DESCRI PTION Title of Invention: METHOD FOR PRODUCI NG 3- SUBSTI TUTED- 4-
FLUORCPYRROLI DI NE DERI VATI VE 5 Techni cal Field [0001] The present invention
relates to a novel method for producing optically active form of

3- (N-substituted-am nomet hyl)-4-fl uoropyrrolidine which is an internedi ate
useful 10for producing a

7-(3-(N-substituted-am nonet hyl) - fkﬁ?ﬁ PRy r ol i di nyequi nol one carboxylic
acid derivative which, not only, I's safe and shows potent antibacteri al
activity, but also, is effective to resistant bacteria on which
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car boxylféé&élff@c}plg%ri vative as antibacterial agents which show excel |l ent
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[ 0005] ﬁBQﬁR&?%8&§Bthod di scl osed in Patent Docunent 3 is a synthesis

met hod iBrokigioghd&rf | uorinating agent is allowed to react with a
3- bpgnonet hyl (zjbdzﬁ'droxypyrrol idine derivative, and which is led to a

3- brononet hyl oropyrr eriv and then, a
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[0004]
Patent Documents 3 and 4 also disclose improved methods for preparation of
30 (3R,48)-3-cyclopropylaminomethyl-4-fluoropyrrolidine.

[0005]

The method disclosed in Patent Document 3 is a synthesis method in which a
fluorinating agent is allowed to react with a 3-bromomethyl-4-hydroxypyrrolidine
derivative, and which is led to a 3-bromomethyl-4-fluoropyrrolidine derivative, and then, a

35  cyclopropylamino group is introduced. However, in the method disclosed in Patent
Document 3, all intermediates are oily products and are difficult to purify.
[{0006]



[0008] 15[ Chem 1] Schenme 1 HO Nil& (1) PGL S..." \IP& (2) (3)

[ 0009] In general formulae (1) and (2), PG represents a protecting
group for an am no group, P& represents an aral kyl group, an

ar al koxycar bonyl group, an al koxycarbonyl 20group, or an acyl group. [0010]
Meanwhi | e, a nmethod for producing a quoroanine froman am no al cohol is

classified in n mhlc after

hydr oxyl groug Pgmgfé8?$ﬂ% agﬂlm§uﬁpg ?%Kg g%q%£k¥§gﬁﬁ8%ﬁ§%% ?233 |2
depr ot ect-8doroppudoldimeubiog asym@ﬁtml lcfldrcgehgtdzrnxgﬂiscm P In§°athnt Botyment 4

{1 uor i nahGdalil #A (ARHAE sAAUPHRLAGLUIPS PLBGL A3l Rldrblecred N As the

nmet hod in 0 group IS protected once a hydroxyl group is
fluori na(t}@@pa@ﬁi’llﬁﬁen‘aﬁ?thbl' trhdiexyRyredishing degivatve ehampiryoionlwhi ch a
fl uolr5lk na&dt%gﬂilﬁﬁ@‘l FQoride qﬁ'}:t]ﬁlg g@geoaﬁ ?r\é/!kzyh %mpltse@ﬁ as'wbénli?l muﬁ Qngr g u ItO WIt th
an al kox rbo ou S er oxycar u a en
oG ot ok Ak PERODR SO Bt oy S OE G Ep) SRRy St A Ry e gL e B
Docunentsuch dé s@mbﬁglo@ayﬁirbomylrgaﬁume uedd @& d\proReting gnoubémrzzeqemﬂrémdam)lam no
al cohol rivative of which an amino group is protected with a
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fluorination ¢90®&]hydroxyl group is carried out with an amino group of an
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15  [Chem. 1]
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[0009]

In general formulae (1) and (2), PG' represents a protecting group for an amino
group, PG? represents an aralkyl group, an aralkoxycarbonyl group, an alkoxycarbonyl

20  group, or an acyl group.

[0010]

Meanwhile, a method for producing a fluoroamine from an amino alcohol is
classified into a method in which after an amino group is protected once, a hydroxyl group
is fluorinated and a protecting group for the amino group is deprotected, and a method in

25  which a hydroxyl group is directly fluorinated with an amino group being unprotected.

[0011]

As the method in which after an amino group is protected once, a hydroxyl group
is fluorinated and the amino group is deprotected, examples in which a fluorination
reaction is carried out with protecting the amino group with an alkoxycarbonyl group such

30  as a tert-butyloxycarbony! group (Patent Document 5 and Non-Patent Documents 1 and 2).
In addition, Non-Patent Document 6 discloses a fluorination of a N-(2-
nitrobenzenesulfonyl)amino alcohol derivative of which an amino group is protected with
a 2-nitrobenzenesulfonyl group.

[0012]



[0013] In the nethod of Non-Patent Docunent 3, the yield is relatively

sati sfactory, however, there is a problemthat it takes several days to
conplete the reaction. In 10addition, in Patent Docunent 6, an

N- benzyl - N- (2- hydr oxyet hyl )am ne derivative is converted to an

N- benzyl - N- (2-fl uoroet hyl )am ne derivative using DAST which is a sul fur

tetrafluoride derivati hp Cavield .t f is.as L. 17% [0014
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[for exanple, a conpound represented by 10fornmula (2) in schenme 1],
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conmpound (2) is reduced. [0018] In addition, it was found that the
3,4-elimnation conpound (4) or the 4,5- elimnation conpound (5) is
difficult to be separated fromthe target fluorinated conpound, 15and the
yield of the target fluorinated conmpound is reduced due to increased
purification operations. Therefore, an object of the present invention is
to provigde a noy, nthesis method for an optically active

syn- 3-( %‘E'g{yqfﬁf"éﬂ%’é’ﬁl noret hyl ) - 4-fl uoropyrrolidine with industri al
advant agesbkusho Bediol tdikby thedmtdndonof the 3, 4-elinination conpound (4) or
the 4,5-elim T@éfﬂn conmpound (5) is suppressed. 20[0019] [Chem 2] , PG
[0020] In the general formula (4), PG represents a protecting group for an
am no group. AbEGOEDlors chthwmpraknilinyentipazaniyl qucinveptimpions regarding the | n t he

generzal | t Qtrelaﬁﬁﬁérﬂ&h gua@uae yrR6lidE, BRY 9T oup,
30an Gﬂmﬂgasgggg%%algnchygwﬁ§wr%8%n gn ar al glljar ) rlou an
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[0024] addition tAs: targreSudrinatedhenipoued {or exdnopiad: cdmepoundiemesented by
nit r%benfg)%@g@l{bj mxhelﬂé zEQTéﬁa Hgﬁﬁﬂet B adecd! B%o%ﬁ% biNGe U LY MORnABd

N-substitu am no general formula (1)], the
3,4-eli n‘iorﬁlﬁtqué %)d «(4), which is fornmed when other protecting groups
were used is forrred In addition, it was found that, by adjusting the

o BT S B sl IEIESST, 1,

i nvent or dirfifaatiteh ¢dnaioundy(s is défficolatd bgsepptatedatdry tiactigeeilamtnatdd gnyiosnd.ed- 1

>3 (1'% SURRI'thd SR o 1L QIRBARALS UbhBOVATIOREES B diffeiiede PMR¥GLR! | di ne
operations. Therefore, an object of the present invention is to provide a novel synthesis
method for an optically active syn-3-(N-substituted-aminomethyl)-4-fluoropyrrolidine with
industrial advantages such that the formation of the 3,4-climination compound (4) or the
4,5-elimination compound (5) is suppressed.

20 [0019]

[Chem. 2]
e

PG!
[0020]
In the general formula (4), PG’ represents a protecting group for an amino group.
25 [0021]
[Chem. 3]

PG!
[0022]
In the general formula (5), PG represents a protecting group for an amino group,
30  and PG’ represents an aralkyl group, an aralkoxycarbonyl group, an alkoxycarbonyl group,

or an acyl group.



fluorinating agent such as a perfluoroal kanesul fonyl fluoride, a highly
pure optically active

syn-1-prot ect ed- 3- (N-substituted- N nitrobenzenesul f onyl am nonet hyl ) - 4-
fluoropyrrolidine derivative may be obtained in a high yield. [0026]
20Further, by reacting the obtained optically active

syn-| - prot ect ed- 3- stituted-

N—nitrob%% 8§§WW§ﬁ§ﬁﬁgpﬁwﬁﬁ§hyl) 4-fluoropyrrolidine derivative with a

t hi ol conpound023i |nexpen5|ve and industrially advantageous nethod for

produci ng opti aI
et pr ot oot S ghE REMIE mrobloms. the present inyentogs have conducted extepsive

found, amscardhes of prasessge opp eg‘eqitsymthqee&mﬁfbﬁd RIS REGRI @qtéfé syp5p@®027] That is,

the presemldRUshlihdRchplatsbitol@hl.ow ng | nvention. 1. A net hod
for producing _a conmpound represented by the general forrmula (7) or it's
enanti omer, of%43éir salts, conprising step 1: (Step 1) a process

of fluori nat | g a&e&ﬂﬁmm&deﬂte@rwﬁzﬁiﬁﬂled mkhynhhﬁr(gﬁﬁ%rﬁhlgfdhlynyﬂoap wﬁs@aé a@r it's
enanti omer_usi. a nucl e uorinatin ent an ase

avi g aPRifeinagesp SGirartutued i @bl tp R the BOGHT T BRARME MY
5[mhereih4eﬁnﬁmhengen$pamiﬁbrwhkhliﬁv¢m¢wﬂmme@memwﬁmynagpnmﬁeﬁieW@dgfoup
for-an r{ou i be
i &aﬁ%@?ﬂ%‘*ﬁ“ﬁﬁ%ﬂbﬁ g O e oA MR, e ™t s
repr eserir?el”lé'l,ouilt of apalverBcie Spraration oh @hmlr@ﬁwa CQ@HPW%@& RAREOIEE ony |
group], 9eqlO0[ Chem 5] | R1 hb(?) [ wherein, in the general
formul a ( q%ﬁiepresents a protecting group for an am no group, Rl
represents a & C6 al kyl group which may be substituted or a C3 to C8
15cyc| oal kyl g]he;up, thh irolentoay foned shandty fudriedtingotiddly mefpreeseint-pragected-

ro b 2. A
et hod ror SHsae LY b Bb e, 1By ?@s@r@?@*”%gqﬁﬁwéﬁﬂ%élﬁﬁf Wbt () o
i t s enafhmrmnmg agfmt sUedias as@rﬂ@roai ilinyd g@r@ﬁﬁ adighly peig optically active
(Step 1)5 ~lp B&%ﬁeﬁ-ﬁfoshb‘ﬁftht@@IN AfrodeRRANPRUOHY heRIB8aRY18d- by the general
f or mul 4; enant i oner uslng nggaﬁhlllc fluorinating agent
and an o@‘ﬁ’&?ﬁyéroé@é‘@ HYPRYE RAY SfPBiRHE eﬁag mM@tne structure; and
(Step 2) a promes of deprotecting a protectlng group on the am no group of
t he _conpound represented. b or nul it r, or
thePP salts obtEhsieby Ffi?cté‘ﬁ% ef%@g?%d’pélci‘liﬂ Rlive 8?’1%1 ateaﬁfré Gﬁﬁ@? ihRdE"
[0030] [h@mbehienesulfonylaminomethyl)-4-fluoropyrrolidine derivative with a thiol
compound, an inexpensive and industrially advantageous method for producing optically

active syn-1-protected-3-(N-substituted-aminomethyl)-4-fluoropyrrolidine was found, and

therefore the present invention was completed.
25 [0027]
That is, the present invention includes the following invention.
1. A method for producing a compound represented by the general formula (7) or
it’s enantiomer, or their salts, comprising step 1:
(Step 1) a process of fluorinating a compound represented by the general formula
30 (6)orit’s enantiomer using a nucleophilic fluorinating agent and an organic base having an

amidine or guanidine structure,



PE 5[wherein, in the general fornula (6), PG represents a protecting
group for an amno group, Rl represents a d to C6 al kyl group which may be
substituted or a C3 to C8 cycl oal kyl group which nay be substituted, and Ns
represents a 2-nitrobenzenesul fonyl group or a 4-nitrobenzenesul f onyl
group], [0031] 10[Chem 71 5.11.% Ns(7) PGl [wherein, in the general
formula (7), E&i represents a protecting group for an am no group, R
represents a 8o cs al kyl group which may be substituted or a C3 to C8
15cycl| oaldg¢in. gf oup whi ch may be substituted, and Ns represents a

2-ni trobenzenesul fonyl group or a 4-nitrobenzenesul fonyl group], [0032]
[Chem 8]._R (8) 20PGL | [wherein in the general fornula (8), PG
represenﬁg protggetinB'group for an anmino group, Rl represents a O to C6
al kyl group f ma)] be substituted or a C3 to C8 cycloal kyl group which
may be substf tut C) 3. _The production nmethod described in 1 or
2 above, whereid, inlgﬁep 1, a Zdﬁérfluoroalkanesulfonyl fluoride is used
as the nucleophilic fluorinating agent. 4. The production mnethod
described in ove, wherein the perfluoroal kanesul fonyl fluoride is

nonaf | uor obut ané- I -sul fonyl f]l uori de, i 5. The production net hod
deschi bed in awhersine inpthe gengalfoyppla d0). Wie FeRrpsentsf @?%ﬁ“ﬁ% SIQUP &AAY on

t enper at4iioigoublR’ dpréRas.a Ghio Fh&lkpr @aus iihivh ey boslidentsd ded3 v @y one

of 1 to 5 abgve, wherein, in ste a vent is use 5-.tQ -fold
rount _op RRESEEiartc T ingy BeShEButey SRl gEitescal 4 BRilubipdifafin . o

enant i ongpup or a 4-nitrobenZeneFlonyt gadupt,i on net hod described in any one of 1 to
6 above, mherg&ﬁg in step 1, tetranethyl guanidine, 1,8-diazabicyclo [5 .4

. 0] undec- 7- eng, oJ 1,5 -diazabicyclo [4.3 .0] non-105-ene is used as the

or gafi c base. 5] 8. The production nethod described in any one of 2 to
7 above, wherein, in step 2, the thiol conpound is thioglycolic acid, a Cl
to C24 alkylthiol or _henzenethiol which may be substituted. 9.
The prod ion t hoB 'descri bed in any one of 2 to 8 above, wherein, in
step 2, 1 aseNi s an al kali metal hydroxide, an alkali metal carbonate,
or an orgghi ¢ Yasehavi ng ¢ am di ne or guanidine structure. 10. The
production g hod cribed’in 8 or 9 above, wherein, in step 2, the thiol
conpound is‘the thioglycolic acid or the d to C24 alkylthiol, and the base
is the al kalPGhetal hydroxi de. 2011. The production method described in 10
above, wherein ﬁhe,Cl o C24 kyltg%ob S 1-dodecanet hiol, and the al kal
metal hydr oxi d&hsreiny in the gRARYIdPERYIA4/). PG reprassnisAIOGEIRE FOPB ATt hod
descri beghihd gfoty, RheepedseBtstadC b @Hakel grotue wdidh, maynbshibptitdted or a C3 to C8

N, N- di met hyl f or manm de.. \N- et hyl.pyrrolid r..N | byl ' is used
s 3% eqetioatSLERPartiion Ty bEYBHIE saP RS e thlit 1Tl ARE ARHS above.
wher ei n,growp st @p-nBrobeheenksEonyl group].

2. A method for producing a compound represented by the general formula (8) or

it’s enantiomer, or their salts, comprising stepl and step 2:
(Step 1) a process of fluorinating a compound represented by the general formula
20  (6) or it’s enantiomer using a nucleophilic fluorinating agent and an organic base having an
amidine or guanidine structure; and
(Step 2) a process of deprotecting a protecting group on the amino group of the
compound represented by the general formula (7) or it’s enantiomer, or their salts obtained

in step 1 using a thiol compound and a base,



di met hyl formam de is used as the reaction solvent. 14. The production
nmet hod described in 8 or 9 above, wherein, in step 2, the thiol conpound is
t he benzenet hiol which nmay be substituted, and the base is the alkali netal
carbonate. 3015. The production nethod described in 14 above, wherein the
benzenet hi ol which may be substituted is 4-tert-butyl benzenethiol, and the
al kali met al i@@inat e i s potassium carbonate or cesium carbonate.

16. The produ nmet hod described in 14 or 15 above, wherein, in step 2,
a |lower [@heoh6]l, an ether solvent, a nitrile solvent, or a m xed sol vent of
these is used as the 35reaction sol vent. 17. The production nethod
described in 16 above, wherein a m xed sol vent of the | ower al cohol and the
et her sol t is used ggl the reaction solvent. 18. The production
met hod descri bed -*above, wherein the | ower alcohol is ethanol or

2- propanol , @an he her solvent is tetrahydrofuran. Effects of the

| nvention 5[Q033 Rgcordi(6y to the present invention, in the
fluorination rgaction of a conpound represented by the general fornula (6)
or it's enantiorrqr, a fluorination reaction without formng the

3, 4-elimnati ddXonpound (4) as a byproduct and al so suppressing the
formation of the 4,5-elimnation conpound (5) as a byproduct nmay be carried
out. 5As a 10r ¢shédrbin, prthdgehéranfoahiuli(§h PG pegrescotnpmutedtingproepdmtand by t he
general for (4) .or.Jt:s j ' ' ' 1S.i: i hl

Furt her rfa@?l Q%E"%Pdgplﬁe tr%gg ?Sna @Pﬁ)gé %?Wg%ﬂé’ﬁ%g}r@%ﬁ ghgf#%}lglg%ﬁ%% (?%teo %%rrpound
r epr eseriyetpally! giowp génelr aiay besubatisuied jane Nsjrepreseatiom ingrmbenzeneswfppslind
represent,ggh, BYa 1 AgraRASE R IFMIHIAP(,8) or it's enantiomer may be produced
in large quantities at |ow cost. TRat is, the present invention may provide
an 15i ndustri é‘?(ﬁ”advant ageous net hod for producing high-quality optically
actiive Syhesd: (- substituted-am nonet hyl)-4-fluoropyrrolidine or their
salts useful as internediates for produci ng pharmaceuticals at | ow cost.
Enbodi nents for Carrying Qut the Invention 20[ 0034] Hereinafter, the
present fgventign W R be described in detail. [0035] The present invention
provi des 0 N(')r produci ng a conpound represented by foll ow ng

t he gener formula (7) or 4¢'s enantiomer, or their salts including

fol |l owi ng ep 1.N8Step g A process of fluorinating a conpound
represented:py follow ng the general fornmula (6) or it's enantionmer using a
nucl eophi l'i dliuorinating agent and an organic base having an am di ne or
guani di ne structure [ 0036] 30[ Chem 9] HO eR Ns(6) [0037]

I'n the gener a[whareinuinah¢ @nerfGbrmelpi(ds BAf sermesenGtagubdientnggoup fdram an ami no
group, - t i bs.t.i or a
&0 cTbEREPR) Rerfesthict (T O By ORUR AR PR o CHbRH %

2- niLbr otsarlpakebgionp mpichymey be subssitwed, and Nsbenisentss - nErapengnespionf0038]

group or a 4-nitrobenzenesulfonyl group],
{0032]
[Chem. 8]

E

RI
.
H (8)

N
bl
20 PG
[wherein in the general formula (8), PG! represents a protecting group for an
amino group, R! represents a C1 to C6 alkyl group which may be substituted or a C3 to C8
cycloalkyl group which may be substituted].
3. The production method described in 1 or 2 above, wherein, in step 1, a

25  perfluoroalkanesulfonyl fluoride is used as the nucleophilic fluorinating agent.
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[Chem 10] rKRI (7) 113GL 5 [0039] In the general formula (7), PG
represents a protecting group for an amno group, R represents a C to C6
al kyl group which may be substituted, or a C3 to C8 cycl oal kyl group which
may be substituted, and Ns represents a 2-nitrobenzenesul fonyl group or a
4- 10ni trobenzenesul fonyl group. [0040] In addition, the present

i nvention provides a nethod for prducing a conpound represented b

fol I owi ng t het-ddgdreductipn mf’lt@d(‘@fcrkhegii@ﬁgb‘é‘ﬁ’am Ef’ﬁ%ﬁ‘,e OIP their sal %/s

i ncl udi Ngrfi@drbAvhRGuISEBP floaadissioaphdbrotiirEt bpullnyhflpoadess of fluorinating

a conpound represent ed .by the ner.al, .formul a (6 rit's,enantli i

a nucl eophi | iﬁﬁﬁﬁ’fﬁ?ﬁ‘r‘ig?g H&ﬂ?&gﬁﬁcrﬁg i AP Obég%bé) Vﬁ’a\%er{al%alﬁll Sge%ef(’ii ﬁ:l (r)\?

guani di neresttionotmperatur¢ 8t EIfC2)r Iésspr ocess of deprotecting the protecting

group on the & Thl Pr&udHBn ﬂietli]oﬁ%eg&[qégw &G el?f?o&%, WhGemenaia 1,formul a
r r their sa tal ne 0

(7) or it's enantiomer, O ts o romstep 1 using a
thiol c et isaised A5 HiadS-fobdbampuift of 8 comppupd represgpted Gyabq gosraln t he
gRIeneraI ﬁ)gﬁgyl@ %a)us efagéiofrlﬁﬂrlesents a protecting group for an am no group,
represents t a royp ,whi ch may. be bstituted,. or C3to
B oyt oal kyl7-dreapduion e ssiiBerh i ol o 061N EHER R ¥ i ae
I(_6) . tOd(t8ﬁrar|néth5%1g‘i1mﬁ®1he,ct,B@a@bmyﬂotﬂ.OMdmﬁmne,wdgﬁpﬂiakaﬂaimﬂo[@ﬁﬂﬁmaﬂ-cuI arly
[ e s lon ) ot ing group is commonly known as a protectin
or ot 1 oy oAty Y Suph R d : :

] may include, for exanple, an aral kyl group
such as benzy3. Tie puplugtiom methyetdesstitsd an gy efreoefi th%a@IVRoWWamb@rﬁng

such as g, Hﬁ{»)l ahd m}ﬂiogﬁyc%HP acita €1 ROXYE AHARNI 0BG BnetBiol which may

pr opyl oxycar bon group, i sopropyl oxycar bonyl group, a butyl oxycarbonyl
group, di¥ subgHUEH oxycarbonyl group or a tert-butyl oxycarbonyl 5group, an
ar al koxycar bonyihe @Rt el tIRE dRsdiRd ih My 6y dfayl 8 govepwhaeip; in step 2,

met hoxybenzyl o I . -nitrob I b I
1 (APt e e R AR o B et g B o R Bug ety
group, anlnfidineexghatitiylk sgnauE. or a net hoxyi sopropyl group, an acyl group

such as an acqf Yhe BRMBofmbloll MALBBG FE ¥ br 950MR, wheREOR QRYD GEOMBL @
butyryl group, ?Sktg va oy(l) grou a benzo Ogroup or. a mnet benzoyl

. p, c%ﬁ' 10gr ¢ hyi
group, compeend jsdae tiogyeqlic acid or thpkd iy G abeTthipdyanddle baseys %’ér‘i‘lkm

ar a: EOXMﬁé’té{)JI%ﬁ‘éxigé.OUp or an al koxycarbonyl group is preferable, an

ar al koxycar bony roup, .a nmeth car bon roup, . an. et hoxyc 0 oup or
a téPt-butyl oﬁyh‘gﬁgﬁ FU B Ogégﬁﬁ’lbggﬁi/{eq %)roé'BI whergin té?%l@%%?&%kﬁ&ﬁ group
i s 15even 1 rdvdecapedi«r atl the akal neetdd diydydxddeyis Atthamytlydgmadep is particularly

8; ngr 3\12: gh L@S ‘}gé pIo'auQESh%%Ihoﬁ%EQHb@& ir{ Q‘)y &R o(f%) to 14 r7&%0\'}e(;:lwhtepeiﬁ?qﬂ @'Jeﬁyl
2, N,N-dimethylformamide, N-methylpyrrolidone or N,N-dimethylacetamide is used as a

roup

reaction solvent.

25 13. The production method described in 12 above, wherein, in step 2, the N,N-
dimethylformamide is used as the reaction solvent.

14. The production method described in 8 or 9 above, wherein, in step 2, the thiol
compound is the benzenethiol which may be substituted, and the base is the alkali metal
carbonate.

30 15. The production method described in 14 above, wherein the benzenethiol which
may be substituted is 4-teri-butylbenzencthiol, and the alkali metal carbonate is potassium
carbonate or cesium carbonate.

16. The production method described in 14 or 15 above, wherein, in step 2, a lower
alcohol, an ether solvent, a nitrile solvent, or a mixed solvent of these is used as the

35  reaction solvent.

17. The production method described in 16 above, wherein a mixed solvent of the

lower alcohol and the ether solvent is used as the reaction solvent,



substituted" neans a O to C6 al kyl group which may have one to five
substituents selected fromthe group consisting of a hal ogen atom a

hydr oxyl group, a cyano group, a 20 C to C6 al koxy group, a C3 to C8

cycl oal kyl group, an aryloxy group which may be substituted, a O to C6

al kyl carbonyl group, a O to C6 al koxycarbonyl group, a C to C6 alkylthio
group, an am rou ub ut ed. Cl I no group,
a 4 to C cy Tﬁ,l‘eé)ﬁ(ﬁ%?a g“%({egﬁlbr?éﬁnﬁ?rc%%v(fewmrel q:ts"rigljea%qht%g}rsoatoms a
f or my| angthanogooZHpromendl, ahd tiecethdrisylvenirib tatsphpdrofiwamgr oup, a G to C6

al koxycar bonyl am no group, a 25 Cd to C6 al kyl sul fonyl am no group and an
aryl sul fonyl ami no_group which may be substituted. [0046] I n general
f or mul aeE @)’fst)f)th(z‘@)‘fenﬂﬁ’é 'C3 to C8 cycloal kyl group which may be
substy t ut edpmgans a C3 to C8 cycloal kyl group whi ch may have one to five
substituents 3 elected fromthe gr.o onsi stin a ha en atom a
hydroxyl grfgpd: fg%f@)}g Bfea%dlbvena‘)% uﬁ%ﬁ maPRY %%ﬂfpa Wl oxy group
whi ch megeplgersedbi thcyfeackal forfduld @) %rt’alekyﬂtﬁmdnmﬂrhorgmuup reaatiGi witho@6

| k b -
o ot ot e i Ralin dPpeRuli VA ek B A% ARRRSHERND . D N0
whi ch maferinadénuefehoAd- Qlunmhn@ecmmmdég}ﬁm byprédichiplE e serrigdoup, AT | to

35 % al fwhie r&ﬁeubﬁarﬁrghgfw@corﬁp&dd rt«:&egé@u@l M&%&r&ﬂ%mﬁmg QioUP. 2 a

to Co al kyl's am no. group, .and_an ary amn group may be
substrtu%r@ﬂtwf[l@l)‘& igh yield ISPOSST‘H@ E‘,{*}ﬂte@n% gX/éFHﬁTeRWg oup” rreans f or

exanpl e, m&Bb@izKrYdsuH@l@l Rrégyveige ao@y@lrﬁl&blk&kenltddﬂgf tha rgéndi‘ﬁh/formﬁllalqmbqr ifor

| )
vel ohoxynGiBe s cambpubeReoReFElR Ehv AL oty S R RG plb e, °
Anmong t hpméuced i iemge)qmamp;abs grlowpobts Jhef ierthb p&serﬁ[lm'@m&}m may provighen " ar yl oxy

gro By ~fave one
f%v\gmgg‘ggt@%&u%ﬁta gﬂdgé(fdestcdtﬂéetgg? fﬁm(:ﬂ%up cgnsr st ‘@f@h\%{:g Q atom a
hydr oxy| subptdiuiisd aérna%ﬁ@y@r%ﬂboroayrrplﬂdlae gy biais salts usefvd 65 @éerareréwes Poup, a d
to C6 allk@a‘ycnggﬂwmgg@@agat tow &8stal kyl thi o group. 10[ 0049] Exanpl es
of the "aryloxy group” may include a phenoxy group, a naphthyloxy group, or
the like. [0050] Exanples of the "Cl to C6 al kyl carbonyl group” may include
a for nyl EgboedimenafolGaeehy IOw tleulnyveiqur opi onyl group, a butyryl group, an
|sol%tyry| grﬁwﬂ a valeryl group, an isoval eryI group, or the |ike. [0051]
Exanpl es of t to C6 al koxycarbon roup” may include a
met hoxycar bonylerginafigs, thamr@@monmwndﬁﬁlbegﬁm@edal @@il.- but oxycar bonyl

group, or the d)@_a}g 20[ 0052] The "nono- or di-substituted d to C6
al kyl am no gr p" means a O to al k oup whi ch have one to
two substit uer pEEéF@df%ﬁmPPdﬁW‘flg% ﬁ“ﬁg?‘g ‘i“H-’ga BImRe §i%m a

hydr oxy| bygfollufingathe gamaalgfontipla (4) & it’s endibioflek @x yhefr sall@mchld(iihg fodioGg

al k Ith:jsgpg oup, an amno group, a C4 to C9 cyclic am no group which may
25i Acl u ohe to three heteroatons, a fornylamno group, a d to C6

al kyl car(@eapyl)anprocesgrod dpprinat@lg & eng@®ual keirexghfed iyl fakd wmgghoggeradn

aryl sul f I ]
Bcampl co COfATEIR PE BhRtler LR te1cBUARL Rufiting Aty 2R o PRl
group, 3IDEHLANHAMIGHCHS gg‘?@dble SHHCHI9r opyl ami no group, an n-butyl ani no
group, a sec-bggagham no group, an n-pentylam no group, an n-hexyl am no
group O{C t he J i ke. [0054]

[0037]
In the general formula (6), PG represents a protecting group for an amino group,

R represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8 cycloalkyl
9



The "C4 to C cyclic am no group” means a cyclic am no group which contains
one or nore nitrogen atons in the ring and in which an oxygen atomor a

sul fur atom nay 35al so be present in the ring. Exanples of the C4 to C9
cyclic am no group may include an aziridyl group, a pyrrolidyl group, a

pi peridyl group, a norpholyl group, an oxazolyl group, an azabicycl oheptyl

group, an aza ycl ooctyl .group,.qr the lik Exa es of
the "C $r8u1€26”?’éq Pehe Bﬁﬁ?ﬁ’éﬁ‘#gwgf GRSy aﬁ%oggéegﬁuggg}{ggr%ﬁ ?{? %roup, a
propiOnyMaﬂbﬂﬁﬁgﬁoumgd@nhqiyryIanino group, or the like. [0056] Exanples of
the " to C6 6¢ﬁﬂ$ycarbonylanino group” may include a

5net hoxycar borg no group, an ethoxycarbonylam no group, a tart-

but oxyca[r(limnylla]n no group, a hexyl oxycarbonyl am no group, or the like.

[ 0057] F Exanplgs of the "Cl to C6 al kyl sul fonyl am no group” may

i ncl ude a<et f'onyl am no group, an ethyl sul fonylam no group, or the
i ke. 10[ 0958] N The "aryl sul fonyl am no group which nay be
substi t ut eg" ans Ng aryl@ﬁl fonyl am no group which may have one to five

substituent§ﬂselected fromthe group consisting of a hal ogen atom a

hydr oxyl &y 1 @ cyano group, a nitro group, a G to C6 alkyl group, a C |
to Cg al kox @roup and a d to CG al kyl thio group. 15[0059] Exanpl es
of the "aryl SL[IO @qyl am no group” may include a phenyl sul fonyl am no group, a
4- nethylphenylsulfonylanlno groIp a napht hyl sul fonyl a E roup, or the
like. [0060] Théegnepbioauly () %rf&%ﬂe%%lﬂ@t%?t@grg&w Pr ARENHIOGOHY anched
| ower al kKytepgcontpa CﬂQEWTQkﬁSgr@lip thbh@laythb SuBstithiteyl] orgr O8I ﬁﬁ}tyctlﬁ\aikﬂde a

?%?Ly?%‘ﬁﬁﬁwh?%nﬁt £ a5, il e b Sy ol BN 8P .

1- etliByl mltrpb'énzgm&suﬁon)dgﬁemhyl propyl group, a butyI group, a hexyl group,
or the I|ike. t hese, an et hyl group or a tert-butyl gr oup i's
preferable. | 1] 25Exanpl es of the " to C6 al koxy group” may include a
met hoxy groupIna léﬁmdk?Pﬁﬁﬁﬁﬁﬂ*au%®P%WVw@ﬁéﬁ%mxbOﬁé%@P@%ﬁagPHEﬁun r the
like. [ 0& ented by foll@é@ﬁ@)ﬂﬁ%eﬁéml femue (87 6 €6 erdrihichi @ gy O imeRydingncl ude

a nethy thio group, a propylthio group, an
i soprop gggsﬁﬁﬁban‘J;?teli’ He | i ke. 30[0063] The Ns group in general
f or mgl ae(S(@)l)@nplro(ﬂs)s oif $luarinatirpebenzened wptesyded dydbipgerard fomyula (Qloude, for

PXaPLe S sfloblel BERE & NTRHLLANY udHitife ke 4 Bh LEARENERBRAVING GRY | OF SUP-

In the presen uorlna eacti on ng the 3, 4-
elim natarmudlr@m?m@mdm@d)ru@wrfa byproduct and al so suppressing the formation

of the 4ggs obé@s%@ﬁbﬂﬂt&ﬁiﬁ)% NoteSingdsrodp BY Blcathiad § Ry dfencarri ed out

by protectlng t prote on .t N-substijtute 0
the Ns fO9uPUPH refﬂﬁ%“eﬁ@ﬂi’ ﬂe gg}efei gy %[Oéé)t%ﬂnaﬁ%mﬁrr 84 ?J‘ﬁgg ‘H”g?lﬁ‘%fﬂn for
t he opr es@sth stepviensinonthisl dhponnd andebewe 2 [ 0065] [ Chem 12]
[0041]
[Chem. 11}

q}‘ﬁ
T,
.

®)
N
bl
PG
[0042]
25 In the general formula (8), PG' represents a protecting group for an amino group,

R! represents a C1 to C6 alkyl group which may be substituted, or a C3 to C8 cycloalkyl
group which may be substituted.
[0043]
In general formulae (6) to (8), the “protecting group for an amino group™ is not
30  particularly limited as long as the protecting group is commonly known as a protecting

10



Schene 2 HOR FRIF S Ns N (Step!)(Step 2)r VI RIE Nv I.Nr NNs 1,1 PG PG
IPGL (6)(7)(8) [0066] 5In schene 2, PGL and RI in fornulae (6) to (8) have
t he sane neani ngs as descri bed above. [0067] |I. Step | Step 1 is a process
of fluorinating the conpound represented by the general 10fornula (6) or
it's enantionmer using a nucleophilic quorinating agent and an organic base
havi ng an _am.di ne ar guani dld;e str ct utr thus 1%P,{)al nin rfpound

r epr esent'SHP () APREIRR BEPRY A3 Fﬁﬁf”& 05FX?IPP§ BHYRATY offerP 8 cfha[s p@y salts
by convegibipgr aphyethaxyhenzyl @upipotn ullkexynarhmuhgl onp puasai mcthbyydattengener al

f |
ng}J egpéngf“?c felltuo F%gt lfq gg%nﬁj?oﬁl&xg%%g; :g'[%%j% arlé%%ﬁdpr#& ggﬁbomldon as it
i S a nucgievpls butzcloxm@bq BioND, @rg@@hutﬁﬁwqﬁdgﬂnwhgma@r afigst-bety lomyeasbony
per f lzuor gahlkaaﬂea%lkéwfboh&% Zgguchaasﬁtﬂehkgnoiydamoﬂ?r iﬁé@ oheﬁl vative, a

f I uor oal Iamne eriv uor o- 1,°3- e | i e, (DFl')
or a suI‘F‘E XY HRREDPERSID a@upﬁééé? mgolgfél.zy B8 ﬁé%l@i?gﬁéﬁmfﬁ&lgﬂ de is

pr ef er abgreup a%&@@%ethoxymethﬂgaﬂﬂqi asn@hoxtykehoRembihyd poap kahgshbioed)]
fluoride r onet hane

nonaf | uo$r8B%?%?18‘efL°§‘PﬂSP%rr?Wp IS G %W“%%é’éfaﬁuo%ﬁéﬁ%{o%p| sul f onyl

fluori detnﬂhemaa@mbgbumcawopmamrbuzsw‘tmb)rryl grblipor piddoyh groemsidiehza ododecane-
| fo i [ 0070] Anong t hese,

nong;él uo‘%}xh%{)%%g{e lﬂ%e ﬁ?&%ﬂ Slérﬁtlec}g(% tridecafl uorohexane-1 - sul fonyl

fluoride or Qﬁ“é&lecafl uor ooct ane-1| -sul fonyl fluoride is preferable, and

nonaf | uor obut él\ﬂﬁoﬂ tﬁé‘éef paiculbtlii Gl S8k b8y cBoy Pire e bed ﬁkoi}f&aﬂﬁdyﬂgr@lﬁp t he
per f 1 uor.oal quon fl u@m}fe i s used nore conpared to,other

£l uor i nalt PrcApEnLAke %ar roN o MEHIOY 47U 5By 4t PP L ost |
[ 0071] group or a Eexiaing) lesyafrbdrtyé gsulpfisimote prefenadie, e addkospaniboeylnggup scl ude

) ?‘%L%%W%% S Bl PR EE B bl Pt Pl B

bi s( 2- met hoxy &2l ) ani nosul f ur trlfluorlde ( Deoxo- Fl uor), or the i ke.
5[ 0072] Eé&ﬁ:%l'f@ﬁnﬂﬁe (d)eo Q)U%G@Iﬂwk:@rm iRy \Vﬁbhm Ry include
Yar ovenko' s ent - ?19’ -trifluor oet h%ql d| %Lﬁam neg

| shi kawaguésfrtéfa mea'esla Qléoéi sl epa W FER P6ES P Bk R SHRYHB§E

1,1, 2, 2-detlcted fitam thﬁb@rhmb edsistidiz e h Ihy]logdéﬂ ﬂemﬁ AREDNAY] group, a cyano group, a
N N %I ethyls @ gﬁ(g%()ff lg % 23 qgtd%ycygf% a%l'ggﬁ‘)grou%rwﬁig}? rAan Ke-
substituted, a Cl to C6 alkylearbonyl group, a Cl to C6 alkoxycarbonyl group, a Cl to C6
alkylthio group, an amino group, a mono- or di-substituted C1 to C6 alkylamino group, a
C4 to C9 cyclic amino group which may include one to three heteroatoms, a formylamino
group, a C1 to C6 alkylcarbonylamino group, a Cl1 to C6 alkoxycarbonylamino group, a
25  Cl to C6 alkylsulfonylamino group and an arylsulfonylamino group which may be
substituted.
[0046]
In general formulae (6) to (8), the “C3 to C8 cycloalky] group which may be
substituted” means a C3 to C8 cycloalkyl group which may have one to five substituents
30  selected from the group consisting of a halogen atom, a hydroxyl} group, a cyano group, a
C1 to C6 alkoxy group, an aryloxy group which may be substituted, a Cl to C6
alkylcarbonyl group, a C1 to C6 alkoxycarbonyl group, a C1 to C6 alkylthio group, an
amino group, a mono- or di-substituted C1 to C6 alkylamino group, a C4 to C9 cyclic
amino group which may include one to three heteroatoms, a formylamino group, a C1 to
35  C6 alkylcarbonylamino group, a C1 to Cé alkoxycarbonylamino group, a C1 to C6
alkylsulfonylamino group and an arylsulfonylamino group which may be substituted.
[0047]
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10[ 0073] As the anount of the fluorinating agent, typically, 1 to 5
equi valents is preferably used, 1 to 2 equivalents is nore preferably used,
and 1 to 1.6 equivalents is even nore preferably used with regard to the
conpound represented by the general formula (6). [0074] 15Exanpl es of the
organi ¢ base having an am di ne or guanidine structure may include a base

? ?)\éiU;]g inSach gl?gm QQ@E%’C%%YEEW%% ﬁ}?&nsg IB%Z@Q‘Q‘I“%S ﬁ%@fw %Lp ﬂg\%ﬁga ene
1-met hyl cmmhﬂgmd@@ BicTud8, 0r resnaily,dr aye Riprqpyl gctoipla 2ycdipyyli growi, a- 6- one,

(i)r 1ag gr I#&flgl%u ]?ex9f(1§}rﬁ])é§j rt?CE)h aﬁﬁf oﬁp ?O&Qh&%gh group, or the i hke

t hese, DBI.IIOH S@racmtgpr@ ggcfu@nameéera fid DBU is nore preferable. [0075]

In step 1, th 0@ﬂ@unt of the organi ¢ base having an am di ne or guanidi ne
structure use s preferably 1 to 5 equival ents, nore preferabl to 2
equi val ent s, ﬁ'a BVRYBPEP IBishdnat bpfapstituied” megngan iy Xé’rﬁf%uw ¥hregard to
t he com@uﬁﬁa\reemrse@ﬁn& gabsnyuehbescerdiaim b groml c@nibiing ¢A0NAdgen atom aln step
1, the re n te erature is referabl ig Ehﬁ(raggp OF }7%% 60C, nore
preferab]igglC 8?m S N ﬁr%ﬁ?%mpﬁ § &3 S8 88918 2 448 PO P Sner i ng

t he 30r egrotp aml 4 Eipe Catalindthid grompt | on of the 4, 5-elimnation corrpound
reprgsent ed bi 5@? general formula (9) may be suppressed. [0077] In
addition, in step”1l, the reaction tjine na¥ be appropriately adjusted
dependi ng on ﬁﬁémp@a@f then apdppeeraunT Bay i dee RIFBORY SXONP hRanheudent |
35[0078]gr0up, ortheTil& reactl on solvent used in step 1 is not particularly
limted as Iorfmf is a reaction solvent which is stable under the
condi ti ons of reaction and is inert, therefore not interfering with the
reaction. ExaﬁphaphsbfﬁmﬁﬁnaoiﬁiMkﬁtmbm%d@nm¢UdmﬂhywmdeaﬁmmndgnstM1as

h :
B s R e e
tetrahyd&@ﬁhﬁﬂﬁ??WHP}ﬂkdﬂﬁ%opropyI et her, 2-nethyltetrahydrofuran
tetrahydropyrgnbl gi gl yme or cyclopentyl nethyl ether, esters such as nethyl

acetate, ethyl,K ace pra acetate or byt tate, nitriles such
Bf Bsi el oy @Fowﬁaﬁapﬂﬁwai"é)éabhwfwe&r bons such as

5as acetonitr
di chl or anehtarerboaill @b, anrethdky2ardori lgpsupe b banButokycarbonyl group, or the like.

1,1 & 3, 3- penLoabfb or obut ane. [0079] These sol vents are appropriately
selected whi | e taking into consideration the easiness of the occurrence of
t he reaction dhd ‘@mpeouyeal-sebstiteted §ldn& balkydammorgraey’ meansarft ] 10X n

addi ti onyy 1&&9}9 GARERN h e%ala,vmossu@mu&ﬁ@Qeléae@fremh@gm?us sol vent
usi ng an dppropriate de aﬁg}qatl ent or a dryin ent
t

t ol uene,coRsising et hdoara &l Y gFoug EHY%}O&@% ! osChplkpay &119!1@: 2 and
t ol uene @510 gkprigh grak), an a{n@&ﬁgﬂoulb G4 ePC4 cydR dnfi@o grapnihiol nlahe sol vent

f bl 15 f I 0- to.30-fold
ot B 2t e Bre ey e 46} & GhBBMEde B ol e
Wi th regmmp a@ltﬂo@ﬁgﬂhglsaﬂfoﬁmnnmbgrcﬁ@) aape|wsfedylaBynd gronp adiichgnéhies anount

of the rmati on of the 4,5-elimnation conpound (9)
repr ese%@tﬁﬁ%kgd’g%?%%&g the general fornula (9) may be suppressed. The

fluorination Qé’éél ionis less likely to proceed if an excess anount of
sol vent is USEQamﬁl@?b%@"‘@l tH@érkﬂkﬁé‘mﬁﬂFﬁr&ﬂf"rﬁﬁ)en@m% Rtm&hylaRinegtbup, s
20pr ef era%belthyiammo group, al(l) %ﬁlra;@ﬁh mino gro p, an n-butylamino group, a sec-butylamino
group, an n-pentylamino group, an n-hexyl amino group, or the like.
[0054]
The “C4 to C9 cyclic amino group” means a cyclic amino group which contains
one or more nitrogen atoms in the ring and in which an oxygen atom or a sulfur atom may
35  also be present in the ring. Examples of the C4 to C9 cyclic amino group may include an
aziridyl group, a pyrrolidyl group, a piperidyl group, a morpholyl group, an oxazolyl
group, an azabicycloheptyl group, an azabicyclooctyl group, or the like.
[0055]
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251 n the general formula (9), PG and Rl have the sane neani ngs as

descri bed above. [0083] The "-fold anmount” described in the present
specification neans a volunme (nm.) of the solvent used with regard to a

wei ght (g) of the compound used in the reaction and is 30cal cul ated from
the followng fornmula. -Fold anmount (v/w) =(volune of solvent)

(m)/ (conpound_ used i e i 0 0084] . .After the reaction of
step 1 is congﬁ}@f’ﬁ)fijest#éﬁ%%%ﬁéa&gﬁﬁé’fgﬁlﬁéﬂ“%?‘){lﬂem&éﬁ%ﬁlﬁe%rwl a (7) or
it's enanddtyiamino @oup, hgirepisaylhsinonmayuie totyriyfaneob grudp) edhatikel as desired by
usi ng nor mal b ds of separation (for exanple, extraction,
recrystallizati on,” chromat ography or the I|ike). [0085] IIl. Step 2
5Step 2 is a pgixowds ofithalépl bt €6 nikaygyqahwnimyno grouphingty ipgdude pr ot ect i ng

gr oups ONplofifex 'rﬂﬁg%[ggﬂe g?éupt Qgeﬁegfc%ﬁbg%ra%ﬁﬁ@ fRbegidy the general formula

(7) or it's ehanti _ their sa]g'rz tained in step .1 using a thiol
conpound PHARY S Boay BMIRG royBt A e YCHEOBYAREIHOYR 5Y 8¥i%ed by f ol | owi ng
-the general fqppsfja (8) or it's enantiomer, or their salts. 10[0086]

In step 2, a thiol .co und, | s.used, as. a.deprotection reagent. Exanpl es of
the thi ol conp%@ﬁ@l?ﬁgﬁ%@h@ecgﬁﬁ‘éﬁ&P@%‘&ﬂ?‘B&&&rﬂ‘}P 0 ENES, o kyl t hi ol ,
benzenet mietiylsstfooylamne greus whsthatodylemimngmnp) dythe hkol whi ch may be
substq tut ed. [[ggﬁﬁ] 15Exanpl es of the O to C24 al kylthiol may include

I- bu

et hanet hi ol , ICanet hi ol , 1- hexanethiol, 1-dodecanethiol,
1- t et r adecanetHicotrylsulfonylegning group gdienmanperubstityted Saeras Aol |

1-tetr aC%ﬁﬁ%ﬂ}l%ino@@ﬁﬁ%%tﬁ%oﬁave%n@%5 Ahekibs@luend sPeftt@nekhihelbroup
2-decanet hi ol ., 3fag canet hi ol -decanet hi ol , 5-decanet hi ol

2- hexadetTbting 8f 2 helopalalawe a Rudiors) 8row: assphiRiodRet RTGISOBh 3 He 0 G e.

20[ 0088] alkyl group, Bi@l eda etkekh pmtupwhd alC IneyChakgltifis grdupt ed neans

benzenet hi ol } may have one to two substituents selected fromthe group
consi'sting of ‘nydrogen, a halogen atom a C | to C2 alkyl group, a

car boxyl grougixagmp®is of sheChrabrdnaylagnion grove” @aytioclede abksryiniltaoylgmewp, a

trial kyl gioly] 2 SEQURIpIRNy sOfohy1iRino22b 80 @ AhupHifflsul@nyl fnikd KB thg iR
nmeans a %lltorgﬁa ht chalijn grs b?a}‘nchglé)?olgvxgr aPky?lS‘éronu}Ipl). Ex?agrl}plﬁés of the d to
Cl2 al kyl gro Boquy i nclude a nmethyl group, an ethyl group, a propyl group,

a 1-net Byl e][ hylthegCaup ,Cjéaalﬁylr?bm Iﬁf@lpWstr@irgﬁtkﬁlairaorﬁarlaﬂdﬂa& Ilc{nm@ma{ylgpohpgr Oulp,
a tert-but ro - ro roup, .a 2:et ro I a but
aron,  sbimeft Sy g B R et B ol AL R b gk * Y
4- net hy| prenylydrogy, aupmethyheimtlygrowy, edppetaypromt Bydupex Hmehpprpaad -det v

group, Y teflf , 0 1 r , i ke. Anpbng
t hese, ggrt%gg,ta{tggtb%w&{%ﬁug?&%% 22%“8’?&0%;%@?&*%@2#&gl’)?g,ﬁt%ggm &

t ert - but Yaxvhewup. rdheike phepss Hispe anEtoderougsradaibay! groupherretyrable cp

al koxy group” [pgs1]i ncl ude a nethoxy group, an ethoxy group, a butoxy group,

a h%)éyl oxy gr %’)Pafnp?ers otf ?I?e ‘L(S lkteo' C(g 31%8%51 group” may include a methoxy group, an
ethoxy group, a butoxy group, a hexyloxy group, or the like.

[0062]

Examples of the “C1 to C6 alkylthio group” may include a methylthio group, an
ethylthio group, a propylthio group, an isopropylthio group, or the like.

30 [0063]

The Ns group in general formulae (6) and (7) is a nitrobenzenesulfonyl group, and
may include, for example, a 2-nitrobenzenesulfonyl group or a 4-nitrobenzenesulfonyl
group. In the present invention, a fluorination reaction without forming the 3,4-
elimination compound (4) as a byproduct and also suppressing the formation of the 4,5-

35  elimination compound (5) as a byproduct may be carried out by protecting the protecting
group on the N-substituted-amino group with the Ns group in the general formula (6).
[0064]
The production method for the present invention is shown in scheme 2.

13



Exanples of the "C to C6 al kyl am no group” may include a nethyl am no
group, an ethylam no group, an n-propylamno group, an n-butylam no group,
a sec-butyl am no group, an n- pentyl am no group, an n- hexyl am no group, or
the like. [0092] 5The "trial kylsilyl group” is a silyl group substituted
with three identical or different al kyl groups. Exanples of the
trialkylsily ?ﬁﬁﬁp may include a trinmethylsilyl group, a

tert-butyld silyl group, or the like. [0093] Exanples of the
benzenet lwhldﬁ]ch may have a substituent may include 1 Obenzenet hiol,
dodecyl bepzgngbhi ol , 4-tert-butyl benzenethiol, 2-nethyl-5-tert-

but yl benzenet hi ol , 2-nercaptobenzoic acid, 4- nercaptobenzoic acid, 4-
trinethyl$kiylbenzeﬁethiol, or theFIike [q994] The aral kylit hi ol mhk¢h may

be substituf is an aral kylthia on the 15ring, " one to
two substityent)s sﬁ%ect edStepo t he @ nsi stPig 0f hydr alhal ogen
atom a C thC12 al kyl group, ™= carraxyl%éroup——cr—rB‘CB alkuxy group, a

G to C6 al ky{ @n1no group, a trial kyl'sijl yl group, or the |ikepsi0095] The
to C12 al group” means a strai'ght chain or branched Iomer al kyl
209roup Exa Bes of the d to Cl2 alky group may include a nethyl group,

an et hyl groﬂg a propyl group, a 1- nfé hyl et hyl group, a 1-me8hyl propyl
group, a 2-methyl propanl-yl group, a tert-butyl group, a 1-ethyl propyl
group, a 2-et W9dgdopyl group, a butyl group, a pentyl group, a hexyl group,
a 2-athyl but yi, gopip.» et aﬁatﬁwh%ﬁme @n ) hiv P tthe He@MRes &

1- met hyl hexyl group an octyl group, a decyl’ group, an undecyl group, a
dodecyl @Eﬁﬂﬁﬁﬁioﬁ? the Iike. [0096] Exanples of the "Cl to C6

al koxy group” [p@g7]i ncl ude a nethoxy group, an ethoxy group, a butoxy group,
a hexyl g joup, or the like. [0097] 30Exanples of the "C to C6

al kyl am g roup”" may include a nethylam no group, an ethylam no group, an
n- propyl am no Sgepolijs,a pncess biiflybramiting tigr @ugouad sgresonteyllbarthagergrabup, an

n pent yl )‘.I% Pﬁl(gf H4Ps ﬁl@ﬂltl%n‘[%?)ﬁ? h% Q%E’Qgﬁ{ %ﬁuox‘?ﬁaﬂl’ng%\%}ﬂt%ﬁd aLvaggaﬁ b-l.:jltlée

"trial k group™ 1s a hree™ | entlcal or
35di fferhﬂﬂngaﬁnl@}mldglemﬂslam%ﬁﬁp%fe@ﬂnd thas phialting /ths icpypogirdigpraraied bl ude a

trimet hyhs ?Eﬂ@ral%ﬁﬁ'tﬂa (71) 6er=§ ermﬂh}éhl‘éf rasem&w shltd Y cAivRRihg PhydrBey] |ghk? .of[ 0099]
Exanpl es_ o ude

the aral k ubstituen
& nhept v e RBISENBEY i BERtAERHR G by PRe AU HETRAIRE gl Brodb
benzyl t hi ol , ¢v0a8he |ike. [0100] Anpbng these, thioglycolic acid, a d to

géﬁz gan/ lh;[ 2: Olrh%gﬁ&c&lgqphélcdﬁl?(ﬁ‘ﬁl%ﬂ% Q%é?lt” 50?%@@?&%@}81&1@5 ’aﬁ IPO%?H% &k Q' ol,
nucleophilic fluorinating agent and may include, for exampie a perﬂuoroalkanesulfonyl
fluoride, a sulfur trifluoride derivative, a fluoroalkylamine derivative, 2,2-difluoro-1,3~
dimethylimidazolidine (DFI) or a sulfuryl fluoride. Among these, a
perfluoroalkanesulfonyl fluoride is preferable.

20 [0069]

Examples of the perfluoroalkanesulfonyl fluoride may include
trifluoromethanesutfonyl fluoride, nonafluorobutane-1-sulfonyl fluoride,
tridecafluorohexane-1 -sulfonyl fluoride, heptadecafluorooctane-1-sulfonyl fluoride,
tricosafluorododecane-1-sulfonyl fluoride, or the like.

25 [0670]

Among these, nonafluorobutane-1-sulfonyl fluoride, tridecafluorohexane-1-
sulfonyl fluoride or heptadecafluorooctane-1-sulfonyl fluoride is preferable, and
nonafluorobutane-1-sulfonyl fluoride is more preferable. In addition, the
perfluoroalkanesulfony! fluoride is used more compared to other fluorinating agents due to

30  its availability at a relatively low cost.

[0071]
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dodecyl benzenet hiol, 4-tert-butyl benzenethiol or

2-met hyl -5-tert-butyl benzenet hiol, or benzenethiol substituted with a

car boxyl group such as 2-nercaptobenzoic acid or 4- nercaptobenzoic acid is
preferable. [0101] 10In addition, thioglycolic acid, a C to Cl2

al kyl t hi ol , benzenethiol or benzenethiol which is substituted with a d to

Cl2 al kyl gro Xﬁ ro%ftl‘?er %Té?r trffﬁuorlde dng\%Jt %llnsr 1|n<t:1rtldg t{dn% %ﬁ??a%ﬁﬁgﬁ@ ol

substituted w

dodec aneitrﬁ‘.iuohd@fMaihbeﬂSHo,t (ylidﬂeﬂaremeismfm trlfhwpdfs (Déﬁﬁhﬂnqxpmlefoeiu&bt e.

[0102] t

equi val éﬁ@oﬁ?@% Hﬁgpa%gé’r rlﬂ)?st(%%eﬂleoaﬁ?ﬁgﬁgﬂ?lg y?lgﬁ%ggwid@(lfdee}sg%%ed@aﬁé 1to
2 equi vaihedks i s even nore preferable with regard to the conpound
represented b 0@ general formula (7). [0103] In step 2, as the base, any
base fromorg as in ani. c pases may be.u . 20 The u of the
i nor gani c bas %ﬁé‘? z}}eaf@q(goékﬁ@énqqun%%ﬁ%%1@@1@3@&@3@0 B;‘}ea?ﬁrﬁ?%;ener al
formul a r(k&)rotlsl QeaﬁubmemgphﬁhyIM1ﬁa)dﬂhlkﬁWasmgg:aatr(ld Hase8-used conpared to
the or gal?'x%ﬂl@@f%ﬁro El?et%ﬂgmﬁ&grlg?alzctgggﬁ%rbah %LI d{rgétﬂfﬂimﬁr% (Ef @ED‘M%E”' ¢

base, an or ani dine structu

pr ef er abN&- d@‘(him @Silfbtﬂor@ﬁemeﬂlgmnéﬂm?s]é (REMIY), &5 therildi ne or guani di ne
strygture may [o@g gude a base having an ami dine structure such as

(1 DgN;i ! aé;?: (r:nygflfsﬁée aTOH@tq});ﬁf? ﬂg(&rgn;agpéggqal{)t ty]gice?llyc,illaté%%lqﬁ Vaien{s 18 pre?grg'bqn >-ene
3,4,6, 7,@e8; 1h©>®émﬂ¢a3ezﬁé-lrspydsneqﬁéf&ra8kya]se&ranmldbrleﬁ equivAmtoisgaan mobase havi ng

R s N N

DBU is nore pfeéfdiabl e. [0105] Exanpl es of the inorganic base may
I nchude a met xaﬁé%@%'ﬂ%‘% ﬁh%ﬁs%lhagﬁégﬁgﬂ‘ﬁgin@'br guzﬁﬁéhﬂ!: smﬁﬁ@%} car bonat e.

Am)ng t he et a r oxi e netal carbonat or rrg %-B’ﬁl rogen
car bonatigclugdea ApsediavingernaAmidingrseReiges sugh anl 8 azamyaio[% PhEdsE-d-5F an
al kali  3pmtah sb&idim»ramwbmmpeeh@ (rpmaﬁ eyailli@ine anehettiyliadi@dole sret al

of "t he ?ﬁ&*ﬁf Eﬁ? S AR KT GO EH G Ry DRk S CORPG AR oxi o

pot assi umahiditreostiudere suchiadiluh3, Eydramathlﬁguaméihcl (A Moo guasdinber yl | i um

hydr,gxi | LR roxi de,
bari gm ﬂﬂigr@%gﬁ%s ;J”FBJ %{h% rox ﬁ,olllor tﬁ%%kﬁ%lem%ﬁuﬁg}ggwl i thium
hydr oxi d@e fegadtii- um Shydr oxi de pot assi um hydr oxi de, rubi di um hydr oxi de or
cesi um hydr oxifgtgysphi ch | s an al kali netal hydr oxi de is preferable, and
I|th|umhydr0|de ef erabl e. 007 |es of t
car bonat e may)f‘? Fep ﬂld@ela ‘ﬁg E%Pfﬁ?ﬂ’éﬁt %ﬁt%‘“‘%ﬁ?éi@f’tﬁfﬁ
c ar bo natiged isaefidbly €ao beqmtvei,entsmbwprefardb@n atcez edparyibhts,Lamd k@eambonat e,
SI um.ca t I um
Car Bonat B Ay 4 st R R St SR LRI A By O
car bonatfennulalﬁﬁ)dl um car bonate or |ithium car bonate which is an al kali netal
carbonate is ﬁ@d@;f zrabl e, cesium carbonate or potassium carbonate is nore
preferable, a tassi um carbonate is even more pref erfaﬁl e. q—éﬂﬁgl%]
Exanpl es of tﬂes‘?ﬁ%tla‘l ¢ BSASHBH ERAHBGHAPE ?Fﬁ?/lyll?léhel}”&%gqq’ B lfnd ogen
car bonatgere Sﬁmmmﬁwcagaesspmm@ﬁmre pﬁafaﬁslwumdjmn@geanafvb@mgttEe

rubidi um h en car banat en car bonat um hydr ogen
Car BonaEe iR HRE Gy AisR S bt eian o Sho RS af e b ot o

st ront i wenbpdfoogets (9amiagriﬁtsappnessbé,r| um 20 hydrogen carbonate. Anong these,
lithium hydrog@; arbonat e, sodi um hydrogen carbonate, potassium hydrogen

car bonat e i'um hydrogen carbonate or cesi um hydrogen carbonate which

is an al kali Heedditiensdr siged . thereastian Emeqnay s epagprentely adjusted depending

on the reaction temperature and the amount of the reagent.
35 [0078]
The reaction solvent used in step 1 is not particularly limited as long asitisa
reaction solvent which is stable under the conditions of the reaction and is inert, therefore

not interfering with the reaction. Examples of such a solvent may include hydrocarbons
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[0109] In step 2, when thioglycolic acid or a O to C24 alkylthiol is used
as the thiol 25conpound, conbining an al kali netal hydroxide as the base is
preferable. As a nore preferable conbination, the use of |ithium hydroxide
as a base is preferable when thioglycolic acid or a d to C24 alkylthiol is
used as the thiol conpound. In addition, a combination of 1-dodecanet hi ol
and an al k nmet al oxi de.,is nore referabl , _and onbi nat on_ of
oecaHteh A Beape el O PRS- PR oetions Pyt BrEs Bluese  0110)
On the oéhgﬂed&aétﬁers\ahﬂnadmﬂ-ﬁ&ﬂahhxyﬁdthaﬂh|(DMEDa§etrbbycﬁuﬁsmn (THBddiissproped as

br of er abTa6 20N sr AT RO Pl R B ey B < AR AR B BB 2 e i o
i s used emers hehe nmtimdtabeiole, cthileacatsts, openpy hidesité onlpttz ace@teboﬁatee segh t he
base o s {ya%é@ A‘ﬁ%r #D%}ﬂoﬂﬂjil@s(ﬁ" g‘éﬁ’ét@@%ftﬁ@ca%oﬁ%ﬁbl&’é’% %@mamoa@gn% is nore

pr ef er ab tion 4-tert-Db enzenet hi ol , and
pot assi uthl @raf%@néxwlehloes@éha@ﬁpééflﬂe%étpénﬁaﬁu%waﬁ? eferabl e. [0111]
The reaction godmgnt used in step 2 is not particularly limted as Iong as

it is a reactign solvent iC r.t.he. ondlt

eacti on and (oSBT HEPRIOPLT R e TR St the

Exanpl esesinestafhh@osntrency ofithy rdangduaiel avatigad, cithet duse omdscoholed salvedt her

sol vent, e v t, sul f oxi de
Ssoltven; " SdRERCH SR @R, uBsCidtork Fud Rl an AR RN Bhe of P ¢

taki ng | anpeopsisisdediedeating agerti o1 8 45Ving 88eT6f Itnrﬁéepoﬁé@rl@@wée? @rne@hvéwthwu on
and are WE ) 81 &1@1%6&@1’1&%6% pRFerblE] aRdoRehyRMore RkdmdbleThe | ower al cohol
represents or stralght chai n aliphatic al cohoi having 101 to 4
carbon atons. Ie of the | ower al cohol may include nethanol, ethanol,

1- propanol, 2 peppaihe afrobit @lithe solircsmlus&dapmlferalblgr% {doali-ﬁasidlamount trtoee | i ke.

01 f t
o1 o MU R O L VA0 gt

ether, 2solveBhwithyégaed T:(afﬂ‘il? @cmrmlrfannuhaéﬁ} f&h}d@hdo p)Byalncredmgg {hesngruntgicthgpent yl
et hyI el us[egliao% tion of the BRNRhEALA] 06 Bsoual ﬂregfélsé’rﬁgﬁ bR O'v\f'ﬁé ﬂ‘x@e

nmet hyl acet ate eth acet ate I sQp I’OB g acetate or

i ke. [ oensipl Symlad) gwydie suprcrict s i 18 Suonnation feagtipm iy la%ﬁé%@ ORGP | e
propi oni ffgh Eﬁaes@émét'ﬂﬂ olfski@ent[i944] theredvie] &n®in dfigoaibidemsoli\WEBblvermys

|Nnﬁll_2 dre;eér% F%’?’e N, N-di met hyl for mam de (DMF), N-nethyl pyrrolidone,
t ami de, or the like. [0117] 25Exanpl es of the sulfoxide
sol vent may i f@l8ide di met hyl sul f oxi de, sul folane, or the like. [0118]
[Chem. 13]
Rl
%
Ng @
N
PG
[0082]
25 In the general formula (9), PG' and R! have the same meanings as described
above.
[0083]

The “~fold amount™ described in the present specification means a volume (mL) of
the solvent used with regard to a weight (g) of the compound used in the reaction and is
30  calculated from the following formula.
-Fold amount (v/w)=(volume of solvent) (mL)/(compound used in reaction) (g)
[0084]
After the reaction of step 1 is complete, the compound represented by the general
formula (7) or it’s enantiomer, or their salts, may be purified and isolated as desired by
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If the base used in step 2 is an alkali netal hydroxide, the reaction

sol vent used is preferably a | ower al cohol, a sulfoxide solvent or an am de
solvent. In particular, an 30 am de solvent such as N, N-di net hyl f or mam de
(DVF), N-nethyl pyrrolidone, or N, Ndinethylacetam de is nore preferable, and
N, N-di met hyl formam de is even nore preferable. [0119] If the base used in

step 2 is.an_al kal i tal. carbonate, the us . a . hol, 35an et her
sol vent,usén%??rma?gleg{)% \5‘78&6}3 a{)armg?%)]r;(wé %81%&%?%’%%%@%@“ As"&%r eferable. A

| ower al dobwbtogtaphy ahyidrlddelr an, acetonitrile, or a mixed solvent of these

is nore pref er[g@gﬁ, a |l ower al cohol, tetrahydrofuran, or a m xed sol vent of
these is even nore preferable, water, 2-propanol, ethanol, tetrahydrofuran,
or a ni xBdS%8BRvent of tetrahydrofuran and water, 2- propanol or ethanol is

partiscul arly ph&f BlsabhBeesdde depriley@ih HOINS &Whﬁhhﬁﬁlpfotéﬁﬁﬁgtgﬁddpaﬂ)ﬁﬁé of uran
or a m xed, sol vent gf Z-Eror%anol and, tetra roff urlgln 16)8 nﬁst aE}r.ef erabl e.
[0120] | B RHRLF the pomRourTERealcst 13 he Ees™ Toundla (Deyahs € RHPPChEYI ng an
am di ne teirSgteotitadhebinsttepu itinga thiblecongeuod and abbse] el slohmengthe s

pr ef er ab|

> “the. e g aRoShath: ehrchuimlEt (R & haR Far SR ana

more prefaéifably 2- to 8-fold amount with regard to the conmpound represented
by the 109ener[@d;84;ornul a (7). [0122] At the beginning of the
reacti on of sé}gp

~ prqbl ens sonetines ogcur in that soluybilit t he
Compound 1 epr 488t 2ak ROk EETmEUHBISor 8 RFHOETon Satgl ARt Ees St g i s
not bPOS Sﬂhtdlegmpomi ma;(yj [ﬂgﬁfﬂeahﬁbglyhﬁl\mmdi,,a (bytw@%gk@lﬂﬁui, balideacthill waith, t he
probl em can, be .1 0j ded. 123 . I the reaction tenperature
is pref el?q%Pf/Slilbﬁgﬁ%%d ?raar?gaéglg?{%l}hlﬂ-Vg'ﬁhtnbayt%gﬁkﬁﬁl%%g poi nt of the sol vent,
nore preferabl[§08) to 80C, even nmore preferably 10 to 60C, and particularly
preherably, 2%}5&918@99{' t}fe%pﬁgéiéi al(liyl hiol Ilngy afddlide] Afnetnib1ST-BRiadethiollq - r €act i on

riately adj uste |

time may be appro .ad ependl ng on the reaction tenperature
and t ho Boustbiobil daecansihint eI STBH:1-HIeEote: | deoRaRioh o
conpl et ey -tettﬁeogaﬁaﬁwu,mldpfo«paﬁeﬂﬁi@gtzelfshtelmetﬁghle3ggﬁ@hahio%f:§ﬂ@faﬁuha)l,(ﬁ) or it's
enant i omer . sol at.ed .as desi.r ei ng, .purd fied usi r ma
ot hods GFERAr SriGROr SERaHAL SAaterinh suiSteifold i,
chr omat ogtalebanedriol hethkilkke) . [0126] I111. Renoval of Protecting G oup 30The
conmpgund repr i&m ed by the general fornula (8) or it's enantionmer may be
converted to ound represented by follow ng the gﬁ&er al formula (10)
or it's enantilbgbenzespthitiethicksary be pybstippedpesmttsngenciieliHgh i byt ect i ng
group (Rfelto tob ShbsBinlcRERLte frdni %e?r@&;ﬁ&iﬂsi@ﬁn@ﬁphﬁﬁﬁrﬁg%, RealeaEd a6, suUt by
approprlgieléé%%o ing the rrelihod eaﬁrl %gd inthe It ratcl,sjﬁqu G een, T.
W it s51 I Cl Ayl erpplbaeeah ! E0daps U i P gHiory eaygy At g (P alikgamig
W | ey | ngrensci teinkkglsRybdroaptdrain likkohn- Wei | ey & Sons, New York, 1991,
25 [0089]
The “C1 to C12 alkyl group” means a straight chain or branched lower aikyl
group. Examples of the C1 to C12 alkyl group may include a methyl group, an ethyl
group, a propyl group, a 1-methylethyl group, a 1-methylpropyl group, a 2-methylpropan-
1-yl group, a tert-butyl group, a 1-ethylpropyl group, a 2-ethylpropyl group, a butyl group,
30  apentyl group, a hexyl group, an 2-ethylbutyl group, a 4-methylpentyl group, a heptyl
group, a 1-methylhexyl group, an octy! group, a decy! group, an undecyl group, a dodecyl
group, or the like. Among these, a tert-butyl group or a dodecyl group is preferable, and a
tert-butyl group is more preferable.
[0090]
35 Examples of the “C1 to C6 alkoxy group” may include a methoxy group, an
ethoxy group, a butoxy group, a hexyloxy group, or the like.

[0091]
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p309 to 348.). [0127] [Chem 14] FR I 1\1(10) [0128] 5In the
general fornula (10), Rl have the sanme neani ngs as descri bed above. [0129]
[11-1. A Case in which Protecting Group is Aral koxycarbonyl G oup or

Aral kyl G oup For exanple, if the protecting group (PG) is an

ar al koxycar bonyl group such as a benzyl oxycarbonyl group or an aral kyl

aroup such, as 3. BERYL o QUPL3e PRI ARbERaY k0BT Rl L8 PERLEC | O

group may be ca ion’in dénce
hydr ogenasgbyleming @080 ]an n-prOpylaMngﬂoeg, apfn-bitglavrna By, «'use@cbum?mmcl ude a

pal | adi U%Eﬁtﬁldg‘;ﬂtggﬁ%?@uﬁ?o é;lc”] O rg,ﬂpm paliadi um on al um na,

pal | adi u ‘ack Am)ng hese, 15pall adi um on carbon is
preferable. [ 4% Exanpl es of the hydr ogen source may i ncl ude hydrogen,

formsc aci d/ t riLgt: BYAII@:HM}E} 2Botipl e sif B i bbthRd WiaN@ideYliamicalorsy st em

formca ri Iam or th ng .t hese,
hydr ogen™ F%‘gglr %‘Fﬁ%\f@]‘)ﬂh&maﬁ(y%@aﬁﬁghﬂ %‘gﬂ‘hep?’ E%‘ﬁﬂ@ t he
reacti ongrotqy,mteﬁ4bluwld1mmmahggrdupom tat hlks.pheric pressure to 100 atmis
pr ef er abl e, tm@ ngefromatrmspheric pressure to 10 atmis nore

pr ef er abl e, tnospheric pressure is even nore preferable. [0133] 25In
the reacti on, Bxpmiples(of the henz¢nsthiplovkiel blag bewve asebstitusst manincli@eanpl es of the

sol yent méeﬂe@ﬁbuQ@d&&%ﬁ%n&mCht&ﬁb@@rblaafgﬁbtm@t iwwfhyl mﬁt butyl al cohol,
et hyl ene gly wat er, et hers

1 et S
tetr ahyd?‘gf%?%neteﬁf’gl Qoﬁ'éFﬂaﬂO%ﬁ%ztoFFy?c%t%’é‘PmaEﬁOg%é’ aq Efr hd‘et hoxyet hane or
di gl yne, riatetiyadiivibdnyeieddar, botig iikech as benzene, toluene or xyl ene,
hydr ocar bons %@1 as hexane, heptane or cycl ohexane, or a m xture of these.
30Anong t hese gohol s are preferable and ethanol is nore preferable.
[ 0134] Thg atatieylthéal ovliicnmiagp ivp evnistitirted miegmsi angdrafeylthinbwhighgen theom 0C to

the ;Boi | N0 DYIHAVe Bhe Wo%%bé’tﬁﬁénté‘%&técﬁfr&ﬁ%ﬁ@éﬁgb %onsﬁ‘sﬁfﬁ [y 8RRBEE af rom

roomtenp ‘ature to t ol nt of the sol ven& %
pr ef er aphaogenptppysy C1 to CI2 alkyl %r@amt@ﬁmﬁy 2oMaer ! %Y @ﬁﬂ?émgrq%’ea Lio

deconposté hikhlagfind BRupr SdlylsiBh gambdostie ikas sul furl ¢ acid, hydrochloric
aci d, phospho g&)szm d, perchloric acid or trifluoroacetic acid, or a base

such as ammoni yri di ne, triethylam ne, sodi um hydroxi de or potassium
S5hydr oxi de nmayhb&Cadd€d?2 a]lﬁyé gaoalgh’ trieans oftraghtabaid dar brgmebédioatsk elkahd

hydl’zgc hl é}gﬁf}: aﬁia%ﬂlé:‘s SREECRLETEH %ﬁéy‘? group may include a methyl group, an ethyl
group, a propyl group, a 1-methylethyl group, a 1-methylpropyl group, a 2-methylpropan-
1-yl group, a tert-butyl group, a 1-ethylpropyl group, a 2-ethylpropyl group, a butyl group,
a pentyl group, a hexyl group, a 2-ethylbutyl group, a 4-methylpentyl group, a heptyl
group, a 1-methylhexyl group, an octy! group, a decyl group, an undecyl group, a dodecyl

25  group, or the like.

[0096]

Examples of the “C1 to C6 alkoxy group” may include a methoxy group, an
ethoxy group, a butoxy group, a hexyloxy group, or the like.

[0097]

30 Examples of the “C1 to C6 alkylamino group” may include a methylamino group,
an ethylamino group, an n-propylamino group, an n-butylamino group, a sec-butylamino
group, an n-pentylamino group, an n-hexyl amino group, or the like.

[0098]
The “trialkylsilyl group” is a silyl group substituted with three identical or

35  different alkyl groups. Examples of the trialkylsilyl group may include a trimethylsilyl
group, a tert-butyldimethylsilyl group, or the like.

[0099]
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[0136] 111-2. A Case in which Protecting Goup is Aral koxycarbonyl G oup or
Al koxycar bonyl G oup 10l n addition, for exanple, if the protecting group
(PO1) is an aral koxycarbonyl group such as a benzyl oxycarbonyl group or an
al koxycar bonyl group such as tertbutoxycarbonyl group, the protecting group
may be renoved by an organic or inorganic acid. [0137] 15Exanples of the
acid which may, be use j,ncl ude.an i narganic id such as hydrochloric
201 d, sl fur | SRR Syl GalaThelRaE AR dsb i RS U B F et d o
hydr ogenhépogiphimy!methametbiod dririenctigil dlydplehylastirnetiia, baizdlthibt, iof thedikeacet i ¢

aci d, trifluorg ]hanesulfonic acid or p-tol uenesul fonic acid. Anong these,
hydr ochl ori c JCI is preferable. 20[0138] In the reaction,
typically, it Amopg ékesaipalyeeliasséd,a Gloloveh alkgidtpksuek apl -dofecagehiobat  may

i ncl ude YRk &k ethiR HaBthethidl, FRBRLehR APRRRkted RithaN®! 1o @CLAIRNMI &ibiy Schdl Oxane,
di chl or onet hane, chl

orof orm N, N-di net hyl fonnam de, di net hyl sul'f oxi de,

Net hy| pgedesylpengsaethiol 4-rabeylbepsensy “QPHQTm%E)(i' T ,ﬂ-?lggﬁsmﬁéw’r%{n, N N 2
5di met hybdreedatitb Deubstiiutaith 8 dhrboxydeoupbudk b 2inmrcambbedanie acklwriel ane,

met hyl eth%l ket one, titraq%dri yran, or a mxture of these, and anong:
these, WAFEAPPECHOKTaS s RICerafiG0) As the reaction tenperature,
typically, thd0kHdge fromOC to the boiling point of the solvent used is
pref.erabl e, a : . il 4 i of
50t h8 <ol vent ’*ﬂs%%’ﬁ?éﬂﬁ%%é%"?g‘f‘éﬁiﬂ?é?("%%%%?2@0E=8’fﬁ%?e%’é%{f Bl ot
i nvent i owhigflig s@eﬂf@@c\mﬂbééﬂd@i(ﬁg ol gErapds Predciablera Cil e Cé%ﬁ%@étbwf or
ibnvenlt i ?lﬁbéizinlgﬂﬁgl sl,(dbaﬂithi Wigh la tase cﬁ&?ﬁl @ﬁoup[i@fjrfbi& preferablle,. délﬁqi— dint albl Y, | at

enzy - 3-(cycl opropyl am n -4- r OX rrolidine-1lcarboxyl ate
hydr ochl eﬁakﬁggdﬂa'kgawﬁﬁxﬂﬁFgﬁggﬁq %E%W@%wéﬁénples 1to 4 and
benzyl [0102]
(3S,4R) - 3- (N - nzyl.am Yok, j:di ne- 1- car box
yl atlle]j used as %%bggvﬁlﬁg%ﬁe?i a‘?fhllﬁ C&oﬁ%glﬁ)&;ﬁe@’edyégé%ﬁgg%%Eéyagﬁ%lltg Ige pr oduced
accor di ngrefesatlhid tadtdgoivadanicis awe prefembleetndal 1ooheduivalents SHVPRAOXD07/ 102567.

[0142] S6ERla1CAHE rE2RIR thelbnBBid bepresented by the general formula g).
(3R 4R) - 3- (N %cl Zpropyl -N-(2-ni trobenzenesul fonyl ) am nonet hyl ) - 4-

hydr oxypyrrol i 1Re-1 - car boxyl at e A m xture of 120 nlL of

1, 2-di met hoxy &t kiepe, adthe basd) any bk ik erganiebassde dndrgarlidbikey nlad Be Asedrol )  of
benzyl (3S, 4R) +3-(.cycl opr,opyl am thyl )+ 4-h I L di.ne-

e 2 bbox Rt e b iy BB Y IS PRRRE el e YR adocll

car bonat fersula8) ismegdal yseparaied dronnthatingrgaric basegis¢dcanmparatrisl the of gagisdiasem

hydrOgenWﬁg“ﬁgﬂit§¥§§?w£H§ﬁ jqved in 140 nL of water) was added at 39 to 40C

under stirring. A solution of 12.7 g of 2-nitrobenzenesul fonyl
chloride in 3 of 1,2- 1 5di net hoxyet hane was added dropwi se to the
reaction m xt Wsah@breAictusd 3G orfaiid base datiiig ah bmidingof @landlibourgnas is41 to

43C,_ _The reaction, m xture.was extracted.with 150 nL of tert-butyl pethyl
othar, BB A are TR Brevais e B miines el bl fE

[ 0144] Tineludahpeakvedusinppgresidim ssubfuat eichas 1 Seiarabicydlohy.4fiintdeat/iavn and
washed wi : : rdie =t 1 idte d the
vashi ng W 0P Contteltip Rlofs 3 ndhs kb TR B LRI 870t o
22.5 g ol.4BenEHhexahydro-2H-pyrido[1,2-a]pyrimidine, or an organic base having a guanidine

(3R 4R) - @M€ %ch QR 1ORY B Nee Anth i Iz0 e dine TESIH 0@ BAniaio pRERIHAYene: 4- hydr oxypyr
rol IB%I neArln_oﬁga {h%gé%%? D%?\I 3r ’}(1\6/1J i%vl\alré) e1!able, and DBU is more preferable.
[0105]
Examples of the inorganic base may include a metal hydroxide, a metal carbonate
or a metal hydrogen carbonate. Among the metal hydroxide, the metal carbonate or the
metal hydrogen carbonate, an alkali metal hydroxide, an alkali metal carbonate or an alkali
35  metal hydrogen carbonate is preferable, and an alkali metal hydroxide or an alkali metal
carbonate is more preferable.
[0106]
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45] 2511-1-NWR (CDC13, 400 MHz) 8: 0.53-0.77 (4H, m, 3.42 (1H, dd,
.4, 19.5 Hz), 2.52- 2.67 (2H, m, 3.18-3.26 (2H, m, 3.36 (1H ddd,

.6, 11.2, 11.5 Hz), 3.54 (1H, ddd, J=9.0, 14.6, 23.9 Hz), 3.70-3.83 (2H,
m, 4.29-4.39 (1H, m, 5.11-5.17 (2H, m, 7.29-7.39 (5H, m, 7.63-7.66 (1H,
m, 7.68-7.76 (2H, m, 8.11-8.17 (1H, m. [0146] 30HPLC relative purity:

96. 6% (RT: 4.74 , | um: Inertsil ODS:3,  4..6 150 .pre-col um:

I nertosi | ODS- égmﬁ%s Hﬁ&‘fén%hy “?eem@h%@e&’lﬁflﬂ %@%@ﬁ@ acid (1 in

1, 00|0) (isakaxide) potAysiurabgtiaxidet hibédi(mdlydtaxade, Bysiu hiydroR@lenbaryllimsr sol uti on

A: sol uti,on. B=50:5 I (ati €., j . : . | umm

t enper athﬁ{aéo:m%@&ag?%sg\%q?%@é@?( ld?f? ﬁqﬁhﬁ%vrﬁlp%éé{‘%\iﬁ%ﬂgﬁEydl%gﬁﬁﬁgréﬁ)al ly, the

sol ut i orhydronide, plusyiaure diydyoxiiel ot thedikphodpieog ihesadithivm lnloxidesedivim h

A St iR pbiaSHuh B afdilde, n{bm@[ni'}gy@wﬁde% oAiuhbyldhGiBE GRRAtsan

specification ans an ¢ queou% sol uti on ﬁf phosphori'c a%:l oL gr epared in the

sane wayalkali pefalimdroids shaplerr E’xﬁﬂ%h@“ﬁl} plR¥ide 1s more preierable.

(3R, 4R) - 3- (N- pyelppr opyl - N- (4- ni trobenzenesul fonyl ) am nomet hyl ) - 4-

[‘gda?g%pérzg! EQLS 5)%%9%%%1}3}13%%%&% M8l idadn ALABLAGXYEkgne was added

(35, 4R) -@rtonyte] ppasspyl earbomie trhlyitjundednyairat pesinmehitonate, Yergllinoxy| at e

hyds gchl gpii t : j te solution
£9chl grd ee! @ﬁ?ﬂ&éﬁfﬁg{] gaié&gat%?g%bug?%b%ﬁa QbR g@%@ﬁzﬁe eRLRARR

(a solutton1n ] drogen carbonate was dissolved in
10 0 ni tbongicer Ymeas thesgeersivriedbanals, pplggsiumepiPpaate, sodium carkoagde.ut j on of

0. 848 g {iBidf3n BABbNatdbr Uthink tabeEeRaRHli{ SNkals Rle@l cf®ohdte % HOfcrdblf
1, 2- di net hoxyet hane was  added dropwi.se to the reaction m xtur fol |l oned by
AU A

e
stirringeHYR BIHHAELST 2P T DO RIS RN A POFSS RSB TP S 4 ed wi t h
10. 0 nlL «9tn herd plefiratle.met hyl et her, the organic | ayer was separated, and
theT5 anhydrottﬁogjagnesi um sul fate was 15added thereto. [0150] The anhydrous
magnesi um sul tate' was separated by filtration and washed with 5.00 nL of
tert-butyl meEkghples plthe niial Hydfageararbarale piie ingdudd kigiume hedrestti ned and

concent rabedatnd@lunt ﬁﬁ(ﬂ%?&h PIESHW, Botaddd rhﬁaffo‘éﬁﬁ cHYBSnAb i bidafn B}’drﬁ%éﬂ ca gel
col um 20chr omat ogr ap Si 02, n- hgxaﬂ.e/ e% | "acetate/acetone=1/2/1 (v/v)]
t o obt ajArbpngts, GSHm 9N car onate, berytlium hydrogen carbonate, magnesium

g 35, 4R) -}@d{dgﬁﬁgﬁbamgwlcghh (h?dﬂibigéﬂi edibma@a]l eﬁ-?nhtimhwmfgl arocmbimglie erzbariumCDC ;
X r,rolidi ne-1-cagboxyl.ate . acolorle i). 1 H NIVR 13,
290° o oatolgh SaB5ids  PARBAERLE 188l £k TaRoRkl: sty Mol (3
2517. 4 Hajhon@e5rdsc6 hlddpgen) cartipR, (ubiflivadydrQeen cgrbondte 3t casbirg Hz) |
3.17-3. . , = , 14 (2H, ,
7 26,7, gl cﬁr?gm%? B5icp g3 plipfimeinyrggen Gl Mprhratty 1E 100 Thisz)
HPLC rel ati ve[OdQ 1ty: 96. 2% (RT: 4.77 mn), colum: Inertsil ODS-3, 4.6
MX150 nm  30R{ e wiiBh thiopBichiit heioBa 31 t4 CR4mdhios ussdbis ke thivase:

AP e RN C I ol ST T
preferable combination, the use of lithium hydroxide as a base is preferable when
thioglycolic acid or a C1 to C24 alkylthiol is used as the thiol compound. In addition, a
combination of 1-dodecanethiol and an alkali metal hydroxide is more preferable, and a
combination of 1-dodecanethiol and lithium hydroxide is particularly preferable.

30 [0110]

On the other hand, when benzenethiol which may be substituted is used as the
thiol compound, combining an alkali metal carbonate as the base is preferable. As a more
preferable combination, when 4-tert-butylbenzenethiol is used as the benzenethiol, the use
of an alkali metal carbonate as the base is preferable, and potassium carbonate or cesium

35  carbonate is more preferable, Furthermore, a combination of 4-tert-butylbenzenethiol,
and potassium carbonate or cesium carbonate is more preferable.

[0111]
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(isocratic), detection wavel ength: 220 mm, colum tenperature: 30C, flow
rate: 1.0 nmL/mn [0153] 35 (Reference Exanple 3) Benzyl

(3R, 4R)-34(N-tert-but oxycarbonyl - N-cycl opropyl ) am nonet hyl ) - 4-

hydr oxypyrrol i di ne- 1- car boxyl at e 10.0 mL of tetrahydrofuran was
added to 1.00 g (3.06 mol) of benzyl (3S,4R)-3-

(cycl opropyl ani nonet hyl ) - 4- hy 0X rolidine -.car x | ate.h drochl ori de
to suspend théNgzsAstionFefventds ’l‘j‘rﬁ¥q§’y%‘rsd’é’éﬂar88‘t‘lﬂé¥lgfﬂéteg 3 IR (% %s 0l ut i on
in whi Che&tﬁﬁ@o@e@ﬁcwﬁﬁﬂIlslmﬂlydﬁMQIﬁb caxhivnabétheasaction ol weideit thd®fode nl of

A CAN T TGN Oy e e
sti rri ngaléahol, Anlether solxenty moenterenpenaanitdle fﬂih@nt,@a@mldmsqivemm %llf%i@e
extract eﬁ%l\)@h{ Br g ket ’I@lgs ?&)%ﬁﬁ%ﬁgﬁ;ﬁpﬁdﬁgﬁ %Qlegcemvvh?lfe 18ah fn% ed brine, the

organi c lTayer was separate rous magnesi unm sul fate was
added t W@naﬂ@ratlmh@emﬁw@ﬁsmfé €] CRPHE FRS| qfﬁh%@ﬁcft@mélw wwgatas reftiorbfwr as
filtratipRixdadomashed with 10.0 nL of ethyl acetate. [0155] The

filtrate and L(?j x:/ashi ng were conbi ned and concentrated under reduced
pressure to o Ph 1.21 g of benzyl
(3R 4R) - 34N-t &“hé jdntraitoohal fepregtntiNa ypednohedopysidaahi cloae tlgha)ic 4ldohiolrimxingyrrol i d

e e e e L B s i S R
2. 50- 2. Froggank, 2n9rop®oi,3L Butanol( isphutayol, erigmiaoRer thptiikeny . 4. 08-4. 15 (1H, m),
5.09-5.16 (2Hpky 7.27-7.40 (5H m. [0157] 20HPLC relative purity: 98.1%

(RT: 5.22 m'n, 0 ertsil QODS-3, reclurm | nertsil
DS-3, 4.0 Pri??ngﬂﬁlel %’ét mal Hna’t“éaa’bﬁ%bﬁg‘r“?“&s ‘31 in 1,000)
(sol uti Q:ﬁméthox aaRireDIME, eet(asagﬁmtgmm (B)F), Qiisapra®y] eitendes; sol ut i Ion

A's ut|o 0 I Socr at et col um
tenggr at'tf Bﬁtgﬁgy %ng r gtrahy%ﬁdp 5raﬁiﬁ lr%tl g%{@%&@?ﬂ%w\‘ﬂ%%cgmaanpl 4)
Benzyl (3R, 4RJ3134( N-cycl opropyl - N- et hoxycar bonyeani nonet hyl ) - 4-

EYSBOXYDW rol E%rfl?fels ]9? é:%%f&y E(?Q&lt%@a}gn@%d@fneﬂﬁfl Lahwdraptynataegopdgad to

0(cyc| omC%S?L 'all‘ﬁ’h%ﬂ?’é'tt%ﬂr)th%h}ﬁydroxypyrrol i di ne-1-carboxyl ate hydrochl ori de
to suspend thgigape, and a sodi um hydrogen carbonate sol ution (a soI ution
in |ch064 of s dr.o ncar ate SOl v mL of
wat éF) was add?® Blﬁﬁé? qlﬁrlll%lﬁ%vgﬁgfggng %%Cgto\ﬁm!ﬁ* pg{pﬁ 1&8 05#(1) (I)krenat e was
added dropwi s&1tl6é]the reaction m xture, 35followed by sti rr| ng for 2 hours

at 40 to 43C Elgﬁﬂfeggf{ﬂe%iﬁé XVER éﬁf@sieﬁﬁ& gﬁlﬁﬁhd@ NN gl—foﬁlflarﬁiﬁ@yl

acetate, the oOrga ydr ous nagnesi um sul f at e

was addé@MWeNemé‘[hyilH}’éroilﬁﬁW%Usdlﬁﬁ%é%“r?@ml%IOf thedikgas separat ed by
filtration angl\wfhed with 5.0 nL of ethyl acetate. [0160] The

L T SRS SRR B B i

pr e%é ure to o
et hoxycaideonypam nonet hyl ) - 4- hydr oxypyrrol i di ne-1-carboxyl ate as a
col orl ess oil [0118]
If the base used in step 2 is an alkali metal hydroxide, the reaction solvent used is
preferably a lower alcohol, a sulfoxide solvent or an amide solvent. In particular, an
30  amide solvent such as N,N-dimethylformamide (DMF), N-methylpyrrolidone, or N,N-
dimethylacetamide is more preferable, and N,N-dimethylformamide is even more
preferable.
{0119]
If the base used in step 2 is an alkali metal carbonate, the use of a lower alcohol,
35  an ether solvent, a nitrile solvent, or a mixed solvent of these is preferable. A lower
alcohol, tetrahydrofuran, acetonitrile, or a mixed solvent of these is more preferable, a
lower alcohol, tetrahydrofuran, or a mixed solvent of these is even more preferable, water,

2-propanol, ethanol, tetrahydrofuran, or a mixed solvent of tetrahydrofuran and water, 2-
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5[0161] 'H NWMR (CDC13, 400 MHz) 8: 0.59-0.69 (2H, m), 0.75-0.82 (2H, m,
1.22-1.32 (3H, m, 2.27-2.43 (1H, m, 2.54-2.61 (1H, m, 3.15-3.46 (4H, m,
3.65-3.79 (2H, m, 4.09-4.18 (3H, m, 5.10-5.17 (2H, m, 7.26-7.40 (5H,
[0162] 10HPLC relative purity: 98.6% (RT: 3.43 min), colum: Inertsil
ODS-3, 46 mMmx150 mm pre-columm. Inertsil ODS-3, 4.0 mmx10 nmm nobile

phase: diluted phosphoric acid (1.i 0) (solution_A), acetonitrile
(sol ut i aropynol or ¢thansd Ispasticudarly %réfeﬁ‘t‘rhl‘éﬁng\ ﬁ‘??‘(gﬁerﬁﬂéﬁ‘?h&@"al(ainéocr atic),
det ect i otrRdedfeRatod a iked Editnt @O R Hidpane el @trstiyelrofaRG, is fdoevprefetable. 1. O

mL/ mn 15[016@@]&%?arrpl e 1) Benzyl
(3R 4R) - 3- (N propyl - N-(2 ni trobenzenesul f onyl ) am nonet hyl ) - 4-
hydr oxypyr r ol ididitiord, if thabbexyskedirestoya? idirseginie dali ravangs ol sreldling(drol uene,
10- f , I f I %k Rgent
(nonafl L%HB @ﬂ{e)as,rt\rél u?@? &Q%\léaiﬂt 6% %02‘?%“‘5% # ?ﬁ?”l‘%gﬁ c\1/ eedr??g;hév%rdéﬁ
sequent i mpieyprefgdle- thereto followed by stirring for 2 hours at 25C. HPLC
nmeasur enent ofgfhijs reaction mxture was performed. The results are shown
Irrgn'rll'glrol SS 1t haé} %gi %XTSX arrplur_«ep of)l}g \be[epéhg%ﬁts Ip?e er\gglsy 19%5 Eb-%dld%lflrgoulntn al;l[dhe sane
(3R, 4R) ﬁo(ehdrr&yﬁlqu-ap)SLfoM frdenit withregard e thiel doatppiihd rapresoxt & Bl Yhed -
hydég L FLﬂl] carboxyl ate as the substrate, and HPLC neasurenent of
t hi % was performed. The results are shown in Table I.
[ 0165] 30(Comb%11r22ﬂ| ve Exanple 1) The reacti on was carried out in the sane
Erggnir R a§4t haty, H@é‘\}ﬁ‘lﬂ?ﬂ,«fﬁ)ﬁh@ 'rh%'cfl?&i . ﬁoblemz sometimes occur ml thzctlt L
enz cycl opropyl ) am none - ro rrolidine-1-

car boxyl sl &goifﬁ“@ OPOTRd represghigd F5L]@ %Fé'ﬁ%f%ﬁ%‘tlﬂ%gfs lﬁgfp%l E%Etlrf%%‘sm xture
was per frt @Bﬁlﬁblér fiebd @etidd Sutah@vaRQ MY usihg Baitable solRBROthEeRibiéCenpas at | ve

|l e 2v) Be reaction was carried out in the sanme manner as that of

ﬂ% e Aoidedi ng penzyl

(3R 4R) - 34I\|—c;{/(t1126bropyl N-(tert-but oxycar bonypam nonet hyl ) - 4-
hydr oxypyrr ol ﬁrgét%??,lthe?&{cﬁgfwép? Fadye il PR fe?am ﬂﬁfe%an@%ﬁ%dﬁ%wrewent of

this reaction e res [ts are shown | n Table

[0167] (hodligepaint Qféhmvﬁaﬁ,emsl)? pscrfﬁ@berelébtﬁ 8RCuenenpre pedeshty 0o tﬁﬁecas ane
manner %d}g_aﬁicu&fﬂy@eaf@mbw 20 toi607y benzyl

(3R 4R) 34 ci/(g]]zagropyl N- et hoxycar bonyHam nonet hyO0- 4-

hyd Bxypyrrol 1-carboxyl ate as the substrate, and HPLC neasurenent of
t hi s reacti onlnmidditisre imetsp Petht acactdn tifﬂeena}ebnﬁppsom'raﬁal; hdjweted depeabing 1.
[0168] 10I is calculated such that the
t ot al areatﬂf)gr%?en amé)k?ah}& (a@t]te su%gkfgle%gt%ﬂte target conpound, the
3,4-elimnati B?i2ébrrpound and the 4, 5-elimnmination conpound to be 100%

[0169] In step 2, after the reaction is complete, the compound represented by the general

3

25  formula (8) or it’s enantiomer may be isolated as desired by being purified using normal
methods of separation (for example, extraction, recrystallization, chromatography or the
like). '

[0126]
ITI. Removal of Protecting Group

30 The compound represented by the general formula (8) or it’s enantiomer may be
converted to a compound represented by following the general formula (10) or it’s ‘
enantiomer, or their salts by appropriately removing the protecting group (PG". Sucha
removal of the protecting group may be carried out by appropriately employing the method
described in the literature (Green, T. W.; Wuts, P. G. M. “Protective Groups in Organic

35  Synthesis”, 2" Bd., Wiley Interscience Publication, John-Weiley & Sons, New York, 1991,
p309 to 348.).

22



Area percentage of each conponent (% =(area value of each conponent)/(total
area value 1 5of each conponenex 100 [0170] For those in which an
isolated yield of the target conpound was obtained, the yields are listed
in the remarks colum. In addition, the nmeasurenment conditions of HPLC used
are as foll ovvs 20[0171] HPLC neasurenent conditions of Exanple 1 and
Exanple 2 InertS|I ODS-3, 4.6 mMx150 mm pre-colum: Inertsil
oDs- 3, 4. 0 nobi | e phase: diluted phosphoric acid (1 in 1,000)
(soluti thém 143]ceton| trile (solution B), 0 to 20 minutes; solution

A:sol ution B=60:40 (isocratic), detection wavelength: 220 nm 2 5col um
tenperat Be: 30C flpWrate: 1.0 ml/min [0172] HPLC neasurement conditions
of Conpar am 'Ie 1 Colum: Inertsil ODS-3, 4.6 mMx150 mm pre-col um:

I nertsil gmn nobi | e phase: diluted phosphoric acid
cont ai ni ng I/L octanesul fonic acid (1 in 301,000) (solution A),
acetonitrilgyj(solution B), O to 40 mnutes; solution A:solution B=65:35

(isocratic), "detection wavel ength: 210 tun, colum tenperature: 40C, flow
rate: 1.0 nL/EB 0173] HPLC rreasur errent condl tions of Conparative Exanple
2 and Conparative- Exanpl e 3 35Col y Inertsil ODS-3, 4.6 nmmx150 nmm

pre- ol um: | Fethesgene ulag10), IRmhﬂﬁ thensame Biepaingh asdescabad abele.phosphor i ¢
acid (1in 1, Fm@); (soI ution A), acetonitrile (soI ution B), 0 to 20 m nutes;

00 1 SRS SR 10 (LTRSS S S S SO 200, I

Remar ks SU bs Feaé:entae,dLthe Gaspalind:r3uphPE) s madraloxCartpayhgtodp SudBlasmi nat i on

Conpounq)enzyloxycarbonyl group or an aralkyl group such as a benzyl group or a p-methoxybenzyl

10  group, the protecting group may be removed by catalytic hydrogenation in the presence of
a hydrogen source.

[0130]

Examples of the catalyst used may include a palladium catalyst such as palladium
on carbon, palladium on alumina, palladium black or palladium oxide. Among these,

15  palladium on carbon is preferable.

[0131]

Examples of the hydrogen source may include hydrogen, formic acid/triethylamine
system, formic acid/a-phenethylamine system, formic acid/triphenylamine system, 2-
propanol, or the like. Among these, hydrogen is preferable.

20 [0132]

As the hydrogen pressure of the reaction, typically, the range from atmospheric
pressure to 100 atm is preferable, the range from atmospheric pressure to 10 atm is more
preferable, and atmospheric pressure is even more preferable.

[0133]

25 In the reaction, typically, it is preferable to use a solvent. Examples of the
solvent may include alcohols such as methanol, ethanol, tert-butyl alcohol, ethylene glycol
or diethylene glycol, water, cthers such as tetrahydrofuran, cyclopentyl methyl ether,
dioxane, dimethoxyethane or diglyme, aromatic hydrocarbons such as benzene, toluene or
xylene, hydrocarbons such as hexane, heptane or cyclohexane, or a mixture of these.

30  Among these, alcohols are preferable and ethanol is more preferable.

[0134]

As the reaction temperature, typically, the range from 0°C to the boiling point of
the solvent used is preferable, and the range from room temperature to the boiling point of

the solvent used is more preferable.
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Exanple 1 0.2 94.1 ND 5.7 88% Exanple 2 ND 95.6 ND 4.4 96% Conparati ve
Exanple 1 0.9 82.5 5.6 11.1 - Conparative Exanple 2 10.9 77.8 ND 11.2
Conparative Exanple 3 9.6 78.3 ND 12.1 -

[0135]

In addition, in order to prevent the decomposition of the product, an acid such as
sulfuric acid, hydrochloric acid, phosphoric acid, perchloric acid or trifluoroacetic acid, or
a base such as ammonia, pyridine, triethylamine, sodium hydroxide or potassium

5  hydroxide may be added. The addition of an acid is preferable and hydrochloric acid is
more preferable.

[0136]

I1I-2. A Case in which Protecting Group is Aralkoxycarbonyl Group or Alkoxycarbonyl
Group

10 In addition, for example, if the protecting group (PG') is an aralkoxycarbonyl
group such as a benzyloxycarbonyl group or an alkoxy'carbonyl group such as tert-
butoxycarbonyl group, the protecting group may be removed by an organic or inorganic
acid.

[0137]

15 Examples of the acid which may be used may include an inorganic acid such as
hydrochloric acid, sulfuric acid, hydrogen bromide, trifluoromethanesulfonic acid or
hydrogen iodide, or an organic acid such as acetic acid, trifluoroacetic acid,
trifluoromethanesulfonic acid or p-toluenesulfonic acid. Among these, hydrochloric acid
is preferable.

20 [0138]

In the reaction, typically, it is preferable to use a solvent. Examples of the
solvent may include water, methanol, ethanol, propanol, butanol, acetonitrile, dioxane,
dichloromethane, chloroform, N,N-dimethylformamide, dimethylsulfoxide, N-
methylpyrrolidone, sulfolane, methyl ethyl ketone, tetrahydropyran, N,N-

25  dimethylformamide, dimethylsulfoxide, N-methylpyrrolidone, sulfolane, methyl ethyl
ketone, tetrahydropyran, or a mixture of these, and among these, water is preferable.

[0139]

As the reaction temperature, typically, the range from 0°C to the boiling point of
the solvent used is preferable, and the range from room temperature to the boiling point of

30  the solvent used is more preferable.

Examples

[0140]
Next, the present invention will be described using Examples, however, the

35  present invention is not limited to these Examples.
[0141]
Incidentally, benzyl (35,4R)-3-(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-
carboxylate hydrochloride used as a raw material in Reference Examples 1 to 4 and benzyl
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ND: not detected [0175] 5As shown in Table 1, when a 2-nitrobenzenesul f onyl
group (Exanple 1) and a 4- nltrobenzenesulfonyl group (Exanple 2) were used
as the protecting group on the Nsubstituted-am no group [P& in the general
formula (1)], the reaction conpleted without the 3,4-elimnation conpound

bei ng observed at all, although the 4,5-elimnation corrpound was formed in

S Yo MR X e M T

conmpoundusadds & kv dalerial iInCaaparativecBxpaiad musral bnebéaeddecardmpeactlievel y.

ot noxy cdrBORY o geRin oAt e R B AR S eea. (e renct i on was

not 1500an et ¢0l2d an i ncrease of the anount of 4,5-elimnation conmpound
and @t hef, eI s observed as well. [0177] From t hese
resu tse(rlt vvagﬁtf)éoﬁ% that, when a mtrobenzenesulfonylpj&oup was used as

t he prot]%@tzbfh@Rg‘f%@r?ﬁh’@rqn-yghlb@rmffﬁ?%ew g lgupoeeyitn the gener al
formul a }( dxy %{ggih(ﬁn&ﬂcag}.dxmalf@tl on conpound, which was fornmed when a

benzyl grou ara was .used
armu%t gf 4p5 R %ﬁff&é@%ﬁ&@%ﬁ)%&lﬂ%&éﬁ%}@ ngnlgﬁﬁ”atef Waﬁ:gﬁd&g t‘?son
with thelschgeéss. Q)fnrmlhef bq:nzpl (éSt4|Rt)g3 @y clepspinmgomstegl)-Hinatrox gpyriotidinas f ound

t haii p & Q%ﬁg!n{yl\@g 'ilgdl%g 1' k@’ di (ﬁe Sahe 3}111 2 sodi fom hydr%%en caf%onat

- protect enzenésu ony am™no 4-fl uoropyrro

i di ne os@iutmat(w@lumubem@bf?a%ﬂs@ 14 rmph) gf sqdlemdwésﬂeenﬁeﬁbpﬁ%tewg optically

active afjidotJed R V4@ Baté YRgdddt 441894 BB°C under stirring.
nit robenzenes%f ?yl am nonet hyl ) - 4- hydr oxypyrrolidine using a fluorinating

agent. [0178] Hereinafter, in Table 2 to Table 4, the substrate
refers to benzydolution of 12.7 g of 2- mtrobenzenesulfonyl chloride in 30.0 mL of 1 2~

(3R 48 - Gt MoSYahapraRvlaall (RN 8 RENREOESUSRY L FITINPGBL fflolicdrly dr oxypy

ou
(3R, 4S) -sBurfig ﬁ:ry@lmprscqu}[l 103X The reactlon mlxture was extracted with 150 mL of

ni trobe ’}éﬁ ’1'5% A Q\Hi\ﬁ}- %ﬁﬁ%hﬁt,\’dr%us“rnéédé%ﬁps}{ﬂf’a@ WAl el 1F@E %Pg%tcaﬂaﬁer 5[0179]

HPLC (9 ‘ch'is calculated such that the total area percentage
(% of the sulE)%}l“ﬁbte the target conpound, and the 4,5-elimnation conpound
to be 100% Areaa cﬁ&&tlﬁ%eﬁhnﬁsi@iﬁteo\ﬂdmﬁﬁﬂﬁed(b%fﬂ(rﬁli(ﬁﬁan‘dahasﬁe@fmthach

2daE Bt om0 e BT et e IR TR A N AP Eolned gt e HLC
condl ti mscmlawd]mdbmdumdlprmew obtalﬁl Pavk £50 bemayl (4B HB t{hdhcyClqm‘Bny@OIO)
oDs- 3 1{[}%9
(sol ut| on?%\g ge%| ri bl ET tlycl)ﬂh "?’H‘%gy%mmgé %n%?\%t% %ga{e;acs) a{}te}']lg\%

A: sol uti®h B=60:40 (isocratic), detection wavel ength: 220 nm col um
t enper at ur e: ﬁgq,g flowrate: 1.0 niL/mn TLC conditions Silica gel 60, ethyl

acet,at e NRNRIESALLab PR 5: 0.53-0.77 (41, m), 3.42 (1H, dd, J=4.4, 19.5 Hz), 2.52-
2.67 (2H, m), 3.18-3.26 (2H, m), 3.36 (1H, ddd, J=4.6, 11.2, 11.5 Hz), 3.54 (1H, ddd,
J=9.0, 14.6, 23.9 Hz), 3.70-3.83 (2H, m), 4.29-4.39 (1H, m), 5.11-5.17 (2H, m), 7.29-7.39
(5H, m), 7.63-7.66 (1H, m), 7.68-7.76 (2H, m), 8.11-8,17 (1H, m).
[0146]

30  HPLC relative purity: 96.6% (RT: 4.74 min), column: Inertsil ODS-3, 4.6 mmx150 mm,
pre-column: Inertsil ODS-3, 4.0 mmx» 10 mm, mobile phase: diluted phosphoric acid (1 in
1,000) (solution A), acetonitrile (solution B), 0 to 20 minutes; solution A:solution B=50:50
(isocratic), detection wavelength: 220 nm, column temperature: 30°C, flow rate: 1.0
mL/min

35 [0147]

Incidentally, the solution A was prepared by diluting phosphoric acid 1,000 times
with distilled water used for HPLC. (The “solution A” in the present specification means

an aqueous solution of phosphoric acid prepared in the same way.)
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20( Exanples 3 to 7) Benzyl

(3R, 4R) - 3- (N-cycl opropyl - N- (2-ni trobenzenesul f onyeam nonet hyl ) - 4-

hydr oxypyrrolidine- 1 -carboxylate was dissolved in the solvent listed in
Table 2 (10-fold amount). The base listed in Table 2 (1.5 equival ents) and
a fluorinating agent (nonafluorobutane-|-sulfonyl fluoride, 1.5

equi val ent s) mere sequentlally added thereto, 25followed by stirring for 2
hours at 25C. 8C neasurenent of this reaction mixture was performed. The

Eg;ygks gx&m@@&a ldapl e 2.2 [0182L (Cbnpar?tive Exanples 4 to 6) Benzyl
Ohydr oiy%&%@mﬁﬁﬁ el R R L EM AR D st o i n

Tabl e 2 KylBo:fypltoldineitiarboidytatbase |isted in Table 2 (1.5 equival ents) and

a f1dori nating BAsHy 53 Qg@%{e]k%%&ggﬁ@@g#adég W PP (B'oﬁgﬁ;gﬂs@f%e sl

equi val ents) were tirrrng for 2
hours at(383®)- wmomm:mmthmh ‘ehydsaxsmiyoilidoai ltearbonyl fﬁ? hydrecldprigen s

reactiong %?eﬁ%@nevﬁ?nep &id 9 Eéfﬁﬁ‘m h?ﬁﬁ)g@ﬁ §Mjb5§at@§(ﬁu§&9 olttiohaR khich 0.640183]
Table 2 ol ven C (9%

ConpoundE ERRHbIE hDEL (EPRTHEYE: givglver g 19 gﬁgp@wj%@&ﬁ&gﬂﬂ i mi nati on

stirring.
10 [0149}

A solution of 0.848 g (3.83 mmol) of 4-nitrobenzenesulfonyl chloride in 2.00 mL
of 1,2-dimethoxyethane was added dropwise to the reaction mixture, followed by stirring
for 2 hours at 40 to 45°C.  The reaction mixture was extracted with 10.0 mL of tert-butyl
methyl ether, the organic layer was separated, and then, anhydrous magnesium sulfate was

15  added thereto.

f0150]

The anhydrous magnesium sulfate was separated by filtration and washed with
5.00 mL of tert-butyl methyl ether. The filtrate and the washing were combined and
concentrated under reduced pressure. The residue was purified by silica gel column

20  chromatography [SiO;, n-hexane/ethyl acetate/acetone=1/2/1 (v/v)] to obtain 1.65 g of
benzyl (3R,4R)-3-(N-cyclopropyl-N-(4-nitrobenzenesulfonyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate as a colorless oil.

[0151]

TH-NMR (CDCl3, 400 MHz) &: 0.73-0.97 (4H, m), 2.05-2.12 (1H, m), 2.24 (1H, dd, J=4.3,

25 174 Hz), 2.56-2.66 (1H, m), 3.02 (1H, ddd, J=7.3, 14.3, 16.5 HZ), 3.17-3.45 (3H, m), 3.67-
3.82 (2H, m), 4.25-4.37 (1H, m), 5.14 (2H, ), 7.26-7.39 (5H, m), 8.00-8.04 (2H, m), 8.38
(2H, dd, J=3.1, 8.5 Hz).

[0152]

HPLC relative purity: 96.2% (RT: 4.77 min), column: Inertsil ODS-3, 4.6 mmx=150 mm,

30  pre-column: Inertsil ODS-3, 4.0 mmx10 mm, mobile phase: diluted phosphoric acid (1 in
1,000) (solution A), acetonitrile (solution B), 0 to 20 minutes; solution A:solution B=50:50
(isocratic), detection wavelength: 220 nm, column temperature: 30°C, flow rate: 1.0
mL/min

[0153]

35  (Reference Example 3)
Benzyl (3R,4R)-3-((N-tert-butoxycarbonyl-N-cyclopropyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate
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ND 84.0 16.0 Exanple 4 TMG tol uene ND 92.7 7.
"Pr2NEt tol uene NT Conparative Exanple 5 2,4
Conpar ati ve Exanpl e 6 DABCO tol uene 28.0 4
7.4

92.6

10

15

20

25

30

35

3 Conparative Exanple 4
,4,6- collidine toluene NT
4.2 27.9 Exanple 5 DBU DVE ND

10.0 mL of tetrahydrofuran was added to 1.00 g (3.06 mmol) of benzyl (35,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine- 1 -carboxylate hydrochloride to suspend
the same, and a sodium hydrogen carbonate solution (a solution in which 0.643 g of
sodium hydrogen carbonate was dissolved in 10.0 mL of water) was added under stirring.

[0154]

0.735 g of di-tert-butyl dicarbonate was added dropwise to the reaction mixture,
followed by stirring for 2 hours at room temperature. The reaction mixture was extracted
with 20.0 mL of ethyl acetate and 20.0 mL of saturated brine, the organic layer was
separated, and then, anhydrous magnesium sulfate was added thereto. The anhydrous
magnesium sulfate was separated by filiration and washed with 10.0 mL of ethyl acetate.

[0155]

The filtrate and the washing were combined and concentrated under reduced
pressure to obtain 1.21 g of benzyl (3R,4R)-3-((N-tert-butoxycarbonyl-N-
cyclopropyl)aminomethyl)-4-hydroxypyrrolidine-1-carboxylate as a colorless oil.

[0156]

'H-NMR (CDCls, 400 MHz) 8: 0.56-0.65 (2H, m), 0.73-0.79 (2H, m), 1.40-1.49 (9H, m),
2.22-2.37 (1H, m), 2.50-2.57 (1H, m), 3.13-3.41 (4H, m), 3.65-3.82 (2H, m), 4.08-4.15
(1H, m), 5.09-5.16 (2H, m)}, 7.27-7.40 (5H, m).

[0157]

HPLC relative purity: 98.1% (RT: 5.22 min), column: Inertsil ODS-3, 4.6 mm>150 mm,
pre-column: Inertsil ODS-3, 4.0 mmx10 mm, mobile phase: diluted phosphoric acid (1 in
1,000) (solution A), acetonitrile (solution B), 0 to 20 minutes; solution A:solution B=60:40
(isocratic), detection wavelength: 210 nm, column temperature: 30°C, flow rate: 1.0
mL/min

[0158]

(Reference Example 4)
Benzyl (3R,4R)-3-((N-cyclopropyl-N-ethoxycarbonyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate

10.0 mL of tetrahydrofuran was added to 1.00 g (3.06 mmol) of benzyl (35,4R)-3-
(cyclopropylaminomethyl)-4-hydroxypyrrolidine-1-carboxylate hydrochloride to suspend
the same, and a sodium hydrogen carbonate solution (a solution in which 0.643 g of
sodium hydrogen carbonate was dissolved in 10.0 mL of water) was added under stirring.

[0159]

0.366 mL of ethyl chloroformate was added dropwise to the reaction mixture,
followed by stirring for 2 hours at 40 to 43°C.  The reaction mixture was extracted with
10.0 mL of ethyl acetate, the organic layer was separated, and anhydrous magnesium
sulfate was added thereto. The anhydrous magnesium sulfate was separated by filtration

and washed with 5.0 mL of ethyl acetate.
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Exanpl e 6 DBU CH2C12 ND 89.7 10.2 Exanple 7 DBU 'PrOAc 3.3 92.6 5.1 ND:
not detected NT: It was confirnmed by TLC that the reaction did not proceed,
so HPLC neasurenent 5 was not perforned [0184] As shown in Table 2, the
reacti on al so proceeded when 1, 8- di azabi cycl o[ 5. 4. 0] undec-7-ene (Exanple
1), 1,5-diazabicycl o[ 4.3.0]non-5-ene (Exanple 3) and
1,1,3,3-tetranethﬁlguanidine (Exanple 4) were used as the base. On the

ot her 10hand di i sopropyl et hyl am ne (Conparative Exanple 4) and

2,4, 6-col | idi me(FompeanadihdRadikaiRee c5ﬁ1bi&4%ﬂ%n&l§@1€hentrhl@d e@Gtrbdmnedi d not

proceed 0185] I n.addjti dj . 2. 2] oct ane

( Conpar al?‘lg e\%@é’r‘?{ﬁ“éqg))(’ &&gbeﬂmgcfgf{t“ﬁé @Z(E ‘i’/@'i ot conpl et e, and t he
anount  oéthdxyradbhyi)arainoartydrphydaxymardidiieghtcdboaylateyss arwoloelased]. |
conpari son wmgglé@e case in which 1, 8- diazabicycl o[ 5. 4. 0] undec- 7- ene
(Exanpl e, 1) [ 0186] From t hese results, it was found that by
fluori na{H~WRh@D&HﬁBQMH¥)e§3rOe@eQﬁ862%WI ﬁe75g‘éﬁ%(%lﬂ hprimA-h3Z GHaen)i t' s

enanti o | g_qrg ] 220gpanpoliang
struct ug%g;g&;tgr[g}ﬁ Hﬁ 25 1%1%??%52&%@%@0%5%;@& ocggd g%g t he

f1 uori nat3 ?bﬁl)r%égﬁ’&n@@aﬁl)bezégnﬂ &) therefore, by-production of the
4, 5-elimnati¢gmapnpound can be suppressed.

10  HPLC relative purity: 98.6% (RT: 3.43 min), column: Inertsil ODS-3, 4,6 mmx150 mm,
pre-column: Inertsil ODS-3, 4.0 mmx10 mm, mobile phase: diluted phospheric acid (1 in
1,000) (solution A), acetonitrile (solution B), 0 to 20 minutes; solution A:solution B=60:40
(isocratic), detection wavelength: 210 nm, column temperature: 30°C, flow rate: 1.0
mL/min

15 [0163]

(Example 1)

Benzyl (3 R,4R)—3-(N -cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
hydroxypyrrolidine- I -carboxylate was dissolved in a solvent (toluene, 10-fold amount), a
base (DBU, 1.5 equivalents) and a fluorinating agent (nonafluorobutane-1-sulfonyl

20 fluoride, 1.5 equivalents) were sequentially added thereto, followed by stirring for 2 hours
at 25°C. HPLC measurement of this reaction mixture was performed. The results are
shown in Table 1.

[0164]

(Example 2)

25 The reaction was carried out in the same manner as that of Example 1, using
benzyl (3R,4R)-3-(N-cyclopropyl-N-(4-nitrobenzenesulfonyl)Jaminomethyl)-4-
hydroxypyrrolidine-1-carboxylate as the substrate, and HPLC measurement of this reaction
mixture was performed. The results are shown in Table 1.

[0165]

30  (Comparative Example 1)

The reaction was carried out in the same manner as that of Example 1, using
benzyl (38,4R)-3-((N-benzyl-N-cyclopropylyaminomethyl)-4-hydroxypyrrolidine-1-
carboxylate as the substrate, and HPL.C measurement of this reaction mixture was
performed. The results are shown in Table 1.

35 [0166]

(Comparative Example 2)

The reaction was carried out in the same manner as that of Example 1, using

benzyl (3R,4R)-3-(N-cyclopropyl-N-(tert-butoxycarbonyl)aminomethyl)-4-
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[0187] The reaction al so proceeded when tol uene (Exanple 1),

1, 2-di net hoxyet hane (Exanpl e 5), dichloronethane (Exanple 6), and i sopropyl
acetate (Exanple 7) were used as the solvent, however, the reaction was not
conpl ete when isopropyl acetate (Exanple 7) was used. In addition, it was
found that, when tol uene (Exarrpl e 1) was used, the yield of 5the target
conpound s hi in co son with those anples 5 to.7.and the
amount  ofYgX g‘élh@f’?d 2 c”‘ty eﬁ%&é\%sﬁqaﬁawcgﬁpgéﬁﬂ%H@%@% |TFactipy 1 gg)
From t heﬁlmﬁﬁs;udstp%rforrhed/.vaﬁﬁeeﬂmitstafheshomliﬂ&"ﬁble 11, 2- di met hoxyet hane or

di chl or onet haqﬁéi preferable as the solvent used in the fluorination
reaction, and ]0 uene 1 Ois nore preferable. [0189] (Exanples 8 to 11)
Benzyl (@RnRyatBeBxaoydd Hpr opyl - N- (2- ni trobenzenesul f onyl ) am nonet hyl ) - 4-

hydr gxypyrrol 'ﬁl @@acna%v&@rca%woam 1(4@§an% &ﬁ%\f%@ltﬂa@omkaﬁa@ il asnt@e sol vent

amount || sted equi val ent s)

f1 uori nabsngyl M) 3(f@n@f%RS?@BIN’&ﬂ’@KYQM‘%QﬂY%SWOI’W%P e, 1 5 equi val ent s)
were se &}k)@y{'rﬁll@lﬂgﬂdcafrﬂi@{yﬁi@as thelhiwae, M HPLChagufeaienlohisrSactibnt he

oD et G IR S, Of (1o neEClon o uwe
Amount (v/w) Temsgrature (C) HPLC (% Substrate Target Conpound
4, 5‘1%' i m nati R TERER PHPEC%@L%aIJae Hidis calculated such that the total area
percentage (%) of the substrate, the target compound, the 3,4-elimination compound, and
the 4,5-elimination compound to be 100%.
[0169]
Area percentage of each component (%)=(area value of each component)/(total area value
15  of each component)x100
[0170]
For those in which an isolated yield of the target compound was obtained, the
yields are listed in the remarks column. In addition, the measurement conditions of
HPLC used are as follows.
20 [0171]
HPLC measurement conditions of Example 1 and Example 2
Column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx>10 mm,
mobile phase: diluted phosphoric acid (1 in 1,000) (solution A), acetonitrile (solution B), 0
to 20 minutes; solution A:solution B=60:40 (isocratic), detection wavelength: 220 nm,
25  column temperature; 30°C, flow rate: 1.0 mL/min
[0172]
HPLC measurement conditions of Comparative Example 1
Column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mm>10 mm,
mobile phase: diluted phosphoric acid containing 5 mmol/L octanesulfonic acid (1 in
30 1,000) (solution A}, acetonitrile (solution B), 0 to 40 minutes; solution A:solution B=65:35
(isocratic), detection wavelength: 210 nm, column temperature: 40°C, flow rate: 1.0
ml./min
[0173]
HPLC measurement conditions of Comparative Example 2 and Comparative Example 3
35  Column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx10 mm,
mobile phase: diluted phosphoric acid (1 in 1,000) (solution A), acetonitrile (solution B), 0
to 20 minutes; solution A:solution B=60:40 (isocratic), detection wavelength: 210 nm,

column temperature: 30°C, flow rate: 1.0 mL/min
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0.2 94.1 5.7 Exanple 8 10 5 ND 95.7 4.3 Exanple 9 5 5 ND 94.8 5.2 Exanple
10 20 5 ND 98.2 1.8 Exanple 11 40 5 31.9 67.0 1.1 ND: not detected [0191]
As shown in Table 3, as a result of the exam nation of reaction
tenperature, suppression of the formati on of the 4,5-elimnation conpound
was observed at 5C 25(Exanple 8), in conparison with the case of 25C
(Exanple 1). Fé%t hese results, it was found that by setting the reaction
t enperature of’tH& 1 uorination reaction to be 10C

[Table 1]
HPLC (%)
Target 3,4-Elimination | 4,5-Elimination | Remarks
Substrate
Compound Compound Compound
Example | 0.2 94.1 ND 5.7 88%
Example 2 ND 95.6 ND 4.4 96%
Comparative
0.9 82.5 5.6 1.1 -
Example 1
Comparative
10.9 77.8 ND 11.2 -
Example 2
Comparative
9.6 78.3 ND 12.1 -
Example 3
ND: not detected
[0175]
5 As shown in Table 1, when a 2-nitrobenzenesulfony! group (Example 1) and a 4-

nitrobenzenesulfonyl group (Example 2) were used as the protecting group on the N-
substituted-amino group [PG? in the general formula (1)], the reaction completed without
the 3,4-elimination compound being observed at all, although the 4,5-elimination
compound was formed in small amounts,

10 [0176]

On the other hand, when a benzyl group (Comparative Example 1) was used, the
amounts of the 3,4-elimination compound and the 4,5-elimination compound were
increased, respectively. When a tert-butoxycarbonyl group (Comparative Example 2) and
an ethoxycarbonyl group (Comparative Example 3) were used, the reaction was not

15  complete and an increase of the amount of 4,5-elimination compound and other impurities
was observed as well.

[0177]

From these results, it was found that, when a nitrobenzenesulfonyl group was used
as the protecting group on the N-substituted-amino group [PG? in the general formula (1)],

20  the 3,4-elimination compound, which was formed when a benzyl group (Comparative
Example 1) was used, was not formed, and the amount of 4,5-elimination compound
formed was also small, in comparison with the cases of other protecting groups being used.
That is, it was found that, a highly pure optically active syn-1-protected-3-(N-substituted-
N-nitrobenzenesulfonylaminomethyl}-4-fluoropyrrolidine derivative may be obtained in

25  high yield by fluorinating optically active anti-1-protected-3-(N-substituted-N-
nitrobenzenesulfonylaminomethyl)-4-hydroxypyrrolidine using a fluorinating agent.

{0178]
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or | ess, by-production of the 4,5-elimnation conpound may be effectively
suppressed. [0192] In addition, as a result of the exam nation of sol vent
anount, suppression of the 30formation of the 4,5-elimnation conpound was
observed when the anount of the solvent was increased to 20-fold anount
(Exanmpl e 10) and 40-fold amount (Exanple 11), in conparison with the case

of 10-fold ampunt, (Exampl e, 8). the other hand, if th n f the
sol vent was détFas »mJagler%WOdT%l?o‘ﬂme Hipf er@)t?[’%i‘”éfﬁg’%”éf ease of
t Ee for n@hldp]lcfbp?/ﬂ-hN-(B%n?ﬂdbﬁilmééuﬁgnﬁl?m?iﬁuméth%&-bhﬁekmdrolildi’nea‘dﬂi ti onl, dwhfen
t he anount, of bt he,solvent was - noun 1 t jeld o
the car qarbEsiAiodnt s ek atBa e A b TR e oo iR 8% 61
anount (ikcabgizenekG)fonsl BibdB8dmEthphnd: fhemepyradidines| -carbowplstef ound that, in the
fl uori nation r@la?@lt]i on of the conpound represented by the general fornula
(6) or it's enantioner, the target conmpound can be 10 obtained in high
yield al ong wiiiHGebbisia bbb clsiiel 11e8 (b7 It i Grgroshiagh Lonols:

el i m natwe @ummpm@dargyt dépheind dmdttRe 25-elialifhtmeiipoahd tdise s@oyent with

;ﬁgﬁ{ Id Otéqf:% ?_)F@%gtggg % %@&F;}%B%l%égc?r}t z'%ﬁg()é%gggi u%eo?%arlceﬂ cofn(l)};o%%illt%/(t(o?gl a?era Vlaltues
(3R 4R) -d-cadth eompaenopydo N- ( 2- ni t r obenzenesul f onypam nonet hyl ) - 4-
hyd?%xypyrrol i‘?ﬂg%i- 1- carboxyl ate was dissolved in a solvent (tol uene,

ol d armum[ ) base (DBU, 1.5 equival ents) was added, after cooling to
5C, a fluori n&t addjtienyentasyremedecaaflitions ohBRERend T L(s ysadomsre 28 fallsivisde, 1.5
equi val epgps) Weduagdded, followed by stirring for 2 hours at the sane

tenperature. HPLC neasurenment of this reagtion m Xx 2 Oper f or ned.
The resdurlumg; Wegpb iS4 %mréx 0 fpéwserﬂf‘@%a' F@Slﬁéﬁes-gﬂfa‘*sfo m@gf‘?z@%
(3R, 4R) -Botild- shsd: ARy hobpHozicnicidr (0 e n peapGulution W) @uetondibd (sylu)iedB), 0

hydr oxypyr.rol. di ne- 1-carboxyl.at g _wa i ssolved. in a solvent . ene,

20- 151 o S e oL St B-4530 BB el o Bl AP b "o f ng
to 5C, aolummtemyetiatmg: 30fEhtlophrpt ddewbfthinor ooct ane- 1 -sul fonyl fluoride, 1.5
equi val efﬁéh”ﬁ%ﬁ%%ddem foll owed by stirring for 2 hours at the sane

t enper at ure. measurenment of this reaction m xture was perfornmed. The
resul ts SHea ghQnethyf apgigfeen-hexqngTdd] 30 (Conparative Exanple 7)

Benzyl (3R 4Rjgi31{N-cycl opropyl - N-(2-ni trobenzenesul fonyl ) an nonet hyl ) - 4-
hydr xyp(érrolf[ed' ne-,fﬁ)-car boxyl ate was dissolved in a solvent (toluene,

20- £01 d &HYIRLS 2 A ’base (DBU, 1.5 equival ents) was added, after cooling to
5C, a fluori nBennd (3RER)-3(MN-olcdepepyil N gPrpitrdHenpamiesid fony])Bmarpmetialpht s) was

esul t s SOLSURGRLL IR s g eI RRE LTI SRS (op

amount). The base listed in Table 2 (1.5 equivalents) and a fluorinating agent

(nonafluorobutane-1-sulfonyl fluoride, 1.5 equivalents) were sequentially added thereto,
25  followed by stirring for 2 hours at 25°C. HPLC measurement of this reaction mixture
was performed. The results are shown in Table 2.
[0182]
(Comparative Examples 4 to 6)
Benzyl (3R,4R)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
30 hydroxypyrrolidine-1-carboxylate was dissolved in the solvent listed in Table 2 (10-fold
amount). The base listed in Table 2 (1.5 equivalents) and a fluorinating agent
(nonafluorobutane-1-sulfonyl fluoride, 1.5 equivalents) were sequentially added thereto,
followed by stirring for 2 hours at 25°C. HPLC measurement or a reaction monitoring by
TLC of this reaction mixture was performed. The results are shown in Table 2.
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Substrate Target Conpound 4, 5-Elimnation Conpound 1.8 Exanple 10 C4F9S02F
ND 98.2 Exanple 12 C6F13S02F ND 97.0 2.9 Exanple 13 C8F17S02F 0.3 94.7 5.0
Conparative Exanple 7 p-Tol SO2F NT ND: not detected NT: It was confirned
by TLC that the reaction did not proceed, so HPLC neasurenment 5 was not
performed [0198] Wen tridecafl uorohexane-I|-sul fonyl fluoride (Exanple 12)
and hept adecaf | uorooct ane-1-sul fonyl fluoride (Exanple 13) were used as the
fluorinating

[Table 2]
HPLC (%)
Base Solvent Target 4,5-Elimination
Substrate
Compound Compound
Example 1 DBU toluene 0.2 94.1 5.7
Example 3 DBN toluene ND 84.0 16.0
Example 4 TMG toluene ND 92.7 7.3
Comparative i
Pr,NEt toluene NT
Example 4
Comparative 2,4,6-
. toluene , NT
Example 5 collidine
Comparative
DABCO toluene 28.0 44.2 27.9
Example 6 ‘
Example 5 DBU DME ND 92.6 7.4
Example 6 DBU CH,Ch ND 89.7 10.2
Example 7 DBU 'PrOAc 3.3 92.6 5.1

ND: not detected
NT: It was confirmed by TLC that the reaction did not proceed, so HPLC measurement
5  was not performed
[0184]
As shown in Table 2, the reaction also proceeded when 1,8-
diazabicyclo[5.4.0Jundec-7-ene (Example 1), 1,5-diazabicyclo[4.3.0]non-5-ene (Example
3) and 1,1,3,3-tetramethylguanidine (Example 4) were used as the base. On the other
10  hand, when diisopropylethylamine (Comparative Example 4) and 2,4,6-collidine
(Comparative Example 5) were used, the reaction did not proceed.
[0185]
In addition, when 1,4-diazabicyclo{2.2.2]octane {(Comparative Example 6) was
used, the reaction was not complete, and the amount of 4,5-elimination compound was
15  significantly increased, in comparison with the case in which 1,8-
diazabicyclo[5.4.0lundec-7-ene (Example 1) was used.
[0186]
From these resuits, it was found that by fluorinating the compound represented by
the general formula (6) or it’s enantiomer using the organic base having an amidine or
20  guanidine structure as the base, the fluorination reaction can proceed and the fluorination
reaction can be completed, therefore, by-production of the 4,5-elimination compound can
be suppressed.
[0187]
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agent, alnost the same results were obtained, in conparison with a case of
10nonaf | uor obut ane-1-sul fonyl fluoride (Exanple 10). On the other hand,
when p- toluenesul fonyl fluoride (Conparative Exanple 7) which is not a
nucl eophilic fluorinating agent was used, the reaction did not proceed.
[0199] Hereinafter, in Table 5 to Table 8, HPLC (% is an area percentage
(% of the 15target .conpound

(3S, 4S) - 3- (cyéf%s&f’&tﬂgma ﬁm@?q?m‘th tpluges Gpyredt Dail fedimethoxy 5833 ate) at
the end (@‘xaﬁﬂpe ﬁe@t@hlbman&tb&r&r(@xmbu@@fdl ivgstopyl @mtaﬂaeEmhylerm wiege wod r ect ed

f F te | f th
obt i ned ERE PR et Al bR e bRAT s SATPRERE T e
condi t i owss wkd. HP]ncad&ittd)nTlI@assfemd/\kme whisn fdlidngExargple02 06k ubil, Geqdeidiof i ons

10 ' e e mRaEve o baitalll PRETER, UG SRR L o ).

acet oni t¢m¢@t ngY'thdGﬁtlfB) Of@eﬁé @Oﬂlﬁﬁmﬁ Wp%ﬂﬁtﬁséﬁlaﬂ sol uti on B=82:18

(isocratic), 16gsp 30 minutes; solution 25A sol ution B82 18 --> 20:80
(l'inear gradien det ec ion vva el h: 215 C er ature: 30C,
flow rate: %w%ﬂmsaresuts P wpo50eg T gl GmERe oG G0 ot hy)

acet ate: chelttevomaeheaeeﬁ praferdbl2 as the36[vOR20REd 1r(tﬂ§)&é}mphnatﬂ041)react10n ancBehmgt&
(3R 68) 1§rr((1Né %r Eopyl N-(2-ni trobenzenesul f onyHam nomet hyl ) - 4-

fl uor opyfro -car boxyl ate was dissolved in a sol vent

(N, N-di et hyl 1[Q)1r3r9ﬁ1m de, 5- fold anmount). A thiol (thioglycolic acid, 2
equi valjéo(@%j(ﬁlﬁﬁggt@lp)ase (I'ithium hydroxi d]e Sm)nﬁhydrat e, 5 equivalents)
wer e added t her et 0 stirrin or, 2 hour 25C.

A sodi um hydr 5‘@@ 68&&?@gzs%trpaﬂ-%g-né%a@naﬂ#ﬁtny %W%}ngxt ure,
foll Om%}ﬁYOx@p?frﬂlﬁdlh@m antdxyRitdwhs diegileddein tdlndydn ehssaledit ditosnd Hsadddn was

add t or gani ¢ rand. i owed..to stand a te erature
For T8eveFRi hous BRARERY T 5 0 uikm Bs AR e o f Dn R uE BT TP o L)
filtratiwdoardlumisheds witiMalentsyergcequensally hddeflitharetat &)llamdtbméstlmtfphg wer e
conbi ned (ﬂﬁlgatct ‘?xgﬁet'a@tﬁt%qts%qﬁﬁ"aﬁ%@uc%mf ﬁt%§éiﬁ‘&nerﬁ%@ltw bacliBisuiagent of
t he concentrate tance obtai ne formed. The results are shown in
Tabl e 5. wisgzoleymad( Ehersrdispsg Showana{ﬂ’?é reaction was carried out in the
sane manner a 1t9b§1t of Exanple 14, using the solvent (5-fold am)unt) and
thng gﬁa §?U| valents) listed in Table 5. The results are shown in Table

Ref-erence—Examrples—5to0-6) The-react+-on—was—ear+ ed
out in the sane nanivas ttat of Exaan e 14, usingiPilke(%pl vent (5-folld
amount )| and the bas g qui VEMEREEYC| i gt ed i1 Tapl5e> [Neseshid2]e
shown ijn Tabl e 5. Tabl e (%) ’

(viw) Compound Compound
Example 1 10 25 0.2 94.1 5.7
Example 8 10 5 ND 95.7 4.3
Example 9 5 5 ND 94.8 5.2
Example 10 20 5 ND 98.2 1.8
Example 11 40 5 31.9 67.0 I.1

ND: not detected
[0191]
As shown in Table 3, as a result of the examination of reaction temperature,
suppression of the formation of the 4,5-elimination compound was observed at 5°C
25  (Example 8), in comparison with the case of 25°C (Example 1). From these results, it
was found that by setting the reaction temperature of the fluorination reaction to be 10°C
or less, by-production of the 4,5-elimination compound may be effectively suppressed.
[0192]
In addition, as a result of the examination of solvent amount, suppression of the

30  formation of the 4,5-elimination compound was observed when the amount of the solvent
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Thi ol Sol vent Base HPLC (% - Renmar ks Exanpl e 14 HSCH2CO2H DMVF Li OH. H20 88
72% Exanpl e 15 HSCH2CO2H DMF CsOH. H20 NT It was confirmed by TLC that the
reaction proceeded. Byproducts were fornmed, so HPLC nmeasurenent was nhot

performed. It was confirmed by TLC that the reaction did not proceed, so
HPLC neasurenent was not perforned. Reference Exanple 5 HSCH2CO2H acet one

Li OH. H20

10

15

20

25

30

35

was increased to 20-fold amount (Example 10) and 40-fold amount (Example 11), in
comparison with the case of 10-fold amount (Example 8). On the other hand, if the
amount of the solvent was decreased to 5-fold amount (Example 9), a slight increase of the
formation of the elimination compound was observed. In addition, when the amount of
the solvent was 40-fold amount (Example 11), the yield of the target compound was
reduced, in comparison with the case of 20-fold amount (Example 10).

[0193]

From these results, it was found that, in the fluorination reaction of the compound
represented by the general formula (6) or it’s enantiomer, the target compound can be
obtained in high yield along with effectively suppressing the by-production of the 4,5-
elimination compound by using 15- to 25-fold amount of the solvent with regard to the
compound represented by the general formula (6) or it’s enantiomer.

[0194]

(Example 12)

Benzyl (3R,4R)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl}aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate was dissolved in a solvent (toluene, 20-fold amount).
Abase (DBU, 1.5 equivalents) was added, after cooling to 5°C, a fluorinating agent
(tridecafluorohexane-1-sulfonyl fluoride, 1.5 equivalents) was added, followed by stirring
for 2 hours at the same temperature. HPLC measurement of this reaction mixture was
performed. The results are shown in Table 4.

[0195]

(Example 13)

Benzyl (3R,4R)-3-(N-cyclopropyl-N-(2-nitrobenzenesul fonyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate was dissolved in a solvent (toluene, 20-fold amount).
Abase (DBU, 1.5 equivalents) was added, after cooling to 5°C, a fluorinating agent
(heptadecafluorooctane-1-sulfonyl fluoride, 1.5 equivalents) was added, followed by
stirring for 2 hours at the same temperature. HPLC measurement of this reaction mixture
was performed. The results are shown in Table 4.

[0196]

{(Comparative Example 7)

Benzyl (3R,4R)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate was dissolved in a solvent (toluene, 20-fold amount).

A base (DBU, 1.5 equivalents) was added, after cooling to 5°C, a fluorinating agent (p-
toluenesulfonyl fluoride, 1.5 equivalents) was added, followed by stirring for 2 hours at the

same temperature. The results are shown in Table 4.
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NT Reference Exanmple 6 HSCH2CO2H CH3C N Li OH. H20 NT It was confirmed by
TLC that the reaction did not proceed, so HPLC neasurenent was not
performed. NT: not tested [0207] 5In Table 5, the exam nation results for
the cases in which thioglycolic acid was used as the thiol conpound in the
reaction of deprotecting the protecting group on the am no group of the
conpound repr @Hﬁ@ed by the general formula (7) or it's enantiomer using

t he thi ol ng and the base are summari zed. [0208] 10As shown in Table
5, the tﬁh@em]conpound was able to be obtained by carrying out the reaction
in DMF using Ti1thium hydroxi de nbnohydrate as tEﬁ’Qﬁ l(Exanple 14). On the
other hand, when the r@aglihfmeas—ear+ed—eut——HM g-eestumhye oxi de
nmonohydrate as the base, .the reacti Gubgrabzeeded dﬁﬁgﬁugh h 4yBliméhation (a
reduction conpound of th@gﬁ}tro group) vas formed (Exampl & 18)y,,bhihd

addi t i op;—whern—acetorne—15(Reference—Exanpte—%)—or—acetonrtrite \I'(EI ergnce

Exanpl e Byampde 10sed | as GheS@dl vent . t M reacti on #BE not _procedd [0209]

Fromt h%ﬁﬂgﬁélﬁt S, |i nddaﬁsggprot ecti g react/i on, gstg was found 2{¢1at , When

t hi ogl y[c s—used_as_thethrgt_conmpound,; ~using an alkal i netal

hydr oxi (dexaple hd  hase CabaS@eBf et abl €03 n additi o474t was foundthat | when
t he al ka(témgﬁgﬁl,e hydrog,rplﬂs@%s used as the base, ugiTng an am de sol vent as
t he solpyp Eix S_prefera 210] (Exanple 16) 5Benzyl

(3R, 49)k m \IPI opropyl - I\L (2-nitrobenzenesulfonyBannoret-hyl)—4

Iyl
fIuoropwﬂDohmdknﬁwﬂ-carboxylate was di ssolved in a sol vent

(N, N-di If0| amunt
equi val reﬁﬁiq}/ 51?180 Y%Iréﬁ?agﬁ%ehy r(()z'éldtfiohérnr’;j otlﬁe((gi’r aﬂfﬂﬁ;%{g"%‘;}%@%ents) wer e
added thewﬂnmpeﬂbmh%ﬁter stirring for 2 hours at 25C, the tenperature was .
rai sed, followﬁ@g?y stirring for 2 hours at 50C

g

When tridecafluorohexane-1-sulfonyl fluoride (Example 12) and
heptadecafluorooctane-1-sulfonyl fluoride (Example 13) were used as the fluorinating
agent, almost the same results were obtained, in comparison with a case of

10 nonafluorobutane-1-sulfonyl fluoride (Example 10). On the other hand, when p-
toluenesulfonyl fluoride (Comparative Example 7) which is not a nucleophilic fluorinating
agent was used, the reaction did not proceed. |

[0199]

Hereinafier, in Table 5 to Table 8, HPLC (%) is an area percentage (%) of the

15  target compound (benzyl (3S,48)-3-(cyclopropylaminomethyl)-4-fluoropyrrolidine-1-
carboxylate) at the end of the reaction (blank value derived from the solvent is corrected
for). TFor those in which an isolated yield of the target compound was obtained, the yields
are listed in the remarks column. In addition, the conditions of HPLC and TL.C used were
as follows.

20 [0200]

HPLC conditions

Column: Inertsil ODS-3, 4.6 mmx150 mm, pre-column: Inertsil ODS-3, 4.0 mmx10 mm,
mobile phase: diluted phosphoric acid (I in 1,000} (solution A), acetonitrile (solution B), 0
to 10 minutes; solution A:solution B=82:18 (isocratic), 10 to 30 minutes; solution

25  A:solution B=82:18 — 20:80 (linear gradient), detection wavelength: 215 nm, column
temperature: 30°C, flow rate: 1.0 mL/min

[0201]

TL.C conditions
Silica gel 60, ethyl acetate:n-hexane:acetone=1:2:1
30 [0202]
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10[ 0211] Et hyl acetate was added to this reaction m xture and,

foll owed by extraction with 3 nol/L hydrochloric acid. After the aqueous

| ayer was made to be basic by addi ng sodi um hydroxi de sol ution, followed by
extraction with ethyl acetate. Anhydrous sodium sul fate was added to the
organic layer and it was allowed to stand at roomtenperature for severa

15 hours. After the anhydrous sodium sul fate was separated by filtration
and masHEBm%PFH-éthyl acetate, the filtrate and the washi ng were conbi ned,

and concentr aB@ﬁ‘zﬂ myﬂmsysmeﬁlwf@@amm nmelhﬁh&ummmmmeﬂm) 4-he

_(I:_ggf::n%r %(ggﬂ%% ggﬁp)éﬁgt%?}{rjaﬁgasigl)%eé ina ﬁv%@&l dlme"{hyl?or%{a?mg h('S)Wn Ln
(3R, 45) fB}c(dﬁacnmo:)l opﬂr iyl (tHib] Pecrhictacolh 2 rgeinalsulsT amlBaask fotirtoh ydrogide

quoropy I trile,
5- fo d al%lﬁon ?Ila&l’ qﬁﬁ; Rﬁ%%@gee%&c%%?\t/ %ﬁ?ﬂ gﬁ&gﬁ%ﬂ}é@bﬁﬁ ﬁgiegéﬁﬁn%%:%ragonat e,
2.0 equival ent®03]1isted in Table 6, were added thereto, followed by

stirring for 2 daNMSh@drod é:&:ar Mtlon was add&l bethm%ﬁitl@henlW&ﬁe added to
this reachlon m Xt ur €, foI

extracti nol / L rochloric
aci d. AffeBeWedhBy exftasting “P'é‘f‘é]i* fadé ésérs ‘.m& SB&fatsa\ﬁ‘Fﬁ X%&a%fef
hydr oxi dﬁ @ﬂé 4 eiodnd it alb @Mﬁdecbtyb s&a)ﬂﬂraaﬁidnomnmerdnuretfbnydevatabhane Afténytble ous

sod add t t L0 stand
t *om’ Mﬁwgﬁ% SDerdr b RO BiEh Il wiESaFLaURE S
sul fat e flastesiep dreatadhig/ weicl qondounednamnﬂam?é@ wdphreéuw!l pragurcaged t he
filtrategpnd g{e'éﬁtxcﬂéﬂe S dehR IR 08dandN6hi5iRAE 8AL patsishddnden. kaduced
pressure, measur enent of the concentrated substance obtai ned was
perforné@eﬂmﬁﬁnﬂééhkﬁ% are shown in Table 6. [0214] 35 (Exanple 19)
Benzyl (3R 4SHﬁ@4§N-cyclopropyl N-(2- ni trobenzenesul f onyl ) am nonet hyl ) - 4-
flugﬁopyﬁﬁoll lgi -carboxyl ate was dissolved in a solvent (acetonitrile,
thiol (2-carboxybenzenethiol, 2.0 equivalents) and a base
(cesi um car boitht esacGowag qartrivd betinghe seercemanttte ds thaceBExampla d4asstngrthet i f | | ng
for 2 ho f d rhing for 2
hour s at%g%8ﬁ31%3§%T5®§ éﬁﬂ@gg%% 3§gw§§m§ ?E&%%g%?#%ﬁ@ﬁ}i?%¥§&mHﬁé | oned by
ext r act i sbawpiin alfé@ Ayl Sacetate. After the organic |layer was washed with a
sodlunlhydrogﬂmogyrbonate sol ution, anhydrous sodi um sul fate was added and
it was aké E% st %} roomtenperature. After the anhydrous sodi um
sul £4t e REEILEH | tration and washed with ethyl acetate, the
filtrate and Therasashi ngs waried coniiteshmeamanieoasthat o xnpladérusmedbe ed
pressure, t st t.al ned was
perfor m=38lve g(‘F cg:aergﬁ@f[g&gd:@gtsoﬁ&vﬁ eﬁgw%ﬁﬁgﬂ%té@{]ggwgb( E?g&rr% ‘ggz Benzyl
(3R, 4S)E$Oﬁmhmwdﬂ©§ropyl N- (2- ni t r obenzenesul f onypani nomet hyl ) - 4-
fl uoropyrrolidine-1-carboxylate was di ssolved in a solvent (acetonitrile,
5-fold amobunt). 15A thiol (4-carboxybenzenethiol, 2.0 equivalents) and a
base (cesium carbonate, 5.0 equivalents) were added thereto, and after
stirring for 2 hours at 25C, the tenperature was raised, followed by
stirring for 2 hours at 50C. The results are shown in Table 6. [0217] Table
6 Thiol Solvent
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Base HPLC (%9 Remarks Exanple 14 HSCH2CO2H DMF Li OH H20 88 72% Exanpl e 16
Cl12F125SH DVF Li OH. H20 68 - Exanple 17 4' 13u- C6HASH CH3CN Cs2C33 92 91%
Exanpl e 18 C6H5SH CH3CN Cs2CO3 97 75%

[0206]
[Table 5]

Thiol Solvent Base HPLC (%) Remarks
Example 14 | HSCH,COH | DMF | LiOH-H,O 88 72%

It was confirmed by
TLC that the reaction
proceeded. Byproducts
were formed, so HPLC

measurement was not

Example 15 | HSCH,COH | DMF | CsOH-H,O NT

performed.

It was confirmed by

TLC that the reaction
Reference . .
HSCH,CO»H | acetone | LiOH-H,O NT did not proceed, so
Example 5
HPLC measurement
was not performed.
It was confirmed by
TLC that the reaction
Reference CH3C i . ]
HSCH,CO,H LiOH-H,O NT did not proceed, so
Example 6 N

HPLC measurement

was not performed.

NT: not tested

[0207]

5 In Table 5, the examination results for the cases in which thioglycolic acid was
used as the thiol compound in the reaction of deprotecting the protecting group on the
amino group of the compound represented by the general formula (7) or it’s enantiomer
using the thiol compound and the base are summarized.

[0208]

10 As shown in Table 5, the target compound was able to be obtained by carrying out
the reaction in DMF using lithium hydroxide monohydrate as the base (Example 14). On
the other hand, when the reaction was carried out in DMF using cesium hydroxide
monohydrate as the base, the reaction proceeded although a byproduct (a reduction
compound of the nitro group) was formed (Example 15). In addition, when acetone

15  (Reference Example 5) or acetonitrile (Reference Example 6) was used as the solvent, the
reaction did not proceed.

[0209]
From these results, in the deprotection reaction, it was found that, when

thioglycolic acid was used as the thiol compound, using an alkali metal hydroxide as the
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Exanpl e 19 2-(CO2H)- C6H4SH CH3CN Cs2CO3 86 86% Exanpl e 20 4- (CO2H) - C6HASH
CH3CN Cs2CB NT It was confirnmed by TLC that the reaction proceeded
approximately 70% 2 ONT: not tested [0218] In Table 6, the exam nation
results for the cases in which a variety of thiol conpounds were used in
the reaction of deprotecting the protecting group on the am no group of

t he conmpound re r.es ene al 7 nant i oner

usi ng t heAs I"l”af)P ﬁg 3“3%8 1‘t)rhé 4&1 gg{%‘%ﬁtﬁﬁ @5%@?3@%5%8 ‘M Tabl e
6, when uhseddmded:mseumnglam/mdusnﬂdel(tlﬁxdwmobfemﬁl)s padfetab. t hi ol 5conpound in

t he depr ot ect irg@rpmgeaction, t he reaction proceeded al though the yield of the

target conpou decreased, in conparison with the case in which
t hi ogl yc@xamplcitd was used (Exarrpl e 14). In addition, when

4-t erg - but y| bepzenatRiA)-1LR@MbSopFINID-IRSZAREIBIRIN( E?ﬁ%[ﬂ?ﬂx&hﬂ?)l was

used, th reactlon pr oc eded r at 25C and pure
target covRIeRMERlidiRs- b??%]oxvlﬁ "(‘ﬂ%‘g? h ed jpasol ﬁe@éﬁk}g@m > (Exanpl e
19) or Afotbahenit). b@ﬂﬁer(ﬂtdvd@ban(eﬁx(ﬁnpBQqﬁi@ﬁieﬂﬁ}am&@ﬂaset(héllur&agdinomdeaI o)

gg? ngg&%g %y\gea\{e 2 equwalen%s) werg Q&)&(e\é tgeergt% ecf etﬂe? lstlwﬁlsg f%is E%Dults g‘?ﬁ ‘%a%e' on was

temperature was raised, followed by stirring for 2 hours at 50°C,
10 [0211]

Ethyl acetate was added to this reaction mixture and, followed by extraction with 3
mol/L hydrochloric acid.  After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. Anhydrous sodium sulfate
was added to the organic layer and it was allowed to stand at room temperature for several

15  hours. Afier the anhydrous sodium sulfate was separated by filtration and washed with
ethyl acetate, the filtrate and the washing were combined, and concentrated under reduced
pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 6.

[0212]

20  (Examples 17 to 18)

Benzyl (3R,48)-3-(N-cyclopropyl-N-{2-nitrobenzenesulfonyl)aminomethyl)-4-
flucropyrrolidine-1-carboxylate was dissolved in a solvent (acetonitrile, 5-fold amount).
The thiol (1.5 equivalents) and a base (cesium carbonate, 2.0 equivalents), listed in Table 6,
were added thereto, followed by stirring for 2 hours at 25°C.

25 [0213]

Ethyl acetate was added to this reaction mixture, followed by extraction with 3
mol/L hydrochloric acid.  After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. Anhydrous sodium sulfate
was added to the organic layer and it was allowed to stand at room temperature for several

30  hours. After the anhydrous sodium sulfate was separated by filtration and washed with
ethyl acetate, the filtrate and the washing were combined, and concentrated under reduced
pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 6.

[0214]

35  (Example 19)

Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl Jaminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (acetonitrile, 5-fold amount).
A thiol (2-carboxybenzenethiol, 2.0 equivalents) and a base (cesium carbonate, 5.0
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[0221] 15 Fromthese results, in the deprotection reaction, it was found
that the use of thioglycolic acid, a d to C24 alkylthiol or benzenethi ol
whi ch nmay be substituted is preferable as the thiol conmpound. [0222]
(Exanpl e 21) 20Benzyl

(3R, 4S)-3-(N-cycl opropyl - N-(2-ni trobenzenesul f onyeam nonet hyl ) - 4-

fluoropyrrolidine-I-c oxyl ate dissolved in a vent (acetonitrile,
5§ ol o SOOI Rersled CASreametitie Hare A Shiss By 2R on iy eiREoLTRReE ( Doy,
2.0 equi pgde@noldwakbestadidedot heswes o, SOPGl | owed by stirring for 2 hours at
25C. [0223] 2?@@3“ acetate was added to this reaction m xture, followed by
extraction wt mol /L hydrochloric acid. After the aqueous |ayer was nade
to be basic byVaddiasgpddodiathitigartiovindetuselfollpwed b ettrasiien Wit edidtlr act i on

W th et hydetagflet@ﬁ%ﬂ%o xﬁeg&s%r $2dhumeaukiteg g'odmffgqu%enmbbﬂﬁe oslgdet.c | ayer

and it was owe tand "at, room tenperature rr several hours. After

t he anhy@tydeous sefliumsylintearas added addhras adpviRd toistand 2 Feom R EFed wit h
30et hyl Aegimt @mhﬁmsasbhmgamfawag i&paﬁabaﬂfﬂgl_rfgtmﬁ(ﬁream'hﬁ& dx]iithadgl@rl
concentrat ed under redyced pressure, an nmeasur nt, of .the

concent radc[e@ge, ?l?&?frﬁtﬁc?@ﬁglbet ‘é’gﬂ“é%ﬁ WeS Cﬁgﬁbfllflra‘n%'g]. Cof‘ﬁﬁnu[ agégjlﬂdgr 598 own i n
Tabl e 7. pre@2#) hnd HRAApheasRRMAE Bz ybncentrated substance obtained was performed.
(3R44S) - - ni t robenzenesul f onyl ) am nonet hyl ) - 4-

fl u%ﬁopyﬁ%‘%ﬁs ?éﬁ%é)%%%lg;%g%’at e was dissolved in a solvent (acetonitrile,

5-fol d armount X021&]t hi ol (1-dodecanethiol, 1.5 equival ents) and a base (TMG
2.0 equimlaglmesjgt)were added thereto, and after stirring for 2 hours at

25C, the tenperatuyr rai sed, foll d.by stirri or.2 hgurs,at 50C.
[0225] £t hyl SRR ASE HBEE s B G -Be e St o DB RhAR by

ext r act i tiorapiirfolidirz- Fodrbbx fiy@nvasklisoived aca sblvéft (artdniteila Guoblesndweyer was
made .t o .basi ¢ ,b i J i i by

oxt 140t i o prosrly PSR RE ™ ARINEERY 48 sk ool GREEREY (o the
or gani ¢ ¢ayatentm averg addsd thadretowendl eti%/?r stizing far 2 howmet 2ivpe the temecmbye ¥aver al
hours. Aftel hiGvanhYdi:aHs fSOthdliR sUdkat e THR SestRPAahedn By TAHIE br ati on and
washed with ‘ethyl acetate, the filtrate and the washi ng were conbi ned, and
concentrat ed LW%@H reduced 10pressure, and HPLC neasurenent of the
concent rgaBd 6jubst ance obt ai ned was performed. The results are shown in
Tabl e [7. T02Z6]] (Exanpl e 23) Benzyl p
(3R, 48) - 3- (N-cycl ogy,ppy! - N-§Svaitt f obepzgnes JII#oItham nometfuhakk4-
15f | uor opyrrolildi ne-1-carboxyl ate|was di ssol vé®h)i n| a sol vent (acetonittrile,
5-fold %H@ie) A thiol (1-dodecanethiol, 1|5 equiVval ents) and a base
(cesi umTar BONAHSCER,CO A9 Ui Viavant $)Ligel-H,@dfedss hefeto, and7Zhkter stirring
for 2 hourld at [25C, the te¢nperature was raised, followed by stirring for 2
hours fatg le The results|are shoywn in Table 7. [0R27] 20(Conparative
Exanpl e 8). BenzylCi;HsSH DMF LiOH-H,0 68 -
(3R Li|S)- ’3]-6( N-gycl opraopyl {N-(2-ni {robenzenesul f onyHami nonethyl)-4-

7

i 4-'Bu-
Example u CILCN O, 0 oo
17 CsH4SH
1
Exirgp ) CeHsSH CH3;CN Cs,CO4 97 750,
2-(CO,H)-
Example (COH) CH,ON CoyCO, .6 o
19 CgHsSH
i 4-(CO,H It was confirmed by TLC
o (O CH;CN CsCO;3 NT that the reaction proceeded
20 CeHSH j
approximately 70%.

20  NT: not tested
[0218]
In Table 6, the examination results for the cases in which a variety of thiol
compounds were used in the reaction of deprotecting the protecting group on the amino
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fl uoropyrrolidine-1-carboxylate was di ssolved in a sol vent

(tetrahydrofuran, 5-fold anmount). A thiol (1-dodecanethiol, 1.5
equi val ents) and a base (lithiumtert-butoxide, 2.0 equivalents) were added
thereto, followed by stirring for 2 hours at 25C. The results are 25shown
in Table 7. [0228] Table 7 Thiol Solvent Base HPLC (% Remarks Exanple 16

21255 B i 100,58, ot A\ 2l CELEIR 0N L 00, L © 22
thiol compound and the base are shown.
[0219]
As shown in Table 6, when I-dodecanethiol was used (Example 16) as the thiol
5  compound in the deprotection reaction, the reaction proceeded although the yield of the
target compound is decreased, in comparison with the case in which thioglycolic acid was
used (Example 14). In addition, when 4-tert-butylbenzenethiol (Example 17) or
benzenethiol (Example 18) was used, the reaction proceeded rapidly at 25°C and yielded
the highly pure target compound.

10 [0220]

In addition, when 2-carboxy-benzenethiol (Example 19) or 4-carboxy-
benzenethiol (Example 20) was used, the reaction also proceeded, however, when 4-
carboxy-benzenethiol was used, the reaction was not complete.

[0221]

15 From these results, in the deprotection reaction, it was found that the use of
thioglycolic acid, a C1 to C24 alkylthiol or benzenethiol which may be substituted is
preferable as the thiol compound.

[0222]
(Example 21)

20 Benzyl (3R,45)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (acetonitrile, 5-fold amount).
A thiol (1-dodecanethiol, 1.5 equivalents) and a base (DBU, 2.0 equivalents) were added
thereto, followed by stirring for 2 hours at 25°C.

| [0223]

25 Ethyl acetate was added to this reaction mixture, followed by extraction with 3
mol/L hydrochloric acid.  After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. ~Anhydrous sodium sulfate
was added to the organic layer and it was allowed to stand at room temperature for several
hours. After the anhydrous sodium sulfate was separated by filtration and washed with

30  ethyl acetate, the filtrate and the washing were combined, and concentrated under reduced
pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 7.

[0224]
(Example 22)

35 Benzy! (3R,48)-3-(N-¢yclopropyl-N-(2-nitrobenzenesulfonylyaminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (acetonitrile, 5-fold amount),
A thiol (1-dodecanethiol, 1.5 equivalents) and a base (TMG, 2.0 equivalents) were added
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NT It was confirmed by TLC that the reaction was not conplete. Conparative
Exanpl e 8 C121125SH THF LiO Bu NT It was confirmed by TLC that the reaction
did not proceed, so HPLC neasurenent was not performed. NT: not tested
[0229] 5In Table 7, the exam nation results for the case in which

1- dodecanet hi ol was used as the thiol conpound in the reaction of

deprotecting th rotecti rou o m no qroup of conpound
repr esen{héff?‘bﬁng ﬁgerg%lﬁrél??aflogfzg}oﬂf{ﬁp ae‘i%réﬁqg?‘ ?einfpe?t’grﬁa‘?‘ﬁ%ir%ﬁ%#’ q@é‘?‘?ﬁeg]pthe t hi ol
conpoundstafidg fdre haseated0éCsumari zed. [0230] 10As shown in Table 7, when

1, 8- di azabi cyﬁéﬁé. 4. 0] undec-7-ene (Exanple 21),
1,1,3,3-tetra | guani di neeéExa_rrpl e 22), and cesium carbonate_ (Exanple
23) were used Eibyltahelatsasas, addpetorthisaeacsion aiz e folteeeily, expireior wghdm

car benat iEx&ap! ' 8 118¢ b&XTHY Sd@ng §AZ3] 1500
t he %t helfeﬂo am?ﬁ%\ﬁﬂg%g?aﬁﬁi %r%%? )e}!rete{qgﬁtidggifgg:?%ony&%art ative Exargal eg 8) . was

i
used, thBydredds sty IR IGEragi b B o P AR SSOUR U3 i on,
when |t Raygadey & oxicdenionobytidat wavebvweslad saad ahwohasmpexanibreelddil,

ti bet th d th duct : i i
o eh £ hehtoc i s A ARSE SO, SR IR PRBGHE by At arYe MRS RAL | SO
and 1, 1, 8hg-dcetateathetftirhiguaditti wash{rigcaenicempea) anderoscerdetid rgggefiuced
Fromqt heﬁr%sgu?é uh%ﬁngaﬁ%r&?aﬁef gl%tcbg&nﬁ%@fsu%ncbtobmdf%qﬂrfbhﬁéd. usi ng
met al hy t he

an al kal roxi de as ase is preferable when a O to C24
al kyl t hi ‘Ghe fesultssasgshosvn ielabli b1 conmpound.
[0226]
(Example 23)

Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
15  fluoropyrrolidine-1-carboxylate was dissolved in a solvent (acetonitrile, 5-fold amount).
A thiol (1-dodecanethiol, 1.5 equivalents) and a base (cesium carbonate, 2.0 equivalents)
were added thereto, and after stirring for 2 hours at 25°C, the temperature was raised,
followed by stirring for 2 hours at 50°C.  The results are shown in Table 7.
[0227]
20  (Comparative Example 8)

Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (tetrahydrofuran, 5-fold
amount). A thiol (1-dodecanethiol, 1.5 equivalents) and a base (lithium tert-butoxide, 2.0
equivalents) were added thereto, followed by stirring for 2 hours at 25°C.  The results are

25  shown in Table 7.

41



[ 0233] (Exanple 24) Benzyl

(3R, 4S) - 3-(N-cycl opropyl -N-(2-ni trobenzenesul f onyl ) am nonet hyl ) - 4-
fl uoropyrrolidine-1-carboxylate was di ssolved in a sol vent
(acetonitrile:water=12:1, 5-fold 5anount). A thiol

(4-tert-butyl benzenethiol, 1.5 equivalents) and a base (cesium carbonate,
2.0 equival ents) were added thereto, and after stirring for 2 hours at 25C,
t he terrperatur[ s raised, followed by stirring for 2 hours at 50C. The
resul ts gmBleshown in Table 8. [0234] 10(Exanples 25 to 26) Benzyl

3R, 4S) F3-(N-cycl opropyl -N-(Z-niLfrobénzenesul T of bt hyl ),- 4-

1£I uoroémwﬁwﬁp&i@@ di-ssANBd i 1% E’/gj.n'en%/ ?{?@ﬂgﬁ i
Table 8 @&ajhpleleamL(Ditz}{ﬁSNtH oDMHM- terUiG)HtIﬁ;)O bénzeagt hi ol , 1. B1%

equi val ent s a bas I{u onat equi yal ents) were added
tﬂer et oj %“xul')n %m,d hégﬁlf'g A &%ﬁéﬁb nb I} 5 g?oz'!-}) A= Ri)A

acet at e| Wasmaded tcCltzHI;ﬁH eacCH;ﬁNm Xt uffMGf oI I ovve&S by extracti-on with|3

nmol /L hydrochlori¢ acid. After the aqueous |ayer was nade \
addi ng sodi um hydroxi de sol utji on, followed by extraction Igw%sb&flﬁ?rﬁé&b)b

acet at e, _Anhydraus sodj.um sullf s added-to the gancIHy@ﬁhaéﬁlﬁlt was
al | oned Fgalg‘g%r?g at (?%Hﬁﬁgpznr e&%ﬁﬁ&g fog:ds’é(ggéral 2 Ohour 5. &fk8H wab8ot

anhydrous sodi um sul fate was |separated by filtrati on and|washed wi th ethyl
acetate,_the filtrate and the washing were conbined andmné@&tﬂ\iéf;gd_LL]der

reduced pressure, |and HPLC measurement of the cencentrat 20k waswhineal by
obt ai ned was perfprned. The results are shown ip Table 8 [012L3@]£hatthe
25( Exanpl es 27 to| 30) Benzyl
(3R, 4S) -Ger@paragivﬂ Dpl‘ -ﬁy(z njl,g%obenzggﬁﬁ?gr{jf ohyl ) ani nonetthgdtion4lid not
f1 uor opyr Hqg gkyl at e Hi s in thelsol u/eig}gcée'gsgoqqpi@
Tabl e 8 (%a (?Id am)unt) A thiol (4-tert-butylbenzenethipl’, 1.5

equi vallents) and A base (potassium carbonate, 2|0 equi val eWESSPIHRTE WRE d¢
thereto, and aftef stirring flor 2 hoyrs at 25C |the 30t enpes@tperforiigs
rai sed, %,gl I'owed by stirring for 2 hours at 50C. [0237] ET hyl
acet at e Mas'AHSEE to this reaction m xture, followed by extraction with 3
nmol / L hydrochl[(aﬁ’leq: acid. After the aqueous |ayer was nade to be basic by
addi ng sodi u LOXI tian

acet gt e. Anh;]ér% %L%bslg)s?bt ?8%8{1&% 16’1?res§134 %09%%3@”&%&0 ?doge%a\ﬁ%@b?l?%?ﬁsednd it
was al | csghe thiolspmpdurd inrtbe marbepef éapuetectingrthe prpggcting ﬁmyrpsrm the ta@vnq he
anhydr ougo$08f ﬂl@c&‘rﬁkz&ﬁ&ﬁre%erﬁmﬁ{e%n&m forhnblat oncaeshyMRaRedsing il et hyl

acetate, the filtrate and i ng were conbined, and concentrated under
reduced thigl exgpewnd agd d%@awgh@ﬁt of the concentrated substance

obt ai ned was pg3iprned. The results are shown in Table 8. [0238] (Exanple
31) Benzyl . . .

(3RMS) - 3- (N EYSPORP EpITRR (Bhen 1B slibisydeln +-BhpaG wBrerifmgle 2

f | uor opyk, t,8)3-eiraeethylganiidiog| (Exanpiad 2yl aad cksred daxboaats(ﬁEw@nple(Zéi! Wamjlsed 5-fold
anount) se
(pot asti e A B LBt Ao R S e RSP A IR

Sti rri nghe ectomyey ROtAPMPICS.

[0231]
15 On the other hand, when lithium tert-butoxide (Comparative Example 8) was used,

\*J

9%
o

the reaction system became a complex reaction mixture, In addition, when lithium
hydroxide monohydrate was used as the base (Example 16), separation between the base
used and the product was easy, in comparison with the cases in which 1,8-
diazabicyclo[5.4.0]undec-7-ene (Example 21) and 1,1,3,3-tetramethylguanidine (Example
20 22) were used.

[0232]

From these results, in the deprotection reaction, it was found that using an alkali
metal hydroxide as the base is preferable when a C1 to C24 alkylthiol is used as the thiol
compound.
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[0239] 10Et hyl acetate was added to this reaction mxture, followed by
extraction with 3 nol/L hydrochloric acid. After the aqueous |ayer was made
to be basic by addi ng sodi um hydroxi de solution, followed by extraction
with ethyl acetate. Anhydrous sodium sulfate was added to the organic |ayer
and it was allowed to stand at roomtenperature for several hours. After

t he anhydrous sodi um sul fate was separated by filtration and washed with
15et hyl acetaﬂ@@yﬂhe filtrate and the washi ng were conbi ned, and
concent r @ixaghp;gr reduced pressure, and HPLC neasurenent of the

_(I:_ggf::nts'r aE Sg 4 e%%;téggﬁ%sggg@-gggggﬁgvr —ré-%Etp(%%hze-lrlgseulfo%%ﬂ%ﬁl%no%{eﬁiﬁﬁ&)—m In
(3R, 49) - Budrdpyoyadidine: biegibokylaR-wastdishbrd éne sellvéns igetomimdersateyt )2 4 -5-fold

f | uor.opy i |l -1Garnho i i .
(tet r%hy%&@\wttf %ﬂlé‘ilfc(%ﬁ%‘?ﬁ%% %ﬁl%?%fg‘lﬁ%gﬁ_?%ﬁtg;w%retﬁfz’sé‘h%t hiol, 1.5
equi val evfreonaiend.Oxdpivetents) 5teae sddeetlasapt omglradter stimingdof ¥ hrwnes3s ket added

t her et 0, tcfiPklaQE abYaisdd FolioR@ditRrstiZil}oser S dtirs2R o A heTkeRWhitsSar@@®wanown in
Tabl e 8., k@ 41] (Exanpl e 33) Benzyl

(3R, 4S) -%- cl opropyl - N- (2-ni tr obenzenesul f onyeam nonet hyl ) - 4-
fl uoropyrroli@028a]1-carboxyl ate was dissolved in a solvent (acetonitrile,
L350 M b8 Pl (& enypuvl beneenetn ol L cau vl o) and e
stirring for Behaudr(3R4S8)25N-cyderroprigd(anifrabeneenesdfoggBaminomegidid by
stirringadBhp2rdiAieS1 Rhrbeate WA diQ8HLE $n Ak oBBAMILtddin TRBle® B-fold 0242]
-cr:gglcgg,Sgaz‘;irct]uln%l. ?gflh\{(ﬁ r&a-teBr?-%Styll_’J)ilﬁzCen(e(t){%oll,??g%rqﬁlsva%%s%llg a %Zseﬂr(::és?lﬂfl COHASH CH3CN
carbonate, 2.0 equivalents) were added thereto, followed by stirring for 2 hours at 25°C.
15 [0235]
Ethyl acetate was added to this reaction mixture, followed by extraction with 3
mol/L hydrochloric acid. After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. Anhydrous sodium sulfate
was added to the organic layer and it was allowed to stand at room temperature for several
20  hours. After the anhydrous sodium sulfate was separated by filtration and washed with
ethyl acetate, the filtrate and the washing were combined, and concentrated under reduced
pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 8.
[0236]
25  (Examples 27 to 30)
Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in the solvent listed in Table § (5-fold
amount). A thiol (4-tert-butylbenzenethiol, 1.5 equivalents) and a base (potassium
carbonate, 2.0 equivalents) were added thereto, and after stirring for 2 hours at 25°C, the
30  temperature was raised, followed by stirring for 2 hours at 50°C.
[0237]
Ethyl acetate was added to this reaction mixture, followed by extraction with 3
mol/L hydrochloric acid. After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. Anhydrous sodium sulfate
35  was added to the organic layer and it was allowed to stand at room temperature for several
hours. After the anhydrous sodium sulfate was separated by filtration and washed with

ethyl acetate, the filtrate and the washing were cc_)mbined, and concentrated under reduced
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91% Exanpl e 24 4-tBu- C6H4SH CH3CN- H20 (12:1) Cs2CO3 NT It was confirmed
by TLC that the reaction was not conplete. Exanple 25 413u- C6H4ASH THF
Cs2CO3 95 81% Exanpl e 26 4213u- C6HASH 1PrOH Cs2CO3 94 94% Exanpl e 27
4-"13u- C6H4SH

pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 8.

[0238]
(Example 31)

5 Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (ethanol, 5-fold amount). A
thiol (4-tert-butylbenzenethiol, 1.5 equivalents) and a base (potassium carbonate, 2.0
equivalents) were added thereto, followed by stirring for 2 hours at 25°C.

[0239]

10 Ethyl acetate was added to this reaction mixture, followed by extraction with 3
mol/L hydrochloric acid.  After the aqueous layer was made to be basic by adding sodium
hydroxide solution, followed by extraction with ethyl acetate. ~Anhydrous sodium sulfate
was added to the organic layer and it was allowed to stand at room temperature for several
hours. After the anhydrous sodium sulfate was separated by filtration and washed with

15  ethyl acetate, the filtrate and the washing were combined, and concentrated under reduced
pressure, and HPLC measurement of the concentrated substance obtained was performed.
The results are shown in Table 8.

[0240]
(Example 32)

20 Benzyl (3R,45)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (tetrahydrofuran, 5-fold
amount). A thiol (4-tert-butylbenzenethiol, 1.5 equivalents) and a base (potassium
carbonate, 2.0 equivalents) were added thereto, followed by stirring for 2 hours at 25°C.
The results are shown in Table 8.

25 [0241]

(Example 33)

Benzyl (3R,45)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
fluoropyrrolidine-1-carboxylate was dissolved in a solvent (acetoniirile, 5-fold amount).
A thiol (4-tert-butylbenzenethiol, 1.5 equivalents) and a base (potassium carbonate, 2.0

30  equivalents) were added thereto, and after stirring for 2 hours at 25°C, the temperature was
raised, followed by stirring for 2 hours at 50°C.  The results are shown in Table 8.
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"PrOH K2CO3 94 79% Exanpl e 28 4-13u- C6HASH ' PrOH THE (3:1) K2CO3 94 76%
Example 29 4-tBu- C6H4SH EtOH THE (3:1) K2CO3 93 68% Exanpl e 30 4213u-
C6HASH Et OH THE (1: 1) K2CO3 94 72% Exanpl e 31 '

10

[0242}
[Table 8]
Thiol Solvent Base HPLC (%) Remarks
Example 4-'Bu-
CH;CN CsyCO;5 92 91%
17 CsHaSH
‘ CH;CN- It was confirmed by
Example 4-Bu- )
H;O Cs2CO5 NT TLC that the reaction
24 CsHsSH
(12:1) was not complete.
Example 4-Bu-
THF Cs,CO5 95 81%
25 C¢H,;SH
Example 4-Bu- ;
PrOH Cs,CO4 94 94%
26 C¢HsSH
Example 4-'Bu- ;
PrOH K,COs 94 79%
27 Csll4SH
Example 4-'Bu- 'PrOH-THF
K,COs 94 76%
28 CeHsSH (3:1)
Example 4-'Bu- EtOH-THF
K,CO;4 93 68%
29 CgHuSH (3:1)
Example 4-Bu- EtOH-THF
K,CO4 94 72%
30 CéH4SH (1 21)
Example 4-Bu-
EtOH K,yCO4 95 74%
31 CsHsSH
. It was confirmed by
Example 4-Bu- .
THF K2CO;4 NT TLC that the reaction
32 CsHaSH
was not complete.
. It was confirmed by
Example 4-Bu- )
CH;CN K,CO3 NT TLC that the reaction
33 CeH4SH
was not complete.

NT: not tested
[0243]

In Table 8, the examination results for the case in which 4-tert-butylbenzenethiol
was used as the thiol compound in the reaction of deprotecting the protecting group on the
amino group of the compound represented by the general formula (7) or it’s enantiomer

using the thiol compound and the base are summarized.

[0244]

As shown in Table 8, when cesium carbonate was used as the base, the reaction

completed even in tetrahydrofuran (Example 25) or 2-propanol (Example 26).

reaction was not complete in aqueous acetonitrile (Example 24).
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4213u- C6HASH Et OH K2CO3 95 74% Exanpl e 32 4113u- C6HASH THF K2CO3 NT It
was confirmed by TLC that the reaction was not conplete. Exanple 33 4-tBu-
C6HASH CH3CN K2CO3 NT It was confirmed by TLC that the reaction was not
conplete. NT: not tested [0243] 5In Table 8, the exam nation results for
the case in which 4-tert-butyl benzenethiol was used as the thiol conpound
in the reaction of deprotecting the protecting group on the am no group of
t he conpound f@rﬂﬁksent ed by the general fornmula (7) or it's enantioner

usi ng the thi ehaqiRasing amsbdatewased as thebasaraiid keciondfMted when a
lower alcohol (Examples 27 and 31) or a mixed solvent of a lower alcohol and
tetrahydrofuran (Examples 28 to 30).  On the other hand, the reaction was not complete in

5  tetrahydrofuran (Example 32) and acetonitrile (Example 33).

[0246]

From these results, it was found that, in the deprotection reaction, using an alkali
metal carbonate as the base was preferable when benzenethiol which may be substituted
was used as the thiol compound. In addition, it was found that using a lower alcohol,

10 tetrahydrofuran, or a mixed solvent of these as the solvent is preferable when an alkali
metal carbonate was used as the base.

[0247]

(Example 34)
Benzyl (3R,48)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
15  fluoropyrrolidine-1-carboxylate

300 mL of toluene was added to 15.1 g (corresponding to 30.6 mmol) of crude
benzyl (3R,4R)-3-(N-cyclopropyl-N-(2-nitrobenzenesulfonyl)aminomethyl)-4-
hydroxypyrrolidine-1-carboxylate synthesized using the method of Reference Example 1,
followed by heating to an inner temperature of 45 to 50°C and dissolved, and 6.85 mL

20  (45.9 mmol) of 1,8-diazabicyclo[5.4.0]undec-7-ene was added thereto at an inner
temperature of 20 to 25°C, followed by cooling to an inner temperature of -20 to 0°C.
8.24 mL (45.9 mmol) of nonafluorobutane-1-sulfonyl fluoride was added thereto at an
inner temperature of -20 to 0°C, followed by stirring for 2 hours at an inner temperature of
-20to 0°C.

25 [0248]

200 mL of 1 mol/L hydrochloric acid and 100 mL of toluene were added to the
reaction mixture, and the organic layer was separated. The organic layer was washed
with 100 mL of 1 mol/L hydrochloric acid and with 200 mL of 6% sodium hydrogen
carbonate sequentially. Anhydrous magnesium sulfate was added to the organic layer and

30 it was allowed to stand for several hours. The anhydrous magnesium sulfate was filtered
and washed with 50.0 mL of toluene.

[0249]

After the filtrate and the washing were combined and concentrated under reduced
pressure, it was concentrated again under reduced pressure with adding 40.0 mI. of

35  tetrahydrofuran to obtain 14.7 g of benzyl (3R,48)-3-(N-cyclopropyl-N-(2-
nitrobenzenesulfonyl)aminomethyl)-4-fluoropyrrolidine- 1 -carboxylate as a yellow oil.

[0250]
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10As shown in Table 8, when cesium carbonate was used as the base, the
reaction conpl eted even in tetrahydrofuran (Exanple 25) or 2-propanol
(Exanpl e 26). The reaction was not conplete in agueous acetonitrile

(Exanmpl e 24). [0245] When pot assi um carbonate was used as the base,
t he reaction conpl eted when a | ower al cohol (Exanples 27 and 31) or a m xed

ovher  hartn MAIPEIC B8 MIES Re b af el AP SRR Sl (B 52)
and acet 205 { H,| deld( Bahdl @, 38)3.H)02463.59 (2H, m)F3. émt%e(géi masﬁmté 25i(8Hwas
o e DALy AT O0S o) Ot AT k3 NIEATT @y I IRk ALETL TSR | Bor Danat e

as the base was bl'e whe enet tuted was
used as the tlﬁm)‘il]conpound In addition, it was found that using a | ower

al cohol , Hﬂ’ﬁ@:%l‘éﬁ{?é’ﬂhﬁ Ug@uy, (BdterfiomitiHed 85639| Mﬁﬂies?fcoltdﬂﬁ?Qné’%ﬂt(ﬁ‘BSSOh\éent i's
pref erabl e n an al kal i netal Sgl%on%t used f t.he bdals [ 0247]
( Exanpl emgyf) mm, pEersoimn: Inertsil O mm mobile phase: dilufed
5(3 ?:? 48S) - ]ayo(gm?cﬁtccacﬁpmqﬁm(}dﬂa (%imimrﬁo)bammeﬁw(sbmmyﬁm Men®d hydytesd- 1
uor op rroli

g (corre ﬂ)‘g}?&l agle%o%g ég mFS)crgiflc)Cget%cémB éhlg]azvnl'ength E% Hl%ngoi\’\@l% added to 15.1

(3R, 4R) - BmptatureyIEIr OpflopyhieNt. (JZnII:r’mmobenzenesuI f onyeam nomnet hyl ) - 4-
hydrexypyrrol I[@Srv%i | - car boxyl at e synt hesi zed using the nmethod of Reference
Exarrple 1, fol d by heating to an inner tenperature of 45 to 50C and

di ssol ve@xa@ﬁh’@J% nL 20(45.9 mml) of 1, 8-di azabicycl o[ 5. 4. 0] undec- 7- ene

was  addegerdzRPrSt4®) 3t (c3Blobfops TantiRGTRETh L) - ﬂuabpﬁeolic@nezﬁearbmyllawd by cooling
to an inner ﬁg rature of -20 to OC. 8.24 nm. (45.9 mmol) of

nonaf | udPsh -sul fonyl fluoride was added thereto at an inner
t errper ature oﬂ42’0g tcorr@ponfloigltode d rhyobtof benzyd (FRy# S R3 i eryslopromah-N-aer

ra f oric
ot B Binind R AEH A uoropyrrg - MeaPrctaibhlne IV AT 1
or ganl c thaywsihodef Feepataienas dielwdgadi0d Inbypé etighEdrpig AR i 40H @b@frrL of 1
nol / L Pyallaaﬁfahlszmhg(@lcz fhndifo dtﬁssﬁ@ocdm%@ie fﬁl&'ﬁ@ﬂir%!’(?'ﬂﬁ?ﬁﬁﬁ rbfqaceholnate
sequenti a n ous na nes ate 0 ani c | ayer
and 30i tb Wée’%ﬁp‘f}a@é“ﬁ??ﬂ 1 13,3 éé‘éi/‘%?rﬂo %@E’r"‘éﬁ Rk rsnﬁé‘ﬂem um
sul f at e was témpéretuedopaidtoviisted with 50.0 nL of tol uene. [0249] After the
i i i u u
f Ig@ate and &QB I/ash ng were conbi ned and concentrated under reduced

0

preSsure ncentrat ed agal n under reduced pressure with adding 40.0
m. of 35t et rah%lndmfr?amot/b hyBtaghleritaci apd@0.Gmhofin-haxane were added to the

(3R, 4S) I%&((tﬂ'ﬂ‘h?(?{hﬂ@ QaYhe &‘[u(egus la er was separated. The orgamc layer was extraoted
n|trobenzenesu

am norre UOI’ opyrr, %Gi‘l I ne- -car at e as a
yel | ow ovith 59.82slapt 1 malprxdy @ ach wRppd giithghg aaigopy %yaﬁan%*%sff 49- 2. 54
E gﬂ m ,wﬁh 5(89 2n183f lﬁ-iabkaﬂé) , 130 %’i éﬂﬂ;noﬂgaodldmﬁl}gr%xlde ﬂ)l\é@(ﬁlS\%ad-iZi)nlﬁd & 4? 1; gg
(125 iyl e miking e bgiey F1R0iE] oy Hracon g i mbygsi e bufle b

pur i ty Bxerd% (retention tine: 8.69 mnutes), colum: Inertsil ODS-3, 4.6
nm x150 mm pr[@gsﬁ | um: Inertsil ODS-3, 4.0 mmx10 mm nobil e phase: dil uted
phosphoric acrd (1 in 1,000) (sol ution A, acetonltrlle (sol ution Q Oto
20 m nutes; sdnhydtens magatsim shllaesms added te s arerniy ayeé@%ﬂww%w engt h:

220 nm g %{aﬁﬂ%ﬁs%ﬂaﬁf Rusé. e TIROShyiloRWnlagh&iunt sOIFATE Ak filtered and washed
30 with 50.0 mL of tert-butyl methyl ether, The filtrate and the washing were combined and
concentrated under reduced pressure.  8.09 g of the residue (total amount) was dissolved
in 40.5 mL of tert-butyl methyl ether and 20.2 mL of 5% hydrogen chloride/methanol was
added at room temperature, followed by heating, and 40.5 mL of diisopropy! ether was
added thereto at an inner temperature of 35 to 45°C.
35 [0255]
After the crystallization, stirring was carried out for 30 minutes at almost the
temperature at which the crystallization occurs.  40.5 mL of diisopropyl ether was added,
and after stirring for 1 hour and cooled, followed by stirring for 0.5 hours at an inner
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10[ 0252] (Exanpl e 35) Benzyl

(3S,4S)-3-(cycl opropyl am nonet hyl ) -4-fl uoropyrrolidine-1-carboxyl ate
hydrochl oride 14.7 g (corresponding to 30 6 nmol) of benzyl

(3R 4S)-3-(N-cyclopropyl-N-(2- 15

nitrobenzenesulfonyeanlnonethyO 4-fl uoropyrrolidine-1-carboxyl ate

th d h mL of
et anydeoPeraRe S LT e Gre IR ety el B Yl S s sl um
car bonat wasknd w?thgl?) SinL(ofSigopropyl jetioh.  4Theeyolidwvagl dvied 2edert tatheded wegssure at

tonporat ot ?*8?9%2%%@%%%365 B Wé’eﬁﬂ'<8%'4§%3f<?§013¢#.§ﬁi“ﬁ’hyé?%*@ﬁ Foric
aci d andt-foowprirolédingr] trasoxe iferas apwlteroyederon i xture, and the
aquegus Iayer Vs epar ated. The or ganl c layer was extracted with 50.0 niL

of 1 nol roc ac co n the a s layer, and washed
wi th 50. lr?llfg(?f)mi’i % I%’@l) ﬂﬂtoé%ﬂg ¢Qd%°8mp8%lu%ﬂ9ﬂr oxi ée sol uti on was
added tqaggfﬁa"aqu@nuﬁethmy making it basic, followed by extraction with
300 ni of; jrim
sulfate m@ﬂ%dﬁw#& rr%tga)cf)vr[Ha)tn?gd?g bgg?ﬁlllldm 0T Oﬁ“?rﬂ?’ﬁ 8%%65&9 E%#f or
several hpurGS-3. %&}&nhydriﬁu%3 hﬁ&rﬁ,@n{@rﬁ'/shﬁ & kS Gorf.4 2 (Hd mhd-adéHed
30wk hh 5y Gk fo 1185, v 36Ut M (SEELDY L 38(PRIbes)The filtrate and the washing

wer e conbi ned and concent rat ed ‘under reduced pressure. 8.09 g of the
resi due (tot all 2ér%unt) was dissolved in 40 5 nmL of tert-butyl nethyl ether
and 20. 2HPLC @¢latdlé pytly O%es%qfﬂt@mbdeﬁmubaﬂ@ﬂnnms) a@ldmﬁ afertisd QDY-8/¥her at ur e,

Lol e S8Rl i Sl Byl 55} S8RI PP SHOS S AR hereto
cryst al |plosgphooie acslt (il rin il H§OWeslutian i) eabetnitriteoisold3bonBiud sl (amimitssbst t he
te%ratsﬂhﬁ tA W& (ﬂnﬁh@ 8 §6c?£t agzmeo% GG Ssoldfba Thi élat)?d' ' Sopropyl

ether was ad tirri our _and cool e by
stirrind7orl &3»%0 ﬁelﬁk%eaagraérﬁn@n ﬁ@pcthnewé}eagm d1@pmy C@lammefnperrﬁtéﬂ
preci pi tarediswlie: y\@%ﬁﬁg@r ated by filtration and was washed with 40.5 nL
of dii sopropy 2?82 The solid was dried under reduced pressure at 40Cto
obtain 6.58 gQ teps yield 65% of benzyl

(3S, 4S) -(Befeegek djxampid &m nonet hyl ) - 4-fl uoropyrrolidine-I|-carboxyl ate

14928° B’Jfégle@%%é@‘ “@ ‘W%N (?In?ﬁ%@h JepiAgoRaldndidgpl ate e IO
( DVSO- deydrpopiepljdine- e:a duxgla®s (2H, n), 0.79-0.97 (2H, n), 2.67-2.87 (2H,
n, 3 08 3. 20408k, m)Zm&o%%f%efiﬂyl@}UAsms( d?gg%lﬁﬁufo%ﬁth -4-5.06-5.12 (2H,

{% 25 7] %‘?I;l‘ﬁ’@%rg? idjme- E)&Pf%ylsa%mg%/g"(g‘gfdgn‘ﬁs mi% “'3[8 3![-{ es ;)r > 2: ol um:

| nertsi |d1@9ﬁ03 et14an6 e, k5 diom hpdhegemd:amamatel soduttcsi (b s6IGoB jn wmhmﬁa@ mm

' ' 0} oI

oL R3F8S S A RISSRUSA LSt B b A it
(i socratand)follcm@dtby Boring fartles howe kutoooriempsaiwie.i on B=82: 18 >20:80 (linear
gradi ent), anzg on wavel ength: 210 nm col umm terrperature 30C, flow
rate. 1 0 niL/ {0258 gRef erence Exanple 8) 2 0Ben
(3S, 4S) - 3- (I\I—é;ﬁél%lﬁfl&ﬁ])m N (12- Wmﬂz@ﬁgémZng%lﬁd%tdﬁw?% of
hydr Zé 3/ ayz- ﬁﬁhétﬂd)@@thliﬂ@ b @éld/éd&lr@i ise to the 41119er@ féll(ﬁ)i/&idﬁ’sfmir}mg)formlyd t

c a ol i.di ne-] - car boxyl at e
hyar oniibis e vaEnERt BT bEa e bbb wr M BN EHRih at e M e,
sodi um hyigtregemnd efterlhiowad €leaddutistnd(the sodauici layer iwas wbparhied. 57 g

[0260]

Anhydrous magnesium sulfate was added to the organic layer. The anhydrous

magnesium sulfate was filtered and washed with 20 mL of tert-butyl methyl ether. The
35 filirate and the washing were combined, and concentrated under reduced pressure to obtain
6.25 g (quantitative) of benzyl (3S,45)-3-(N-cyclopropyl-N-(2-
nitrobenzenesulfonyl)aminomethyl)-4-hydroxypyrrolidine-1-carboxylate as a yellow oil.
[0261]
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25(30.6 mml ) of sodi um hydrogen carbonate was dissolved in 40 nL of water)
was added, and followed by stirring for 0.5 hours at room tenperature.

[ 0259] A solution of 3.39 g (15.3 mol ) of 2-nitrobenzenesul f onyl
chloride in 8 nL of 1,2-dinethoxyethane was added dropwi se to the m xture,
followed by stirring for 2 hours 30at 35C. 40 nL of tert-butyl nethyl ether

was addegd tn t xture under stirring, and after it was allowed
to stand%]Phe%(t}?égﬁ?g q:ﬁ&linms separated. [0260] Anhydr ous

magnesi udiMRaiEBGAﬁé()@Mié@D & 0. %26 7 (Hdhmy 214eya7 | (ZthenrAhy/dl.a862Hmghesi um
sul fate yas sfy qlﬁ{rﬁﬂ f"fl]ij 3"@%2@1%?" %Tgs AReToH0 gj)tﬁﬁﬁ 4Rty ABLSy4 (A1, her. The

35filtrate an concent rat eéd’under reduced

pressur eSh @&J%ﬁ%ﬁﬂﬁhg Qj (40 &HT mh s 5 16\(

(3tS @ts)) > (N- ?:]%ﬂzq)propyl N-§2-0 4-h i di | | at

ni t r obe sul f.onyeani - 4- hy.dr oXypyrr i ne-| - e as a
vel | ow oiPLC[E8Yg Purfly] %E’@@é@fslk-éfﬁ%&?f%ﬁ%iﬁfh%ﬁvm@f?%l °400 M)
6 0. 52- mmmsom(mm) @r@l&alﬁmﬁlCERlHL Mumfﬁ ODS3 4ZBn M) nnh, (3 BmB TchiBY ( 1H,

s) 7. 281"2‘%5‘%%Eétl%ﬁ”n’~)@(g°}§‘é%89f?§ %‘ﬁﬁlﬁa" 1@?%&1%1@ ??0%2 02 eLC

rel at i vempuidst selutgep QoeluRmm DEE0s n+${)2 Histeangradiemiy detecion wyave ewSQ 14, 6

Mx290 Ngth (e iRy Qe BTEC, TR rate: QOISUADZniDS, 4.0 mmx10 mm (3pm), nobile
phase: acetonl[é)zdt h)e (soluti on C), phosphate buffer solution of pH 6.9

(sol ution D) 40 m nutes; solution C: solution D=50:50->80:20 (linear
gr adi ent(ExaﬂpIeegﬂ)l on wavel ength: 210 10mm, columm tenperature: 40C, flow

rate: 63 Benzyl .

(35- ar) BT gR BST R TR Pl o SREE v amaminomsi i) - o-

fluor opyﬂmm@mdmh@rm-baarbgmﬂhfate 15120 mL of toluene was added to 6.25 g
(copeespondi ngoh FhLlff tglu@-ﬂp{w S QédeﬁrtH@QSbffé%Mle?pondm’g to 12.2 mmo}) 0 crude

(3S,4S)-3- (N Céﬂ (I\Q -nitrobenzenesul f ﬁ am ngnet
hydr oxy gaEd| Padfe3t %}fcmwbéﬂ\ér SPHIgbeRtepetlioay @ntnﬁewﬁﬁftlhﬂm of Ref erence
Exanpl e @dr@@gyirbh&iﬂe‘»lt&aﬁo&gla&@s@ﬂquﬁe@ Gsihg Rahéthod 6f Réfehidce EﬂﬁimﬁlleSS?m ved,

f ol | owed t t C. 2 o (18.4

ol oren e ek g ek BR iR 0555 Bissdiied olfibins G CRBE i B e,

foll owednhry teropéristuge o1t (ate A5AGer 2{76nple(H 4imendj of 1,8@iaz8biegelnl5 4.0Bndecmol )  of
|

rongor ot ne b ka it Akt f#%"v%agp%ﬁ???%g% Wigrinetf AR

t enper atdi#embf(18.4anmel) € nopghwagbupawgel -pifasy] ﬂume/wasradd%émp@m%atam d and

40 niL Ofinﬁéﬂté&ﬁﬁ&aﬂﬁ?é@fég(ﬂ@dld"g FMR Wel 36 tstifheoX b Wh s sl idRLteai@amie | ayer
was separa’(i Oa%zge organi c | ayer was washed with 40 mL of 1 nol/L

hydr ochl and with 80 nL of 6% sodi um hydr ogen car bonate
sequential |y, [@6d]then it was dried over anhydrous nagnesium sulfate. The

annydrous moResiL SHLIRTSaNRR LA B AL LERER i 5 yagned wi h 20

mL 30t ol ue Trate were conbi ned,
and conceatﬂtmamﬁtlmm@ed theeetgerdd 1qypewgwe@atmdothénemr@n%lager(\q@amah@tét ive) of

benzyl (3 ﬁ@lﬂl‘?bf(ll\lriﬁyﬁ h?@o@ﬂlﬁhc anﬁ?and with 80 mL of 6% sodium hydrogen

ni trobenzen am honet | uoropyrrolidine-|-carboxylate as a
yel | ow ¢#f OHQ’(S[SQQ-@Q]IEI )é_Fﬁ[@ﬁ?n]!P/W@S @r&@ ovgr a@y@l@)s magnesium sulfate. %

anhydrous magnesium sulfate was filtered and the residue was washed with 20 mL of
30  toluene.

[0265]

The filtrate and the washing were combined, and concentrated under reduced
pressure to obtain 6.05 g (quantitative) of benzyl (3S,4R)-3-(N-cyclopropyl-N-(2-
nitrobenzenesulfonyl Jaminomethyl)-4-fluoropyrrolidine-1-carboxylate as a yellow oil.

35 [0266]
[o]p? 11.0° (c1.13, CHCl).
TH-NMR (CDCls, 400 MHz) 8: 0.59-0.80 (4H, m), 2.49-2.54 (1H, m), 2.63-2.86 (1H, m),
3.25 (1M, dt, J=8.5, 20.0 Hz), 3.43-3.60 (2H, m), 3.62-3.73 (1H, m), 3.77-3.93 (2H, m),
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1H NMR (CDC13, 400 MHz) 6: 0.59-0.80 (4H, m, 2.49-2.54 (1H, m, 2.63-2.86
(1H, m, 3.25 (1H, dt, J=8.5, 20.0 Hz), 3.43-3.60 (2H, m, 3.62-3.73 (1H,
m, 3.77-3.93 (2H, m, 5.14 (2H, s), 5.18 (2H, d, J=52.9 Hz), 7.30-7.40
(5H m, 7.63 (1H, td, J=1.8, 7.1 Hz), 7.67-7.77 (2H, m, 8.12 (1H, dd,
J=1.8, 7.5 Hz). [0267] HPLC relative purity: 88. 4%(RT 17.9 mn), colum:

5.0 oD btk sy 1 b S Ge) Tl AR RL GG T B nare

buf f er sbOUTITER2ES mpH. 5291H sidl /1. 87.9)z).0 to 40 ninutes; solution

C:.sol ution ng@z 2 >80: 20 (linear gradient), detection wavel ength: 210 nm
col um t%ﬁp tur 40C, flowrate: 0.75 m./mn. [0268] 10(Exan(;p|e 37)
Benzyl Qmia@ve(WEYo&%%)(Rgni%%ﬁﬁﬁhWim CERS Lognfrmpl e 418 car boxyl at e

?gcsir g%?'@ﬂh'xg@o mn|1 (3ump %cau&ﬁocmgrz%%ﬂ@ <|1)f9812 o%nmmbh%rﬁf(mhy%bmenzyl
-o- Ccl.0 enz on oro rro
D di ne. eS8 Wgﬂs?@ GG DhorobRe Lo s égégqlé‘}é‘héﬂi) by

di ssol vadinutes1®mlutdondt: scblatlmaﬁytdﬁﬁf)wmo @mdaﬂ@adhbnt@,fdeedchan&}avaiaﬁlgtB 2318 g
(24.2 mT?n)coﬁminE Se?at r{g%t gc‘f\z\ﬁrﬁ n%g/gnehq [0269] 3.17 nL (18.4 mmol)

of 4-tert-"bu ene h| Was a ropw se to the mxture at an inner
t enperat ure 00?@|8ibund 30C, followed by stirring for 2 hours at an inner 20
tenper atpianpk 399C. The reaction mxture was cooled to a room tenperature,
and after 40 nL of 3 m)I/L h dr ochl cid an m. of n-hexane were
added, tH&zH(dBa-1-E5&toPsRRy %@aams@éa- - B??B]’”fr‘#gn%'rlgcém Yl er was

extract egrdwichiorid@ nml of 1 nol/L hydrochl oric acid and after 25 being
nmbi ned with h Th
aaueous | ayer 08¢ GEEERIpE ol RaRRe S I TR e el B T
hydr oxi dé(Foltwbewrenesubfonpijedinomegxtl - @dﬂupmpyvmh&m@ Aecarboxpyflate eyrthdsizeg| net hyl
h
et hee. @ﬁﬂé%fﬂfﬁgt%ﬁ%@%&h&?éﬂ WAl ﬁsé’éﬁ@ed@ﬂ%?ﬂ}@fﬁeﬁgh gﬁ?ﬁheah@}’@ﬁluaé}d was

dri ed. e an rous na SIUH]SU ate was tere resi e WwWas
washed \mtltanolzanﬁiL 3 (£ nupely pf ptassium sgbepase werqaideq. The filtrate

and the washi igpegpre conbined and concentrated under reduced pressure. The
id 3.58 I 0 t - but d 11.2

T of 5% hydragém“ﬁia G bk s e e e P B at ur 6 of 24

to 28C, nixfunt htanedndteinpatitungof aroamd B0ORiE foltosvaddryadtiming fifr 24Q00rs zﬁ@nmrhneof

dii SPr 2% g\peeéf e a%@?eacﬁo{x Pﬁxﬂ%ﬁg c%o?etd 82 rl)&ﬂ%mé&%% %Hi' 'éﬁe

ar ound

ter the cryst zat1on arried out for 30
m nut es 48tk AE3 seakd. hysiprbleriaacid and®mi]of n- hexane weﬁoad@ddhe diveopplaspy| et her
was addeghstsepdrhyeg. m xture, foll oved by stirring for 1 hour at around 40C,
and then it V\@% ELadual ly cooled to an inner tenperature of 10C. The
precipitated Pl was separated by filtration and was washed with 20 niL of
di i sopr opyI eTheorgadiddaymo ad exasctell with 20 ndesf T e/t g dproaRsitraeiddndd@er t o

(3r29) S Juo e ShIr B taBh o PSP TalT A e theens, Ty e
hydr ocC hlaquqodejay@f whemage tq BRbasiR) by3adding 40 mL of 5 mol/L sodium hydroxide
(cye! OPLoRM mﬁ%ﬂfﬁ@d Q)}/E)}trébhu[l R hHEb { i xﬁé’ﬂh?PéiKéxat Aofydiogeh! of [ de as
i hg point ot ate et to 162. 4C
( deconp@gqup%wp shldate yras.added to the orgamc layer and Was dried. The anhydrous
magnesium sulfate was filtered and the residue was washed with 2 mL of tert-butyl methyl
30  ecther.
[0271]
The filtrate and the washing were combined and concentrated under reduced
pressure. The residue (3.58 g) was dissolved in 20 mL of tert-butyl methyl ether and 11.2
mL of 5% hydrogen chloride/methanol was added at an inner temperature of 24 to 28°C,
35  followed by heating to an inner temperature of 40°C. 20 mL of diisopropyl ether was
added to the mixture at an inner temperature of around 40°C and after the crystallization,
stirring was carried out for 30 minutes at the same temperature.

[0272]

50



] 15.3 (c1.01, nethanol). 1H NWR (DWVSO d6, 400 MHz) 5: 0.68-0.80 (2H, m,
0.86-1.00 (2H, m, 2.65-2.90 (2H, m, 3.03-3.37 (3H, m, 3.52-3.72 (2H, m,
3.73-3.84 (1H, m, 5.09 (2H, s), 5.36 (1H, d, J-52.6 Hz),7.28-7.42 (5H, m,
9.37 (2H, brs). 15[0274] HPLC rel ative purity: 94.7% (RT: 9.7 mn), colum:
CERI L-colum2 ODS2, 4.6 mmx250 mm (3ktm, pre-colurrin: CERl L-colum?2

obS, 4.0 mmx1 bil e etonltrl lution A

phosphat e buf %Q%é?&qogppp&?etﬁq WQ@%QF%T&F@H"W‘? ??‘6 '@’f’ﬁrﬁ%é‘gl sol ution
A so: uti lﬁerBFﬁ‘GuWU"BDaﬂ@t}(e:cn:mﬁﬁglgdilmﬂllyej@b])ed t6leh @mict Gmpspatele@igoC. h210 nm
20col u t.ure:..A0C ownate. 0.7 The

D ecent THRREH e Said ¥ shalté Bifn ot e Rinel S0 mE e enbod ment s,
however , diisopiopybgihar eifhe salid Wosdrigkurdestedieed pressprd ay0E to obtain B2Ia(i ety of

changes agi sty cahiaRadid, BESS| PE?‘.‘W@“O&WJ‘%BQ’I gt he scope and

|ntent 0 sént 251 nvention; e noted that

the pr eswoﬁﬁﬁﬂpk@p?ﬂrpﬁ@%’&g%ﬁydﬁc hienide) o€ eyl GR4Rbpt i cation filed May

31, 2010cel ﬁﬁﬁﬁmﬁﬁﬁﬁﬂ?l)-&pﬂ)&drﬁ ricQidlidNOL caﬁaﬁyla&%%&%hloﬁﬂs at heh@ptire
content o is incorporated herein by reference. Industrial
Appl. i cabfTY e{/ 30[ 0276] The present invention is an industrially

advant ageous M27Bdd for producing optically active

Sy“ % ('\M%%i*ﬁgéa ot ﬁ&%@a@ﬁ{éﬁ%&&?{'ﬂ@% !149 é}‘j@(&éc%!rﬂ(? kifignpr their salts which

n the production phar maceuticals at | ow
cost Thiet] Iprés3é° @'1 Phveetbasd).i s useful in terms that a

fot d der iy e Reh Mt o (o S P arH ot %‘0"3%91 o B e i s
1 oot v S et U 32005 LRSS O Sl Bt i agentS
hardly shoRictSI728THecsH, MRy, be(2a] bes)t ageousl y pr oduced industrially.

d a [CI ai m[élzlﬁ]]met hod for producing a conpound represented by the

general for ) or it's enantioner, or their salts, conprising step 1:
5(Step WPEC pelattesmurisy: 4. Bor(RAa?.7 myna cobwpn@fdllrlep@lgwat(ﬂbﬁ%% & mergéher al

formul a f 1@8 %iﬁre-%oﬁlﬂﬁmd% _chiBhiAg Cﬁ)@%{bﬁ%dﬁlﬁa 3 tﬂgr &ﬁé%&s@ge”t and

an organi c havi ng an_am di ne or gluanl di ne struc HO R
&0

Ns ( 6) afefp@trﬂe (solutior] {uh drhgsnate byfier solyaepbpH O G%II“HO’(‘ B);, 0 o0 IPB%‘ sents a
pr ot ect Isaﬁltmh@umﬁtwn BAS@BD-AB0P0qURear igradi @), dsRblich Rateléngiio 206 nad kyl group

R A e s e Y M N e A
4-nitr obenzenEﬁGlS] onyl group], 15[Chem 2] Rl rNs (7)

The present invention has been described in detail using specific embodiments,
however, it is apparent to those skilled in the prior art that a variety of changes and
modifications are possible without departing from the scope and intent of the present

25  invention. Inctdentally, it should be noted that the present application is based on
Japanese Patent Application filed May 31, 2010 (Japanese Patent Application No. 2010-
123889) and the entire content of which is incorporated herein by reference,

Industrial Applicability
30 [0276]

The present invention is an industrially advantageous method for producing
optically active syn-3-(N-substitutedaminomethyl)-4-fluoropyrrolidine or their salts which
may be used as intermediates in the production of pharmaceuticals at low cost. The
present invention is useful in terms that a 7-(3-(cyclopropylaminomethyl-4-

35  fluoropyrrolidinyl) quinolone carboxylic acid derivative which is safe, shows potent
antibacterial activity, and is effective to resistant bacteria on which conventional
antibacterial agents hardly show their effects may be advantageously produced industrially.
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[wherein, in the general formula (7), PG represents a protecting group for
an am no group, Rl represents a O to C6 al kyl group which may be
substituted or a C3 to C8 20cycl oal kyl group which may be substituted, and
Ns represents a 2-nitrobenzenesul fonyl group or a 4-nitrobenzenesul f onyl
group]. [Caim2]A nmethod for producing a conpound represented by the
general fornmula (8) or it's enantiongrd or their salts, conprising step 1
and step2: (Step 1) a proce é B quorlnatlng a conpound
represented by the general formula 25(6) or it's enantloner using a

nucl eophjd uor i e or
guani o rie e i Oy (AheRt A3 ERbaRRE ARl BRI Pl M

pr ot ect|W@jogﬁélﬁpa@wmﬂeoféhﬁﬁéal‘@r@prféﬂingﬁeplcfonpound represent ed by the

genersal formulgef 1) a%l?oc'eﬁs & fﬁfb@ﬁ‘lﬁﬁ%ﬁ@m unfd*}%rl’esé%@édtl?y ﬂ&@tg@hé}ﬁl%hﬂu]ﬁt ep
| using a éhlo nmpound an wher e in the

a
general © Prﬁi|S§nr1§)0mq5eslnﬁém@§e@ﬁ@w§Uﬁrlertg@tqgﬁa a@!ﬁcﬁﬁlﬁ)fsw r?eél&mlaéngroup
Rl repressidirk @ gGatidine s€actatkyl group which may be substituted or a C3 to
C8 cyclogfkéf group whi ch may be substituted, and Ns represents a
2-nitrob r%qz né ul fonyl group or a 4-nitrobenzenesul fonyl group], [Chem 4]
10 FRI tNr-1\1. Ns(7) PA [wherein, in the general formula (7), PG
representHOa protecti nglgroup for an am no group, R represents a C to C6
al kyl group”wmhi substituted or a C3 to C8 cycl oal kyl group which
may be substjtuf\ed, @nd Ns represents a 2-nitrobenzenesul fonyl group or a
4-ni trobenzdgesyt f onyggroup], 1 em 5] R t501,, it (8) PA
[wherein in tié general formula (8), PG represents a protecting group for
an am no grou%g R represents a G to C6 alkyl group which may be
subdbituted olfd C3 to C8 20cycl oal kyl group whi ch may be substituted].

[C al m 3] The pabetdct inOﬂﬁe @emda@loroaﬁal éd} rG’ tr@réaearsr@ﬁoemuz%m fﬁﬁidﬁ, in step
‘?egigo

1, il | k d.as th
i uor P ndtTHO ERGERR. PO THEC b oL ED B e RO Boh M 6 o

wher ei n dyhpalket gﬂoupwdaﬁkma}eba lshilgstiykted, land Nsdepressntson2di tubeoue adfonylt sul f onyl
fluori degroup or a 4-nitrobenzenesulfonyl group],

15  [Chem. 2]
F R
N
Ns (7
N
|
PG!

[wherein, in the general formula (7), PG' represents a protecting group for an
amino group, R' represents a C1 to C6 alkyl group which may be substituted or a C3 to C8
20  cycloalkyl group which may be substituted, and Ns represents a 2-nitrobenzenesulfonyl
group or a 4-nitrobenzenesulfonyl group}.
[Claim 2] A method for producing a compound represented by the general formula
(8) or it’s enantiomer, or their salts, comprising step! and step2:
(Step 1) a process of fluorinating a compound represented by the general formula
25  (6)or it’s enantiomer using a nucleophilic fluorinating agent and an organic base having an
amidine or guanidine structure; and
(Step 2) a process of deprotecting a protecting group on the amino group of the
compound represented by the general formula (7) or it’s enantiomer, or their salts obtained
in step lusing a thiol compound and a base,
30
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[ Cl ai m 5] The production nethod according to any one of Clains 1 to 4,
wherein, in step 1, a reaction tenperature is 10C or less. [C ai m6]The
production nmethod according to any one of Clains 1 to 5, wherein, in

step 1, a solvent is used 15- to 25-fold amount of the conmpound represented
by the general 5fornmula (6) or it's enantioner. [C aim 7] The production

nmet hod aggording to any one of Clains 1 to 6, wherein, in step 1,

tetranet e&héﬂl di ne, 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene, or 1,5-

di azabi cycl o[ 4. 3. 0] non-5-ene is used as the organic base. [C aim8]The
production nmet hod accor d| ng to any one of Clains 2 to 7, wherein, in 10step
2, the thHéD, conpgund R thioglycolic acid, a C 1l to 24 al kylthlol or
benzenet hi oI be substituted. [C aim9] The production nethod
accordi ng tofany\one of Ctalgﬁ 2 to 8, wherein, in step 2, the base is an
al kali met al dKT oxi dNs an i ali netal carbonate, or an organi c base

havi ng an am dixne or guani di ne structur e. 15[ ai m 10] The producti on net hod
according to C%e%]mS or 9, wherein, in step 2, the thiol conpound is the

t hi ogl ycolic a or the C to C24 alkylthiol, and the base is the-al kali
met al hydr oxi Claim 11] The ti met hod according to .Claim 10,
wherein the CEWh? “’62‘21 13 r?ﬁ“&“taigﬁkgg&%ﬁﬁé‘fslﬂ HPteCH’i’t%ig’t iy et al
hydr @xi deming grédphRl meﬂws&mxa deto 20 bxﬂya'gmsuﬁzqhﬂiﬂnw bel muistitumedet O tcaCg or di ng
to any one m de,
oty SRRT g ) b R F et R L R R TP o Ve
[ aim 1§pﬂ'1bter :p#mﬂmtd:tanweﬁdfmhgmbr ding to Caim12, wherein, in step 2,
the N, N KI formam de is used as the reaction solvent. 25[d ai m 14] The
production method according to laim8 or 9, wherein, in step 2, the thiol
conmpound is the benzenethiol which may be substituted, and the base is the
al kali mgtal carbonagd. [C aim 15] The production nethod according to daim

14, where enet hi ol whi ch nmay be substituted is
4-tert-butyl bépzenet hi ol , d the alkali netal carbonate is 30potassium
carbonat e 4Qr si unNgar bon . [ aim16] The production nethod according to

Claim 14 or M5, wherein, in step 2, a lower alcohol, an ether solvent, a
nitrile solvgat;, or a m xed solvent of these is used as the reaction
soluént. [C"arm 17] The production nethod according to Caim 16, wherein a

m xed sol vent [Rherdhi t}ethlefgwrataﬂoeﬁme 7)atrd}1tréteeehﬁerpreebu broup fois@d as the

reaction sol vent CI aim tion
wher ei n 3REC 25Dy RaFGEPS?FSPtS asggt%(%a YofrogP Bvﬁ Lﬁ’(ﬁ uﬁ%‘ (gtah(gf S vent
i s tetralybatfylipamp which may be substituted, and Ns represents a 2-nitrobenzenesulfonyl

group or a 4-nitrobenzenesulfonyl group],
15  [Chem. 5]

F R!
S
H o ®
N
[
PG!
[wherein in the general formula (8), PG represents a protecting group for an
amino group, R' represents a C1 to C6 alkyl group which may be substituted or a C3 to C8 .
20  cycloalkyl group which may be substituted].

{Claim 3] The production method according to Claim 1 or 2, wherein, instep 1, a
perfluorcalkanesulfonyl fluoride is used as the nucleophilic fluorinating agent.

[Claim 4] The production method according to Claim 3, wherein the

perfluoroalkanesulfonyl fluoride is nonafluorobutane-1-sulfonyl fluoride.
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[Claim 5] The production method according to any one of Claims 1 to 4, wherein, in
step 1, a reaction temperature is 10°C or less.

{Claim 6] The production method according to any one of Claims 1 to 5, wherein, in
step 1, a solvent is used 15- to 25-fold amount of the compound represented by the general
formula (6) or it’s enantiomer.

[Claim 7] The production method according to any one of Claims I to 6, wherein, in
step 1, tetramethylguanidine, 1,8-diazabicyclo[5.4.0Jundec-7-ene, or 1,5~
diazabicyclo}4.3.0|non-5-ene is used as the organic base.

[Claim 8] The production method according to any one of Claims 2 to 7, wherein, in
step 2, the thiol compound is thioglycolic acid, a C1 to C24 alkylthiol or benzenethiol
which may be substituted.

[Claim 9] The production method according to any one of Claims 2 to 8, wherein, in
step 2, the base is an alkali metal hydroxide, an alkali metal carbonate, or an organic base
having an amidine or guanidine structure.

[Claim 10] The production method according to Claim 8 or 9, wherein, in step 2, the
thiol compound is the thioglycolic acid or the C1 to C24 alkylthiol, and the base is the
alkali metal hydroxide.

[Claim 11] The production method according to Claim 10, wherein the C1 to C24
alkylthiol is 1-dodecanethiol, and the alkali metal hydroxide is lithium hydroxide.

[Claim 12] The production method according to any one of Claims 8 to 11, wherein,
in step 2, N,N-dimethylformamide, N-methylpyrrolidone or N,N-dimethylacetamide is

used as a reaction solvent.

[Claim 13} The production method according to Claim 12, wherein, in step 2, the
N,N-dimethylformamide is used as the reaction solvent,
{Claim 14} The production method according to Claim 8 or 9, wherein, in step 2, the

thiol compound is the benzenethiol which may be substituted, and the base is the alkali

metal carbonate.

[Claim 15] The production method according to Claim 14, wherein the benzenethiol
which may be substituted is 4-tert-butylbenzenethiol, and the alkali metal carbonate is
potassium carbonate or cesium carbonate.

[Claim 16] The production method according to Claim 14 or 15, wherein, in step 2, a
lower alcohol, an ether solvent, a nitrile solvent, or a mixed solvent of these is used as the

reaction solvent.

[Claim 17} The production method according to Claim 16, wherein a mixed solvent of
the lower alcohol and the ether solvent is used as the reaction solvent.
[Claim 18] The production method according to Claim 17, wherein the lower alcohol

is ethanol or 2-propanol, and the ether solvent is tetrahydrofuran.
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