1H, m), 2.87-3.20(2H, m), 3.27(1H, dt, J=10.8, 23.5Hz), 3.34-3.41(1H, m),
3.63(1H, ddt, J=3.6, 13.5, 40.6Hz), 3.72-3.90(1H, m), 3.96(1H, dd, J=8.8, 10.3Hz),
5.07-5.17(2H, m), 5.48(1H, ddt, J=2.9, 27.6, 52.7), 7.28-7.39(5H, m), 9.86(2H, br s).

[0168]

HPLC relative purity: 99.3% (RT: 11.11 min) measurement wavelength: 210
nm, column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx10
mm, mobile phase: diluted phosphoric acid (1—1000) (solution A), acetonitrile
(solution B), 0 to 10 min; linear gradient of soluion A:solution B = from 80:20 to 65:35,
10 to 20 min; linear gradient of solution A:solution B = from 65:35 to 5:95, 20 to 30
min; solution A:solution B=5:95, column temperature: 30°C, flow rate: 1.0 mL/min

[0169]

(Example 38)

(3R.,4S)-3-(cyclopropylaminomethyl)-4-fluoropyrrolidine dihydrochloride

[0170]

[Chem. 15]

N +2HCI

[0171]

213 g (0.648 mol) of benzyl (35,4S)-3-(cyclopropylaminomethyl)-4-
fluoropyrrolidine-1-carboxylate hydrochloride was added to a mixture solution of 533
mL of purified water and 533 mL of 35% hydrochloric acid, followed by stirring at an
internal temperature of 80 to 90°C for 2 hours. The reaction solution was washed
twice with 852 mL of ethyl acetate, and 10.7 g of activated carbon was added, followed

by stirring for 1.5 hours. The activated carbon was separated by filtration, and washed

38
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it was found that



. Exar upt e, 33 Exanple 34 Exanple Fluorinating agent (Equivalent)
Deoxo- Fluor (1.2) Deoxo-Fluor (L2) t)eoy.o.-Fluoi (1.21 Deoxo-II1luor
(1.4) Additive (Equivalent) 51.-1FEE3N (4.0 511F. Et AN 0. 01 5HF-Et: I N
(4.0) 5111.2.Et3N (4.0) Sol vent cauene ' Tol uene Tol uene Tol uene

Mul tiple of solvent 6 20 20 Cony. 93.4

with 852 mL of purified water. The filtrate and the washing were combined, and
concentrated under reduced pressure.

[0172]

639 mL of ethanol was added to the residue, followed by concentration under

5  reduced pressure, and 639 mL of ethanol was added again, followed by concentration

under reduced pressure. 639 mL of ethanol was added to the residue and heated, and
63.9 mL of purified water was added at an internal temperature of 65 to 75°C, followed
by dissolving. The residue was cooled, followed by stirring at an internal temperature
of 35 to 45°C for 30 minutes, and 639 mL of ethyl acetate was then added, followed by

10  stirring at an internal temperature of 35 to 45°C for 30 minutes. The residue was
cooled, followed by stirring at an internal temperature of 20°C or lower for 30 minutes.
The precipitated solid was collected by filtration, and washed with 639 mL of an ethyl
acetate-ethanol mixture solution (1:1). The solid was dried at 50°C under reduced
pressure to obtain 137 g of crude crystals as a white powder (91%).

15 [0173]

137 g of the obtained crude crystals was added to 410 mL of ethanol, and
heated, and 48 mL of purified water was added, followed by dissolving (internal
temperature of 78°C).  The crude crystals were cooled, followed by stirring at an
internal temperature of 35 to 45°C for 30 minutes, and 410 mL of ethyl acetate was

20  added, followed by stirring at an internal temperature of 35 to 45°C for 30 minutes.
The crude crystals were cooled, followed by stirring at an internal temperature of 10°C
or lower for 30 minutes. The precipitated crystals were collected by filtration, and
washed with 410 mL of an ethyl acetate-ethanol mixture solution (1:1). The crystals
were dried at 50°C under reduced pressure to obtain 130 g of a title compound as a

25  white powder (87%).

[0174]

mp (hot plate method); 206-208°C (decomp.)

[a]p**-19.7 (c 0.3, H0).

CI-MS (positive) m/z: 159[M+H]"

30 Anal. Caled for CgH7CLEN,: C, 41.57; H, 7.41; N, 12. 12. Found: C, 41.43; H,
7.45; N, 12.08.

[0175]
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95.8 98 }WEE (% 55.2 84.5 84.9 82.3 Result 81% 84% [0150] As described in
Exanples 33 to 35 in Table I 1, it was found that the fluorination reaction
can proceed even when the solvent was used at 6 nmultiples or nore, [0151]
(Exanpl e 36) Benzyl

(33,4S)-3-(cyel opropyl arni nonet hyl ) -4-11nori apyi rrolidi ne-1-carboxyl ate
hydr ochl oride [0152] [Chem 13] [01531 454 g (equivalent to 1.50 nol,

;/glcl)gglogsl gmsgg\ﬁmﬁsﬁggz%@@?ﬁopﬁ& rh8 2K, EQT%%%()}IOQ!(%{’V@% 2fPss0l ved in

0.98 L of, 9@@?4 %)I B'OB 181, tCPNGETHA) 2. W(IHnQ@rJ—Vle}lQ‘SHIz Beﬂ}illﬂedd gae 1di ssol ved
againin 1.4 20acetonitrile,

bi s( 2-t nk%. FﬁH%)yét‘*ﬁyﬁ%@hﬁ AOsHoRUH, 1dF11 Fl&ﬁorlll é&IZQ [5e‘3)9(§~57ﬁ|}ird?} "ethdded

dropw se,at an internal tenperature of-25 to -5DC, followed by stirring at
an internal tenperature of -10 to -5C. for 1 hour, and. the tenperature was
rai sed, follofetd/dly stirring at an internal terrperature of 10 to 2.3C for 2

The reacti on S G0N GG alted (o 127 pbaplPRE HIET B PR PR ust od

to pH 9, l%nbwoaﬂomm 1ﬂe5teﬂ?erat1ﬁeﬁ11mhmlﬁ@aﬁodeomimnﬁal@ne@temratmer nal
tenperat ure of to he m xture was extrac ai L of ethyl

acet at e, | %ghb%f‘t%gtrﬁeﬂ G/ mipfingheppgiagye s il helln Zémk o anhydr ous
sodi um sylif a8 & MBSrahlie: n25®dé el drb @l @We thiDY1 050 Infl Ih 39 afr Qfovspra% koons.

Anhydrous magnesium sul fate was separated by filtration, washed with 0.98 L
of etthyl mideinatrakeyntowheatef 23.0 ndt/mimnd t he washi ng were conbi ned, and then
concentrat ed Lt Pﬁf] reduced pressure. [0155] The obtai ned residue (607 g;
HPLC rel ative "purirty: 58% was dissolved in 0.98 L of toluene, charged into
3.43 kg of NH(Ekample 309! filled with toluene, and eluted with

(3R,4S)-3-(cyclopropylaminomethyl)-4-fluoropyrrolidine dihydrochloride
[0178]
15 [Chem. 16]

[0179]
2 mL of hydrochloric acid and 132 mg of a 10% palladium-carbon carrier

20  (containing 50% moisture) were added to a suspension solution of 1.32 g (4.00 mmol)
of benzyl (3S,4S)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate
hydrochloride in 9.2 mL of ethanol, followed by stirring at room temperature for 3
hours under a hydrogen atmosphere. The catalyst was separated by filtration, and
washed with 9.2 mL of ethanol, and the filtrate and the washing were combined,

25  followed by stirring at room temperature to precipitate crystals. After the
crystallization, 18.4 mL of ethyl acetate was added dropwise, followed by stirring at
room temperature for 5 hours. The precipitated crystals were collected by filtration,
washed with 4.6 mL of ethanol, and then dried at 60°C under reduced pressure to obtain
764 mg of a desired title compound (83%).

30 [0180]
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totoluene to collect a fraction containing a desired product, which was
then concentrated under reduced pressure. The residue (370 g, HPLC rel ative
purity: 77% was dissolved in 245 L of ethyl acetate, and 1,0 L of hydrogen
chl ori de/ met hanol was added, followed by stirring at roomtenperature,
[0156] 20After the crystallization, the m xture was stirred, at room
tenperature for 0,5 hours; and 5.88 L of dilsopropyl ether was added,

b i nternal T oo ERmEROD: pBPRRR HtahB), 0P "N et pitated solid
wag | Icgl0 | sgt ed lgﬁlmn(masocda, 4GOI v¥8s hedl-0v8 X(AH1m9.8).92-607 @ Hrined. 6§eld ll:llt ; gna?f
B0C 1 o DbDUH. SVpSgoaF & L Vbbb S h i H2p Sl R Er D 5eop

[ 0157 6 desenp.9)37ESh 9igo{are)or | nk:
293[|v]+ Jﬁ}ﬁ%ﬁgﬁ% a;AﬁsaSFHt hgd%gz({} gl?da&%% 2c1%0)2 C, dggﬁmp H, Es 721r N;

8.525 Found: C. 58.12; 3 OH, 6,68; N, 8.43. [0158] | HNVR(CDC13, 400M+z) 6:
0. 78-0. 92121- Iy gq) 1,16-1.34(2H, m, 2.49- 161(1H m, 2,87-3.20(2H m),
3.27(1.11, dt, 00240 8, 23.511z). 3.34'3.41(111, in). 3. 63(11-1,
d.dt,1=3. 6, 13ESm@e46Hz), 3.72-3.900H, r.3.96(111, d ,10.3. H),

T S e et I 6 Sl

wavel enghfirochlélide  colunm hnertsil ODS-3, 4.6 nm 130 nm pre-col um:
Inertsil ODS-3, 4.0 mmx10 nm nobile phase: diluted phosphoric acid (I
---19000) (soﬂg¥$ﬂn A), acetonitrilc (solution B), 0 to 10 min; |inear
gradi ent of Sﬂbﬁ&hoﬂ7A solution B = from80:20 to 65:35, 10 to 20 mn;,
linear gradient of solution A solutionB = from®65:35 to 5:95, 20 to 30 mm
solution A:solution B=5:95, colum tenperature: 30C flowrate: 1.0 numn

[ 01601 ( Exanpl e 37) Benz (3S,45)-3 ) (do-

pvl am nonet hyl ) - 4- flopropyrtol I ne-i-carboxyl ate hydrochl oride [01611

[ Cheri. 14] H
() Mo

N

o

[0183]
15 40.0 g (122 mmol) of benzyl (3R,4S)-3-(cyclopropylaminomethyl)-4-
hydroxypyrrolidine-1-carboxylate hydrochloride was dissolved in 120 mL of ice water,
20.0 g of sodium chloride was added, and a sodium hydroxide solution (using a total
amount obtained by dissolving 7.34 g of sodium hydroxide in 80 mL of purified water)
was added followed by stirring under an ice water-cooling condition.
20 [0184]
The mixture was extracted with 200 mL of ethyl acetate, the organic layer was
sequentially washed with 200 mL of 10% saline and 200 mL of saturated saline, and
30.0 g of anhydrous sodium sulfate was added, followed by stirring for 1.5 hours. The
anhydrous sodium sulfate was separated by filtration, the solid was washed with 0.49 L
25  of ethyl acetate, and the filtrate and the washing were then combined, and concentrated
under reduced pressure to obtain 36.8 g of benzyl (3R,4S5)-3-
((cyclopropylamino)methyl)-4-hydroxypyrrolidine-1-carboxylate as a colorless oily
product.
[0185]
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[0162 266 g (814 mmol) of benzyl (3,S,4R)-3-(cycl opro. pyl am nonet hyl) - 4-
20hydr oxyp. yrrolidi ne-|-carboxyl ate hydrochl ori de was di ssolved in 0.80
Tfl.. of water, and 0.61 L of a 2 nold, sodium hydroxi de sol uti on was added
at an internal tenperature of - .5 to 10C, followed by stirring and
ektra.cting twwce with 2.66 L and 1.33 L of toluene, Oganic |ayers were
conbi ned, and washed with 0,80 L of at 0% sodi um sulfate sol ution, and 266

g of anhydrous_ma neS| m sul f at foII sti.r for 251
hour. The anh éé"iaﬁﬁis@a m@inengj\ﬁgﬁs%f Fté?f’ ebﬁ:/o SEREs ‘i and the
solid vegduas Jh@Quy@ Eulfu BeBQisholved it pimane)fd‘ermrateaaéablﬁtraad The washi ng

wer e cornbi ne and then concentrated under reduced pressure ﬁ O(Pt ain 245
g of benmtul(eggsm))leg 87 mL (492 mmol) of bis(2-methoxyethyl)aminosulfur trifluoride

((cycl opgg GRX}) q{hr}él‘ 8)&1?‘33&%%&8?\8[}% dr %ﬂl@fﬁe{l(?%thﬁér e 99 Q@W@T@lo@\%da

colorles t'al ned conpound

di ssal veldy stnnﬁg h@amlnmrnalabmpmturanﬂ-léﬁé ifo@r Zmom@ndﬁhettﬁm@@ﬁwramaﬁe

pent ahydr u01 r an.int er nal npe r 10C,

fol | owed®!BY ysrtafsl‘e?i’?ﬁao‘g?d E}ﬁ S?W&raﬁail “{t%r% er RPEF guro H@&}f\s ?C,fof grd 585 5 hours.
210 nal fhe AActidd RJutjonofadrdsipd et bdxyﬁbélwbtea,mnﬂmﬂ}ﬂsfddrto i 9.5 bomildiag

(Deoxo- Fl uor) was addedtotg [q re at an |nternal ”Bﬂ)s?o re of -5to
5' C, foI‘ff%’M&H by Ly sqdign dydrgyideo W&af@hﬁ’é‘?r&?l}F@pﬁrlatur% T for 1
hour, ang.lbe tenperature was then raised, followed by stirring at an
internal tenperature of 10 to 20C for 7 hours" and. then left standing
overlfii ght at r[6b¥hlt enperature. [0164] The reaction solution was
added to 6.65 0.53 L
of 6 mon hydrod 8l 01%?1%e%§§trﬁsﬁ&ijwﬁtﬂﬁm%%Wag@&ggcg afe thé vﬁn g Jj\éltﬁgw ol uene,
and adj ust @diriited patir2, BncbyOOagldf mglydrcﬁlsrmdhhnmlﬂfawndmor@gjDf)mtd/ateslol ution to

t he aqueou t i rnal . erat ure of The xture was
ext r act eth’ %‘E’é dﬁﬁd%rfé% g aﬂrgmgg Ooﬁtemeffglﬁg% %H"‘Fﬁe %Aﬁl | ayers
wer e 15ceabidpashtediidfikinebn WasIReLhvd With226enll- o Déthgladcktadd, @td aalﬂmac and 266 ¢
of ; Anhydrous magnesi um sul fate was added, followed by stirring for 0.5

hourd. Thvel tha MAaRIEE SveRREITE SPI S| Thtgra8e RIS @B%Fr&feé&f@ﬁr ¢ T SHe: washed
with 1. 25, L 0kt kéégch% éﬁgg%)%g dﬁésl&ltvéélfx?toﬁféqe &Q%M'Z@g g‘t’)&faesﬂ%&nb' ned,

and | hen concentr at uce ressure tained residue
(265 g, &lRbBne(patduced prngfSHg‘ﬂ_%A @H@WCS%I@L &y, WH) Gllsd wihftolughaene,
chargedl NH, si | f|II ed with
appr oxi n%lfe‘fci's}teélyvlg]fto[ugpﬁ%%%OIiegﬁ% tlon a? 21 egclgéntcﬁ Qﬁuc&f\g C}Sn ér reduced
pressur etheﬂ'hendeﬁaatddandﬁlremedepirakume purl ty: 95% was dissolved in 1.33 L
of et hyI acet a[éf 0.71 of a hydrogen chloride/ met hanol solution was added
at omterrper %7] foll owed by heating, and 5.32 Li of diisopropyl ether

was added at the'r@ﬁ@ué"'@S 6%}”@@5 @by Rdah 288 nlI0oAd Ky ItRefafd, ALY SIS
nutes at a tenperature close to the

figl owed stirrin

crystal | 5%ahy|dmgen@hgmdatmﬁtban02 s@gtien atd 0 @bmf@mprepﬂeeﬁh%r%%é stirred
for 0.5 re t tyuye of 1 to
10C for g)?lllé hou?céarrl reatggg“c‘ﬁ%fﬁp %rtag%éso‘??% tgggrygﬂgp g{gtélgéhﬁﬂﬁgl{lﬁ%tl on, and
washed wvitirhedit 66orh tahpatiiusofor Ofyhows, hed 48T hd. siodiisdpuwasl dhcledamddeql reduced

ressure at 50C to obtain 214 | of atitle co und as
(yi oo o9 FORRTTHS Dot (1 rweh by B0 DR Tl B P g
|(4 pog |3 51 i v%) 10§(rjggr 0%%bg§4+ﬁ&¥ﬁédlplta%€tﬁ-&rystﬁh|v€die tollecGdRAREGHEN202: C, 58A4;
, oun

LI I - NVR(ergiad witho! 40 mEQfe: digopgpy! @b?rzqﬂlylﬁfetatf (iéanszﬂ(%?&uv% Theyg.

2.61(1H,

3 34( 3 41%1?2%%9?&38%%((?@0 ﬂo@btalg’ 2¥a§]é‘éparﬁlélly 121]%1 6112) 0%%4172_ %., QO(1H m,

3 96( 111, dd, [P1g]s, 10. 3Hz) 5 07-5.17(214, m), 5.480H, ddt,j--2.9, 27.6,
, [.28-7. 0 ive purity:
b (RT: 11. ﬁ%(n?t' {rﬂr’%)é@u‘??%srfae%ﬁ%y&‘/’a%i‘ g)"étﬂiﬂ S"j‘g@%}lwﬁi@g gibhdth! ve Purity

followed by heating and dissolving. 320 mL of diisopropyl ether was added to the

mixture, crystallized, and then stirred for 0.25 hours around an internal temperature of

50°C. 107 mL of diisopropyl ether was added to the mixture, stirred for 0.5 hours
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urn, colum: Inertsil ODS-3, 4,6 Mx150 nm pro-coin/inn: |lnmertsii ODS-3,
4.0 trirrix10 nm nobile phase: diluted phosphoric acid (1 -41000)
(solution A), acetc,oitrile (solution B), 0 to 10 mn; |inear gradient of
soluion Arsolution B -- from80:20 to 65:35, 10 to 20 mn, l|inear gradi ent
of solution. A:solution B== from65:35 to 5:95,20 to 30 1::mn; solution
A:solution B-5:95, colum terrperature 30C, flow rate: 1.0 mirnin [0169]

(Exanmple 3 8 cI |t| orQ yrrolidi ne

i hyar ochoBN HeiTaaapmpanis R8O YoR A PRI TRl LR Of onert Ty
(38, 48) - Mpeyatlhrepfgpyllam fees Ky - 4Fhe2pféélbuﬂe©pl;ylsra¢ﬁ wdieme}lécted:lay boxyl at e
hydr ochl gri de was ﬁ?ﬂg gamx ure solug%go%%ﬁ %1 urified water
and 533 ﬁ]rtﬂmo%afa@B%S PEEEP ork- of 2 desapromd rihsieldy hire &g ¢ )n‘Bl #€an i nternal
t enper at éHlﬁ’tl&f e tuiet %%afl%el% BRUTGE50 Hu% JHRAR t1|7@/r% §04 tifld ¥npamdwashed

twice with 8 m | hyl acetate, and 10.7 g o actlvated car bon was
added, fbghtdmswllgww‘\ﬁ’dﬁg(ﬁ%) 1.5 hours. The activated. carbon was
separ at ed by f tlon and washed wth 852 nL of purified water. The
filtrate and t Shl ng were conbi ned, and concentrated under reduced

pressure, 101}1211(hotp1ateme6139) i16ilf1630F (&icbampgl was added to the residue,

foll owed by c rati.on . unde ressure, and 639 nit, of ethanol
was added agai(gﬁﬁ\agl@mﬁ)wzc@ﬁ&ﬁﬁg@l n under reduced pressure. 639 nid
of et hanol was[opgh]ed to the reS| due and heat ed and 63.9 frit,. of purified
wat er was added an _internal gg)er ature to 75C foll oved by

di s$6l vi ng. ThE- NW@MW@%@&)@ 6% Qlazé%dnbﬁ &f‘rl P22 D8 244 i nt er nal
tenper at 9(2?{,){@53 8- %ﬁ%} 34T AUEES-63N4h. §ﬁ%% 5039508t yl acetate was

t hen added stirfing at an inteérnal nperature of 35 to 45C
for 30 m.fAdGléEs ddi@%é@lld{Zé, %5 o 0IBdn), SAIG et T5§4.81L 7k 28 h2@tl an, i nt er nal
t enper at for 30 mnutes. The precipitated solid was

col | ect eéldlégg%;bf% g ?Qfﬁ vvashed with 639 m. of an ethyl

acet at e- et hangp19t)xt ure soI ution (1:1). The solid was dried at 50C under

reduced press o obtain 137 e .cr tal S as a wder 919%) .
[01u 73] 157 9 ﬁpe[téhéel%tb‘teé%%’éﬂ 9@09%2{{& {é’?&rlg) SULTRRY VYaé{me]%t%n&O (91%
et hanol , caidn heak@HODANY A8 i« 00 M glfel-&ﬂ'uﬁﬁﬁtlﬁértéd@@D@dﬁeﬂ) ni‘nohloowed by

di ssolving (internal tenperature of . The crude crystal. s wer e cool ed,

f ol | owedmby nxbiilephagy: dilutas phmpépﬁawtiéhpﬁ@él@mseluapnée 1stansels or 30

m nut es. Bfiod Y. dnin 8 18R soREBh AL So1iffish BAgieds. fodh WOMES. Be311 111 NG al an

internal “tenperature of 3 or m nut'es. l'e crude crystals were

cool ed. , grhdiehovesd utipnst:solniiogBat fram 85n15ehorﬂé] 90, enjpematmmperapfre:1MCCor | ower

for 30 nut es h recipitated crystals were collected by filtration, and
ﬁé \T\%l?‘f‘fr%iol %/B‘e[dgl "n thyl acetate-ethanol mixture solution (1;1). The

crystal S vvere(gdrgzqd at 50C under reduced pressure to obtain 130 g of a

title conpound_as a 25white powder (87% . [0174] nip (hot plate nethod);

206- 208C (deedE¥pIyle[*1)02.. 19.7 (c 0.3, H20). C-Ms (positive) nth:

159[ 1\ 41-11] i@éﬁﬁ -3- (g?tl,l8&0{9ﬂ%n%ﬁ&ﬁ%%%roﬁrr&ih&&ﬁih‘jﬁro(?hléﬁde N 12. 12,
Found: C, 41. [81;93?

25 [Chem. 18]

[0194]
13.0 g (39.5 mmol) of benzyl (3R,4R)-3-(cyclopropylaminomethyl)-4-

30  hydroxypyrrolidine-1-carboxylate was added to a mixture solution of 32.5 mL of
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7.45; N, 12.08, [0175] 1H NVR(DNI SO dei, 400MHz):5: 0.69-0, 82(2H,
nfi, 0.92-1,05(21-1, m, 2.652,91(21-i, tn), 3,05(1H t, 1-11.711,2z),
3.14(11-1, dd, ]=7.2, 12.811z), 3.30(1H, dd, 12.7Hz), 3.43-3.55(2H, in),
3.62(111, dd, J=8.3, 11.5Hz), 5,40-5.57(1H, m, 9,86(414, hr 5), [0176]
CCrelative purity: 96.1% (.111a: 9.91 mn), colum: HP-1 Methyl Siloxanc,
0,53 narnx30 in, front inlet tenperature: 210C, split ratio: 10:1, initial

oven terrper ture: 100 at 10C/ i fin tenperature: 240C,
final til¥! @Wﬁ"r’ﬁl‘ andr%m%@?@iwérpe%@? 3?13@“0‘2%5 S g@é’é@?\ THEIER) 1 at e:
40. 0 nakﬂ%ﬁip@ratlﬁ’erofmi Qg 5@t fr 2400 MEIrBactidRKEBoH WAWcHAE® andBhdd | nfi rnin.
[0177] (Exanple 39 3R, 45) - 3- (cy%:rigio(gr opyl am no et

il)-4- flwemylrvrlth f@élml@wtmre 8] ¢ peaeitiateigprijopygadded, folloved 5 of
nyor ochl & L lﬁge{ﬂro%ﬂldtgﬁg%{a@@fe%r @s BhpahadiameEaon \ggsrsreb%ateg%gmt ai ni ng

50% noi s a suspension solution o O"mmol ) of
benzyil ﬁltratlon and washed with 52 mL of purlﬁed water. The filtrate and the washing were

(3S, 49 ropyl am nci met h - 4- bydr oxypyrrol i di ne-1-carboxyl ate
hydr ochl‘Eﬂ’TgtE}é Arﬁ% gla%gug‘ﬁ?{éﬁ%‘gceg%‘%lf%ﬁed by stirring at room

tenperattire foros3 hours under a hydrogen at rmsphere The catal yst was
separated by flltratlon and washed with 9, of ethanql, and the

filtrate and t3Henhas ﬁihﬁgo Werserddein the desidusy foé\%@d@y CQP?WIiaH@n 4% oom
t enper at féﬁﬁcéd}r@sfsﬁfé Rid 86 gchéfyéﬁﬁlo? Waé]:l(ﬁd%'a athﬁ"l £106ealtlyl eatdr@Rtiod 8. 4 n-if,

of ethyl acetate was added dropw se, stirring at room
t enpér at wrder fadnl0€d M@&susc ﬂ?anbrédulp@mapﬁ@ﬂ@r 9134 b s lnel dhall Wt widlepy

filtrat d
reducod BPRebETE RS b e oA d hE b h QR il bR St B ™ T o180y
i nt o (hokoyps.at Ehenmetibdod wvas 204e 261 \etelepstring at an interndl-tdmpidhRWADISDCi t s,
4001' 41446: O. 0,82(2H,.2.91(214, 06 711 3.13(11!,
dd, 12. gaulpyver g’rzlss 130‘%%( ohhe Pl‘ef(q'}’ltatéd g%@%islweréd"’ﬁ%“%d g)’ %ﬂﬁ gk id (

0. 92- 1. Ofhehtd with 39 B &Fa &%o&%ﬁb ethe?r e'iﬁle(nbj-{mxtdfb sbltfon(2:13377he G/é( 1H m,
9.80(411, hr [0181] (Exa

(31,18, 4R)r¥$a](SOWF épf:(bpt;/:"rwszrtpr@btmsﬁwg gf caudel i dpgs ¢ lBhidrewRIPSMde [ 0182]
[Chem 17] idip F%é [0183] 40.0 gmol) of henzyl

(3R, 46!)-3-(cyc ropyl atnitiornethyl)-4- hydroxypyrrolidine-I|-carboxylate
hydrochl ori de 48asL dif s8eheledas alde@ @ #rit0 gfofitlreobizinet Cruﬂa cysglofmdddiedm

hi d odj hyd d I
obt ai ned By PELSLRI B, 9o g BrUaLal Ghhg R Bttt ol U AR, T C

wat er) was, cﬁdﬁﬁﬁe& Wak@MBkatéy th?etdobhhgl gndmt;l@uallﬁmm@hmatyan}lxzamﬂ strts at
condition., 20[0 tﬁmxture was af[ gted with 200 m., of
et hyl? ac&t ’é’ﬁf‘énaltt?fépﬁﬁﬁ%"n?f:‘q *Lyehe XU Wt dRTed I‘)T;T/1 RHEYANG t h 200 nth of

10% sal i g RRfEQMsk A (1R crpRiiNrAlRdepbraRe, a8l ¢hen stirred at an internal
temperature of 38 to 45°C for 30 minutes, and 42 mL of ethyl acetate was added,
followed by stirring at an internal temperature of 45 to 50°C for 0.5 hours. The
crystals were cooled, followed by stirring at an internal temperature of 20°C or lower

25  for 0.5 hours. The precipitated crystals were collected by filtration, and washed with
26 mL of an ethyl acetate-ethanol mixture solution (1:1). The wet crystals were dried
at 50°C to obtain 7.85 g of a title compound as a light brown prism (86%).
[0197]
mp(hot plate method); 206-207°C(decomp.)
30 [o]p>+ 21.7(c 0.3, H,0).
[0198]
'H-NMR(DMSO-dg, 400MHz)3: 0.68-0.82(2H, m), 0.92-1.06(2H, m), 2.65-
2.91(2H, m), 3.06(1H, t, J=11.7Hz), 3.13(1H, dd, J=7.2, 12.8Hz), 3.30(1H, dd, J=6.1,
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30.0 g of anhydrous sodium sul fate was added, followed by stirring for 1.5
hours. The anhydrous sodi um sulfate was separated by filtration, the solid
was washed with 0.49 L of ethyl acetate, and the filtrate and the washi ng;
were then conbi ned, and concentrated under reduced pressure to obtain 36.8
g of benzyl (3R 48)-3-

((sycl opropyl ai ni no) ni etl ay0- 4- hydr oxypyrrolidi nc-1-cat boxyl ate as a

50,0 101 L 107 MAEk GhF OPIEE Tb rfdeHi k& el eBISRAT s eSash 63 Ol ¢ hen
di ssol ved 9ig1(4R2&bripl |, of dehydrated acetonitrite. The m Xture was cool ed,

87 nil, (492 nirrigﬁ of bi s(2-nethoxyethyparninostilfur trifluoride
(Deoxo-fl uor) wd 98dded dropviise at an internal tenperature of -27 to 4C,

foll owed by sligtip@hat nakk/ 6 8¢ e - ot - hour,
and the tenper aturre v{/aspgli?tgm?%/gﬂﬁge&?r@gﬁ@%\%?n%{i%filrl\?ftﬁg %f&(é%el,i nt er nal
t enperat uPe3ohma (@ tro, 2&C. inlebrenperiays: 21RE, seidctticonOgdoinitidlavemas added to

1.0 L of | I j ust ed H %5 addi ng f.a 5 non
sodi um hy s ae 00 SEMAELRT PR rpL R PE AFE Bellup: B,

[ 0186] front defdreomienipanairye 08K} hakded Wivt futd: 40.mdimel Bylfloaceteat e, and
washed wit 0Q int, of sgturated _sal|jne, and 100 g of anhydrous sodi um
sul fate aﬁ@o'%‘%ﬁmﬁn’d?&?@?i Xf@éFzgéroﬂBL}}Q@re added, followed by stirring at
room tenperatur@2f@r 2 hours. The solid was separated by filtration, and

washed with 120 i, of ethyl acetate, and the filtrate and the washing were
t hen Ibnbi ned i Atkpughdhe pisgend dricaner htsdpendeawsribed dudaall pitbgsfgreace The

obt ai ned i o) ; | SSO i, L0l : i X g of a
i1 ca gel Tonf aanteedsoh el SR R VS ot e i
t ol uene, ambicltehptsedaybt matiemitnet dapactoiglfect the shiréehid sooorfttiad pricpapt a desi red
product, which was ,then.copcentr.ated .under, reduced pressure. [0187

e resi alide’s Myt EoECHy BaRin i BG4 s Ge s PHoR obauB (Pl a9

m ., of aApptidyidnogenochooréais/ et hanahasd, abi®@rhamdcd2Qe BT Whicafis

dii soprop%/l et her were add?d, followed by. stirring at roomtenperature.

Af t ert Xt helepipetated hergipiyrelerenee i s ghlEelWas stirred at room tenperature for
0.5 hours, and 480 nit, of diisepropyl ether was added, stirred at room
tenperature for 0,5 hours, and then stirred at an internal tenperature or 1
to 10C. fdugrisl Applicsbilithe precipitated crystals were coll ected by
filtration, ango hed with 160 nmt of a dil sopropyl ether:ethyl acetate
(3:1) mxture solution, The crystals were dried at. 60C to obtain 21.4 g of
a partially purlitkipeeseni inlventonp an itbxpé3h&8ind industriallyZitéantageoudetiddanol was
added to 21.4 g.of rtiall uri.fied odyct, followed by heating and
di ssé1vi né.r P{:fé’gnﬂ%(%?ﬁﬁfgé %é?ﬁépHEQmﬁgﬁﬁ ‘é‘HOPHr?lffgnWrxlfﬁr e,

crystal | i @ediio@dnd of e @itk Whath da8beOn2HchARitige %qusamxgg dp}{hfrﬁ'é&%lticals._
tenperature of 50C. 107 m, of diisopropyl ether was added to the m xture,

stirred foRe pessohgyeRtionsosaldl dnthahit esmaioduesripandedisgiadly Buatageovs ed, and
then stirpgehedt @AvAR S Mal3. - 0,0C for 0.5 hours, The
precipitated cryst Xu S M@%Bcég??igg{@gp%ﬂ;m?ﬁeﬁlﬂi?on, and washed with 85
trilL, of Buappyopidomhquatdiersstippkylacetidivehi¢Riskpfaysivwr motealautibarerialhe wet

crystal s ' 0 obtain .17..7.a of a.title conpound as |ight

r edd%gh y%ﬁ{lgzvg%%\%%ggi %bé%fé.c(%faf%séﬁta APTHEE OB R YA 48 P2485E ( decom
EST- M5 ( pashtsihas)ly silaw t1293ffMet4- 1a] [ 0190] 1J1- NMR(CDC13, 400MHz) 8:
0.65-0,82(21-1,0.84-1.02(211, m, 2.63- 2,92(2H, m, 3.05-3.22(2H, m,
3.28(111, dd, 12.511z), 3.50-3.75(2H, in), 3.79(111, dd, 19.11-1z),
5.05-5.05(211, m, 536(1H, d, J-54.8), 7.28-7,42(511, m, 9.32(1H, br s),
9.49(114, hr s). [0191] HPLC relative purity: 98. 7% (RI' 16 2 T. esurenent
wavel engt h: 210 am colum; Inertsil ODS-3, 4.6 mnx 150 mm pre-colum:
Inerisit ODS-3, 4.0 m nx:0 nobile phase: diluted phosphoric acid (1-*1000)
(solution A), acetonitrile (solution B), O min to 10 initi; solution

A:sol ution B=85:15, 10 to 40 mn; linear gradient of solution A solution B
- from85:15 to 10:90, colum tenperature: 30C, flowrate! 1 O numn [01921
(Exanpl e 41)
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(38, 4R) - 3-(eyel opropyl aorm t hyl )4-fl uoropyrrolidine dihydrochl oride [01931
2 5[ Chem 181 H N'. [0194] 13.0 g (39.5 mmol) of henzyl
(31-1.4R) - 3-(cycl opropyl am nonet hyl) - 4- 30hydr oxypyrrolidi ne-i-carboxyl aie
was added to a m xture solution of 32.5 m1., of purified water and 32.5
nit of 35% hydrochloric acid, followed by Stilling at an internal
tenperature of 75 to 85C. for 2 hours, The reaction solution was cool ed,
and then washed with 65 m ., of ethyl f;\cet ate, and 0.65 g of activated
carbon was added, followed by stirri ngaéfflsroomtenperature for 0,5 hours.
The activated carbon was separated by filtration, and washed with 52 m, of
purified water, The filtrate and the washi ng were conbi ned, and

concent r atlethfirder r et iRBERPDI08 BERRENE p 0qBqUnd representesigbypthe follovgpganol was
added to i , o i . reduced pressure, and
39 m. of %ﬁﬁgﬁ%fﬂﬁézggﬂdleg@%&%&?@ﬁﬁgﬁﬁfsbﬁ%}%trati on under nduced,
pressube.. 39 niflupfinalionsstqyr dpliorieptieg a amgd2ayrm-(Nofulstihdadl ) vere added
dropwi se tq. i foll LI .intern e ature of
S50 tor -0 SRR YN RS b b Bims P SRR bk TS &,

i nternal terpanmmoehatofABTar sulowentraflaoride &erhativs. The preci pitated
crystals were c&hlectid by filtration, and washed with 39 nal, of a

di i sopropyi eth €B-Hanol " mi xture sol ution (2:1). The wet crystals were
dried at 50C to obtain 8.40 g of crude crystals as a light brown prism

[01961 4oL of eﬁlhanol was added to 8.40 g of the obtained crude
crystals arid hedf arid’ the crude crystals dissolved around an internal
tenperature of 70 aadi 4.2 m. of purified water. After the cooling

and crystallizatior?_'(the crystallization starts at an internal tenperature
of 431C.), the mixti¥re was stirred for 10 ninutes at a ten .perature close

to the crystallj j K - St J n
tenperature of Bb ror qBEEPEPRLhRaRld ot R IO 0 e Al BREETAM o e
added, f olRhasmeebebtis astl ta Chgliad ganmpiwitier may bt enfpeinatdjoe adi3 48°& o 50C for 0.5

hours. Th ryst.al s were,cooled, .fol d by stirring at an internal

t enper at u?%&%%i%él(ﬁﬁo%gWﬁjbc\%erflaxg?sw.sgtuk%ﬁss. The precipitated crystals were
col | ected by fi[Cheat 2pn, and washed with 26 m .. of an ethyl

acet at e-ethanol m xture solution (1:1). The wet crystals were dried at 50C
to obtain 7.85 g of a title compound as a. light brown prism (86% . [0197]
trip(hot plate t h;R1206- 207C(deconp.) 30[a]023-1 21.7(c 0,3, HO0).

[ 0198] H Eti-1\11", 1R(D. M5O C15, 400MHz)5; 0.68-0.82(2H,
) 0.92-1.06(21-Ix"n), 2.@5- 2.91(2.1-h nn). 3.0601-1, t, J=11.7i1z),
3.13(11-1, dd, 12.841z), 3.30111-1, dd, 12.7Hz), 3.42-3.59(21 m),
3.62(11-1, di, 1=8.2, 11.41 ﬁ 5.49(11-1, dt,53.611z), 9,81(4H hr s).
[01991 [Brthedpapilad2)p BA topresass agsqirtive BoWIonthe)amise Eumn; andp- |

Met hyl  Si : ' [ - ' BADET. ' 0C, split
ratio: 10&12?‘&3?%%'85'5@105};%6 thg(%ggrroghﬁﬂéa%%@g %ﬁﬂbesgltl ng 0?%?(;%01 "Urnin, final
t enper at urgslo@d@rodn whichtrayebe Sibstiutefdrlont det ect or tenperature: 250C,

hydr n flowrate: 40,0 nUmn, air flowrate: 400.0 nmimn, makeup fl ow
rate:”25.0 tut/Main, [02001 10Although the present invention has been
descri bed[Glainge} ai | Wiht préd®icabe Arehddncesdingi 16 cRMPOd i Sombiisihg, ARpar ent
to those kidle,d iin the art that various nodifications and changes may be
made wi t hBGt9EHaReN HEPf rom the spirit in scope of the present invention.

Meanwhi | e, thi # j I i on (Patent
Aopl i Cat i bn I\b,sadggm%l dng"%txd btsnRagedr 9@0&@9@@%&6@@1&@&53{ ﬁ%@gh&%f (

04) 02665) filed on January 8, 2010, I scl osure of
whi ch is foawolpdy at edalherai enapjiomef beenEeniin its entirety. Industri al

Appl igability 1R burifying the salt,

wherein the salt of the compound represented by the general formula (2) or the

salt of the enantiomer is produced at an HPLC relative purity of 98% or more.
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The present invention is an inexpensive and industrially advantageous

nmet hod 20f or preparing (3R, 4S)-3-1cycl opropyl

ansi nenet hyl ) 44f i noropyruolidine or it's enantionies, or their salts which
can be an internediate for produci ng pharmaceuticals. The present invention
is useful in that it can produce in an industrially advantageous manner a
derivative of 7-(3-(eyetopropyl arninoniethyl)-4-

fi noropyrralidinyl)quinol.o arboxylic acid, which is safe hows pot ent
ant i bact er[ﬂﬁfmigact i %W{@Hgg%ﬂ’r%a%%a %ﬂwwgé?prwnlf%shys %\Fﬂlfoﬁvé‘&% eria on
whi ch conyemdraldbahulan? ) dact efidngibragentieinartdl wneheiMgthe) 1 aef igets, O ai s

[Caim1] A nethod for ﬁ)r epar.ing a conpound represented by the MI ow ng
general formul &) Derilyqringtighaap oo Aeipiningra ¢qepqung aFRIssenesprivei ng:

a fluori ngliRfng LeRA ofhHRTHNALP PehAtidfhey IF g?%r's%ﬂ%]hlfe?éb[?%g'ﬂuldhﬁgin

am nonet hyppyrrol’idi ne derivdtive represented by the Tollow ng geﬁer al
fonnu®d ofhegirigptaye dichhetoxhdr(@efubgsiuteg amisuhéthyl)petelatinamepicdenteleby vat i ve

[ Chem . (A)". PG represents r ot ect.i ve oup for the
ani noup Rf}%&Sgé‘g?é%% g&gf %%nﬁ%ao&%:%r %i RYRGL erv%?% n%ﬁ&%%‘ tgtﬂ%é’tof‘ﬁﬁt ed, or
a CS to CBerewatikieadrklyl group Which nay be substitettedi [Chem 2]

In the formul a .~ PG represents rotective group for the am no group,

and R repr esen@ﬁgpa?)él ePHR%%I%ISWIO%@BHHﬁn%F%WP lﬁeres%e{]w ed, or a CS
to CS cyckamhkig g€ieed Boihlils [B)BRYr Penastbstl, bR shits 6 abprbRtdhenmpr oduct i on

met hod according to claim1 further conprising, after the fluorination

step:l0  Profechyérypa the patincosronr af the somapendiepeesedapbuiiy foBprisgent ed by
the gener gl @iiulita (Blor e SaliBbiheoheRBr BOALY AR HBEHRANA AR]. 25 urt her

purifying the salt, ereint e compoun present ed by
the general for[fhkm. 8R) or the salt of die enantiomer is produced at an
iiPties relative purity of 98% or nore, [Claim3]A nethod for preparing a
conpound repr es’t%lt ed by the follow ng general formula (3) or it's

enanti omer, ?{sgl"! s, conprising step | and step 2;
N T

PG
15 [In the formula (1), PG represents a protective group for the amino group, and
R| represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.]
[Chem. 4]

20 PG
[In the formula (2), PG represents a protective group for the amino group, and
R represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.]
[Chem. 5]
25

N - ®

[In the formula (3), R, represents a C1 to C6 alkyl group which may be
substituted, or a C3 to C8 cycloalkyl group which may be substituted. ]
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(Step 1) a fluorination step of obtaining a conmpound represented by the
fallow ng general formula (2) or it's enu-16011ler, or their Sails thereof
by fluorinating the derivative of 4-hydroxy-3-(N substituted

am nonet hyl | pyrrolidine represented by the foll owi ng general rbrmula (1) or
an eaantioner thereof using a sulfur tetrathiciricie derivative; and

(Step 2) a deprotection step of obtaining a conpound represented by the
foll owi ng general fonnula (3) or it's enantioner, or their salts by
deprotecling the 1.0protective group on the am no group of the conpound
represent ediahy 41 he t bik@bN@tiGARERI deedr@ifodo GAY o of h&nRNARLI, GMRfeid her eof
or a salt thereof obtained in step 1. [Chem 3] 15Fin the fornmula (1), PG
r epr esent §ater gf dheéiogge flypradgsousie it Rededrin fee YraingtioadPR represents a C
to CU al kyl group which may be substituted, or a C3 to CS cycl oal kyl group
whi ch may be substituted.] [Chem 4] 20 (2) [In the fornula (2),
PG r epr es@lasn 4] pr ot ddeipvelugtioumeflod achedagitnengone & claieprlemehtvdiceeilCl to C6

al kyl group i.ch . be substi.tu . Qr C3 to cycl oal . gr whi ch
may” be s St ¥ @RaRv AR it fRdin e SieghSuciee A R edlioRBlBR 4l ho o
any one ofyagk ai ipdrbgdoflGoridéh®neien water or a hydrogen fluoride source is
added in the fluorination step, [C aim5]The production nethod according to
any one of claims I to 4, wherein a sulfur tenatluotide derivative is added
in the floopiRgli on heR@uk8bn kRE0AGEEIHRR 19T14Ae Wal QheRin thedr 0gen
fluoride source, [C aim6]The production nmethod according to claim4 or 5,
wher €ith t hedrpgalr Bepilefsoureiite hsgagorelliaide hydinsgempleuera disthyjanide ne
conplex o i m ne pent ahydrol | uoride. C ai nThe production nethod
accordi ngbff‘lgalé{qb&%{r%!dgf clainms 4 to 6 wherein the hydrogen fluoride source
is the triethylam ne pentahydrcifluoride, [C aim8]The production nethod

according to. a one.of clains | to 7, erein the hydr.ogen fluoride source
e Used SiCBraal var e erosicligh weliR vl et St Ofer QAR to 6, WHerdis

hydr OXY'3t}{eﬂi?raﬂig%ﬁﬂthi@@lscﬁm:d’li@lﬂﬁéﬂﬂﬁéﬂiyﬂﬁiﬁih@bbﬂhﬁb&ir@lﬂtﬁdrkﬁt|Ve represented by
the general fornmula (1) or the ern-intinmlter thereof in the fluorination
step.1J d ai m 9] The production nmethod according to any one of claims 1 to 8,

"herein t ogen i i . i e wth
oetr | LB, 00 USSR, ERIGR ot Bl epalent, ot

deri vat i vihehggrogse fluetddbsourtreis gegrbatall equoramantaormyreorith tespesh tmthe dr ner

t hereof | | hhnat | st ep, al 0], The..producti o t hod
accordi ngﬂ¥&5&§'ﬁ§f@ﬁ@b(sﬁ&&cﬁ%gﬁmﬁgo%etthgsjgyrr(\)r/\?hdérrl%ghﬁ“@a 1§e Sl ?Sﬁrrlte é’ mr%}éef | uori de
deri vat i vgenesal borsti2a (Btonoixyeiahydaeai theeul fnuthe fliubfihatonist. ( DeoxoFl uor) .

[ ailz(rﬂ I'I'l The production nethod according to any one of clainms |I. to 10,
" whe n.

[Claim 9] The production method according to any one of claims 1 to 8, wherein

the hydrogen fluoride source is used at 4 equivalents or more with respect to the 4-
hydroxy-3-(N-substituted aminomethyl)pyrrolidine derivative represented by the

general formula (1) or the enantiomer thereof in the fluorination step.

25
[Claim 10] The production method according to any one of claims 1 to 9, wherein
the sulfur tetrafluoride derivative is bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-
Fluor).

30 [Claim 11] The production method according to any one of claims 1 to 10, wherein

the protective group for the amino group represented by PG is an alkoxycarbonyl group

or an aralkoxycarbonyl group.
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the protective group fox the am no group represented by PGis an
al koxyear bonyl group or an aral koxycarbonyl group, [Caim12]The
production nmethod according to claim 11, wherein the protective group for
the ami no group represented by PG is a benzyl oxycarbonyl group. [Clain
13]. 1. he production nethod according to any one of clains 1 to 12, wherein
Rl is a cycl opropyi group [ A ai m 14] The production method according to
arty one t g t.he. am no
ar oup. 1 opreLEnigh” by R QRS B Rl 0 RRY e B2
cycl opr opgougriouihe a[rd]lmgmuan@pXemyxwddMR@ns ajbermjfloaymhqngm aebupepr esent ed by
the general formula (2) or a hydrochloride of an enantiorner thereof Chem
61 15 [In the fornula (2), PG represents a protective group for
the ami no[@ronp3] and TRE praPicee Rieshod Actortimg@6 aa) kid o OEISMR WY ©h wiekiPe
subst:;%ut%6 or C3 to C8 cyclual kyi group which may be substituted.].
20[ Cl 15 HEPH SFO%Buri fyi ng a hydrochl ori de of a conpound
represented by the general forrmula (2) or a hydrochloride of an enanti oner
thereof to increase the purity 1Chem 7] (2) 140 [In the formul a
(2), PG rEppesént s aTpeotadctivemgthodmecdrdingdn aanpmmof;}rlmup 1 tanld), Rherein
represent bstltut a C3to C8
cychal kyl ﬁle I%Ct\ﬁl\w%l ggﬁuﬁihgsf{l) %2% XY%HU‘[%EEF@?}{C‘P gy 15a benzyGfOXycarbon 1

group, and R; is a cyclopropyl group.

10
[Claim 15] A hydrochloride of a compound represented by the general formula (2)
or a hydrochloride of an enantiomer thereof
[Chem. 6]
oy
N " 3
15 PQ

[In the formula (2), PG represents a protective group for the amino group, and
R represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.].

20  [Claim 16] A method for purifying a hydrochloride of a compound represented by
the general formula (2) or a hydrochloride of an enantiomer thereof to increase the
purity

[Chem. 7]

25 PG
[In the formula (2), PG represents a protective group for an amino group, and
R, represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.].
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